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e
Foreword

Dear Learners,

This book is intended to serve as a ready reference for learners of vocational
higher secondary schools. It offers suggested guidelines for the transaction
of the concepts highlighted in the course content. It is expected that the
learners achieve significant learning outcomes at the end of the course as
envisaged in the curriculum if it is followed properly.

In the context of the Right- based approach, quality education has to be
ensured for all learners. The learner community of Vocational Higher
Secondary Education in Kerala should be empowered by providing them
with the best education that strengthens their competences to become
innovative entrepreneurs who contribute to the knowledge society. The
change of course names, modular approach adopted for the organisation
of course content, work-based pedagogy and the outcome focused
assessment approach paved the way for achieving the vision of Vocational
Higher Secondary Education in Kerala. The revised curriculum helps to
equip the learners with multiple skills matching technological
advancements and to produce skilled workforce for meeting the demands
of the emerging industries and service sectors with national and global
orientation. The revised curriculum attempts to enhance knowledge, skills
and attitudes by giving higher priority and space for the learners to make
discussions in small groups, and activities requiring hands-on experience.

The SCERT appreciates the hard work and sincere co-operation of the
contributors of this book that includes subject experts, industrialists and
the teachers of Vocational Higher Secondary Schools. The development
of this reference book has been a joint venture of the State Council of
Educational Research and Training (SCERT) and the Directorate of
Vocational Higher Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions
for the improvement of the book.

With regards,

Dr. P. A. Fathima
Director, SCERT, Kerala
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ABOUT THE COURSE

The course named Electrical and Electronics Technology (EET) comes under
engineering group. Electrical and Electronics Engineering field has radically
transformed our way of lifeand so the basi ¢ concepts of the same have been dealt
withindetail. Studentswith aflair for LED assembling and repairing, solar PV
systemingallation & maintenance, domestic applianceservicingandwiringwill find
thecoursearewarding career option. Besdesthis, studentscan stabilizether career
by equi pping themselveswith wire man license. Thiscan open theporta s of self-
employment to the pass outs. For those aspiring to apply for government jobs, the
courseisrecognized by PSC and so it opensjob opportunities. Thereareample
opportunitiesin private sectorstoo. Duepriority isa so givento skill development to
ensurethat students don't take aback seat on their ride to success. So thefuture
seemspromising for EET students.

ThecourseEET ensuresaradical changeat theacademiclevel and soisall geared
to set anew mile stonefor its students. Our primefocusison devel oping much
needed man power inindustriesand opening up opportunitiesfor self-employment.

The much awaited syllabus revision has distanced the stagnancy that the course had
beeninfor alongtime. Bridging the gap between current industry requirement and
skill competency of studentsisaherculean task. We believe that we have done
justiceto thisissue and addressed it by taking asmall step forward. All credit goes
to replacing obsol ete syllabus with portionsincorporating current technology and
industry requirement. Thisseemsto bethe only sensible solution. Practicd skillsof
students should a so be enhanced by paying more attention to hands-on-training.

Major Skills (with sub skills)
Module - 3
Solar PV system installation and Maintenance
» Servicingof Lead acid Batteries.
* |dentification of active e ectronic components.
» Testing of activeeectronic components.
* Assembling of smpleamplifiersandinverters.
* Designingof Solar PV System.
* Indalationof Solar PV System.
» Servicingof Solar PV System.
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Module - 4
Servicing of common home appliances
* Identification of different D C motors.
» Identification of different single phaseinduction motors.
» Connection of DOL and Star Deltastarters.
e Seavicingof Electriciron.
» Servicingof Electricwater heater.
» Sevicngof Cellingfan.
*  Sarvicingof Pedestd fan/Wal mount fan
» Savicingof Mixer grinder (Mixy)
»  Servicing of Wet grinder.
» Savicingof WashingMachine.
»  Servicing of Water pumps.
« Drawingengineering graphics.
» FamiliarisngElectrica AutoCAD.

SYLLABUS
Module - 3 (Solar PV system installation and Maintenance)
Unit -1 Cells and Batteries (55 Periods)

Célls- concepts of Primary and secondary Cells- Lead Acid Cell- Steps of
Congtruction, Defects, Self discharge/shelf life, Capacity and efficiency of battery,
Charging and Discharging, Care and Maintenance, Interconnection of Cells- Series
and pardld, Insrumentsand toolsused for battery testing, Battery bank installation,
testing and commissioning. Typesof lead acid battery- Liquid vented, Tubul ar- Seded
or VRLA-AGM & Gd,Applicationsof  Nickd cadmiumé& Lithiumioncdls,

Unit -2 Electronic components and Devices - Il (85 Periods)

Trang gor-types, testing connections-Trand stor asan amplifier, Bascosaillator circuit,
SCR-TRIAC-DIAC-FET-MOSFET-1GBT-terminal s-applications and testing.
Zener diode-voltageregulator using zener diodeand 78X X series- gpplications of
L CD-photodiode-photo transistor, Thermistor, LDR, Super capacitor. Inverter &
UPS- Basiccircuit and working - Familiarising inverter circuit usng MOSFET/
IGBT.

Number systems- binary and decimal - Logic gatessAND, OR, NOT, NAND,
NOR & XOR

O
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Unit - 3 Solar PV System installation and maintenance (200 Periods)

Introduction to Energy- Renewabl e and non-renewabl e energy sources-Energy
situation in Keralaand contribution of different energy sourcesto the energy mix.
Solar Energy- Advantages and di sadvantages (5)

Solar PV Modules- Photo Voltaic effect-Solar cdls-Construction, Seriesand Pardld
connectionsof solar cdls, fabrication of solar PV module. Mismatchin cdlsmodule,
Shading and hot spots. Factors affecting power of aPV Module. Rating of PV
Module.

I-V characteristicsof PV module- Open circuit voltage-Short circuit current and
maximum power point, Selection of solar module according to requirement. (60)

Solar PV system and itsingtallation- Components of solar PV System- Choice of
batteriesfor PV modules.DC to DC Converter, Inverter (DC to AC converter),
Chargecontrollers, Wiresizingin PV systems. Typesof PV Systems- Stand a one,
Grid connected and Hybrid system. Installation of PV module- Orientation and
inclination requirements- M odule mounting structures- Selection of appropriate
equipment, materials, accessoriesand toolsfor installation of battery , inverter and
other support systems. Safety precautionsfor ingtaling asolar photo voltaic system.

(100)
Solar PV system maintenance -Basic Maintenance-cleaning of module and
maintenance of battery. (20)

Solar PV devices- Solar lantern, Solar Street lights - Parts & Working. (15)
Module - 4 (Servicing of common home appliances)

Unit - 1 Electrical Machines (50 Periods)
DC Machines- DC Generator- Parts, Working principle, Types- DC Motors-
Working principle, TypesApplications-necessity of starters.

A.C Motor s-Principleof working and types of 3 phaselnduction motors- Starters-
Connection of DOL and Star delta starter-Single phase Induction M otor-Types-
Working-Circuit Diagram and Applicationsof PSC, CSIR, Universa, Shaded pole,
Stepper motor and BLDC Motors.

Unit - 2 Servicing of common home Appliances (200 Periods)
Parts, working, testing, precautionsand servicing of :

1. Electriciron- NonAutomatic and Automatic

2. Electric Water Heater-.

>
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Cdlingfan

Wall mount/Pedestal fan

Mixer Grinde

Wet grinder

Washing Machine- Semi and Fully automatic
Water pump-Centrifugal and Jet.

o N o a b~ W

UNIT - 3 Engineering Graphics (90 Periods)
Engineeringdrawing

Engineering drawing- Uses-Instruments- Typesof lines, Lettering and dimensioning,
Geometrical construction-bisecting lines- perpendiculars- dividing lineinto equd
parts, Angles. Construction of triangle, square, rectangle, pentagon and hexagon.
Conic sections-concept - definition of elipse, helix, parabola & hyperbola,
construction of elipse, parabola. Involute, triangle & square.Projectionsof points
& lines. Projection of planes (first quadrant only). Orthographic Projection -
Orthographic views of simple objects- Pictorial Drawing-1sometric projection-
Principle, isometric scale, isometric view. Auxiliary views, Free hands sketching of
straight lines, rectangles, squares, circles- Sectional viewsof ssmpleengineering
components and devices. Development of surfaces -concept & applications-
devel opment of cylinder and pyramid.

Computer Aided Drafting

Introduction to CAD -starting to use CAD software- Application of CAD in
Engi neering drawing -opening of CAD-Setting of unitsand limits-saving of drawing.
Draw commands(lines, circles, arc, dlipse, hatch, modify, erase, etc.) Dimensioning
and text commands. Drawing of 2D figures, creatinganew drawing. Introductionto
electrical Auto CAD. Familiarise & practiceéectrica Auto CAD software.




M ELECTRICAL AND ELECTRONICS TECHNOLOGY

Module - 3
Solar PV system installation and Maintenance

Module Overview

The Third module of EET named SOLAR PV SYSTEM INSTALLATION &
MAINTENANCE consists of three units such as cellsand batteries, electronic
componentsand devices-Il and solar PV systeminstall ation and maintenance. Cells
and batteriesded swith the concepts of primary and secondary cells, construction,
mai ntenance and charging of lead acid cellsetc. Electronic componentsand devices
includesidentification and testing of el ectronic componentssuch astransistors,
SCR,TRIAC, DIAC, FET, MOSFET etc, fabrication and working of voltage
regulators, amplifiersand basicinverter circuits. Thethird unit deal swith the concept
of solar energy, solar cells, Rating, configuration and ingtall ation and mai ntenance of
PV systems. Maintenance of commonly used solar PV devicesisasoincludedin
thismodule.

Unit-1
Cells and Batteries:
Introduction

Cedlsand batteriesisthefirst unitin thethird module. Thisunitisvery significant
being the part of solar PV System. Theunit comprisesof construction, mai ntenance,
connections & typesof lead acid cells (Liquid vented and maintenancefree). The
charging and discharging methods and testing of |ead acid battery isal so dealt with.
The gpplications, advantages and di sadvantages of nickel cadmiumand lithiumion
cellsareasoincluded.

Learning Outcomes

After completion of thisunit, thelearner:

*  Explainstheconcept of Primary & Secondary cdlls.

»  Explainsthecongruction of lead acid cell.

*  Undertakescharging and discharging of lead acid cell.

*  Redisesthedefects, capacity and efficiency of lead acid cell.

e Under takesinterconnection of cellsinseriesand pardléel.

e Undertakesbattery bank install ation, testing and commissioning.
*  Undertakesmaintenanceof different batteries.

*  Redisestheapplication of different batteries.
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Concept Detailing

Lead Acid Cell

Parts of lead acid cell

a) Container
Thecontainer ismade of hard rubber which accommodates plates, separators,
electrolyteetc.

b) Plates (electrodes)
Theactivematerial of positiveplateof thecdl| islead peroxide (PbO,) and that
of negative plateisspongy lead (Pb). The plates are made up of lead antimony
grid platesand the surface of the platesis packed with paste of active materi-
as. Thepositiveplates are so arranged that they arein between the negative
plates. So thenumber of the negative platesisawaysone greater than that of
positive plates. The colour of PbO, plateis chocolate brown and that of
negativeplateisgrey.

c) Electrolyte
Dilutesulphuric acid (Dil.H,SO,) isused asthe electrolyte. Usually the pro-
portion of acid and water is1: 3.

d) Separators
Theseare used to prevent electrical contact between positive and negative
plates. Separatorsare placed in between the platesand the el ectrol yte should
be ableto passthrough the separators. They are made up of perforated rub-
ber, specialy treated wood, celluloid etc.

e) Cdlcover
It ismade up of hard rubber and is seated to cover the cell. They prevent
spitting of acid.

f)  Ventplugs
Itisprovided onthe cell VENT
cover so that the gases ;. en orenme s
formed during chemical SHUSEEEE I

reaction is escaped
throughthis. Itisasoused
for pouring ditilled water
andacidwheneverneces-  ruate

STRAP

sary. Thespecificgravity  couramen B
of thedectrolyteingdethe  ecarve

cell can be measured PLATE
throughthisventholeus-  s#7"#7°%
ing hydro meter.

TERMINAL
CONNEGCTOR

LINK
COHNECTOR

iy FOSITIVE
FLATE

SEDIMEHT
SPACE
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Plate connector

They are made up of purelead. Positive and negative plates are wel ded sepa-
rately withit forming positivegroup and negative group terminals. An extension
from each connecting bar formsthetermina pole.

Cdll connector

Onecell isconnected to the next by acell connector to form a battery.
sedling compound

Itisused to form an acid tight joint between the cover and the container.
Ribsand mud house

Thereisspaceprovided at the bottom of the platesto collect the deposits of
the chemical reaction. Thisarrangement iscalled mud house. Mud houseis
formed between two ribs at the bottom of the container.

Steps of construction of battery
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The battery manufacturing process involves the following steps

1) Cagtingthepositiveand negativegrids.

2) Applyingtheactivematerial (pasting) onthegrids.

3) Coveringthepogtive platewith micro porous separators

4) Combiningthepositiveand negativeplates

5) Arrangetheplate setsand form the plate blocks

6) Formingcdlsandfillingtheeectrolyte

7)  Findizing battery (carryingout initid charging (forming), testing, closing vent
plugs, cleaningand sticking labels).

Care & maintenance of a lead acid battery

Themaintenance of battery isvery important asit increasesthelifeof the battery.

Battery maintenance dependson the type of battery used. Physical maintenance

includesdeaning of contact points, checking of specificgravity, observation of charging

and discharging cycles. Before doing maintenance, the battery shoul d be disconnected

fromthecircuit. Whilemaintai ning battery, thefollowing points shoul d be observed.

»  Levd of thedectrolyte should dwaysabovethe plates.

*  During charging vent plugs should kept open.

*  Whilepreparingtheéectrolyte, water should not be pouredinto acid, but acid
should be added to water drop by drop.

*  Whilepreparingthedectrolytetheratio of acid and water should be 1:3

»  Evaporation of thedectrolyte should be compensated by adding distilled weter.

»  Battery should not be kept in discharged condition for along period.

*  Openflamesnear the battery should be avoided.

*  Charging and discharging should beat normal current rate.

*  Nometa object should contact the battery termina swhich causesshort circuit.

»  Chargethebattery with the specified charger only

»  Battery should bekept clean and dry.

Chemical reaction during charging and discharging of Lead acid cell

Thechemicd reactioninalead acid cell isreversible (bi directional)

a) Discharging

When afully charged battery isput into use, (ie. connected to aload) acurrent flows
through the electrolyte and dilute H,SO, decomposes giving H* ions and

&
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SO, ~ions. TheH* ionsmovetowards the positive PbO, plate ( anode) and SO,
~ions movetowardsthe negative Pb plate ( cathode).

Electrolyte
H,SO, - 2H*+ SO, -
Atanode
PbO,+2H*+H,SO, — PbSO, + 2H,0
At cathode

Pb+ SO,  — PbSO,
Aswater (H,0) isformed during discharging, the specific gravity of electrolyteis
decreased. Also the positive (PbO,) plateand negative (Pb) platesare converted
into lead sulphate (PbSO,) whichiswhitein colour. Thevoltage of the battery also
decreased during discharging.
b) Charging
When DC supply is passed through the cell, dilute H,SO, decomposesgiving H*
ionsand SO, ~ions, The H* ions move towards negative plate and SO, ~ions
movetowardspositiveplate.

Electrolyte
H,SO, > 2H*+ S0, "
At anode
PbSO, + SO, +2H,0— PbO, + 2H,S0,
At cathode

PbSO,+ 2 H" — Pb+ H,SO,
During charging the concentration of €l ectrolyte (specific gravity) isincreased. The
plates changes back into PoO, (lead peroxide) whichis chocol ate brownin colour
and Pb ( spongy lead ) whichisgrey in colour. Voltage of thecell isincreased.

Inlead acid cells, hydrogen gasisliberated at negative plates (cathode) and oxygen
gasisliberated at positive plates. (anode)

Indications of a fully charged battery
1) Visual indication
a) Colour of the electrodes

By observing the colour of the el ectrodeswe can examine whether the battery is
fully charged or not. If the battery isfully charged, positive platewill beof chocolate
brown colour and the negative platewill beof grey colour. If thebattery isdischarged

both theplateswill be of whitein colour.
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b) Gassing at the electrodes

Whenthebattery isfully charged gaseswill beevolved at the e ectrodes. Hydrogen
gasisliberated at negative plateand oxygen gasisliberated at positive plate. So gas
bubblesat the el ectrodeisanindication of afully charged battery.

2) Electrical indications

By measuring thevoltage of the battery, we can examinewhether thebattery isfully
charged or not. If thevoltageof thecell is2.1V, itisfully chargedand 1.8V if itis
discharged.

Current (Ampere Capacity) can aso be measured. If the meter shows a steady
reading, itisfully charged.

3) Physical indication

By measuring the specific gravity of thed ectrolyteusing hydrometer, we can examine
whether the battery isfully charged or not. If the specific gravity is between 1260 -

1280 (1.26 t0 1.28) on ahydrometer scale, it isfully charged and if itis 1150 -
1200 (1.5t01.2), itisfully discharged.

Activity: Collect a lead acid battery, Check its voltage/cell and specific
gravity. Dismantle it and note the colour of the plates. Note down your
observation in a table. Sate the conditions of the cell.

Life cycle of a battery

One charging and discharging operation of a battery isreferred as one cycle of
battery. Dueto each charge-discharge cycle, the capacity of battery decreasesdightly.
Typically thelifecycle of alead acid battery is500 - 800 cycles.

Charging Methods

Generally there aretwo types of charging such as constant current and constant
voltage method.

Constant current method

Inthismethod of charging the batteriesare connected in seriesand connectedtoa
circuit asshowninfig. Thecharging current iskept constant throughout thecharging
period by adjusting therheostat in thecircuit asthe battery voltage goesup.

Inorder to avoid excessive gassing or over heating the charging may be carried out
intwo geps, aninitid charging of comparatively higher current and afinishing rate of
low current. The current at which the battery is charged isdecided by the ampere
hour capacity. Usually the charging current shall be 1/8" of theAh capacity.
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During the charging period, thetemperature of the el ectrolyte should not exceed
beyond 40° to 45°C because of thedanger of plate buckling. Sothetemperature of
electrolyteiscarefully watched and if the temperature approaches danger limit the
charging current should bereduced.

Constant Current Method

Datery hattery battery
charger 1 2

In this system, anumber of batteries can be connected in serieswith the battery
charger. Thevoltage of the battery charger should be greater than thetotd voltage
of the battery. Otherwise the battery will dischargethrough thecircuit. Thistype of
charging sysemisused only for

1) Newly constructed battery

2) Completely discharged battery

3) Batterywhichiskeptidlefor along period.
2. Constant voltage method

In thismethod, the voltage of the battery iskept constant by varying the current.
Initidly the charging current isvery high and decreases asthe battery charges. The
timeof chargingisreduced to half and increasesthe capacity compared to constant
current method. But theefficiency islow.

constant voltage method

* é|l ] L

charger 1 2

3. Tricklecharging

Duetoleakageaction and other open circuit losses, afully charged battery lossesits
chargeevenwhenopendircuit. Henceto keegp the battery dwaysin charging condition,
thebattery ischarged by avery small current for along period. Thistypeof charging

iscaledtricklecharging.
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Activity: Charge a discharged lead acid cell. How will you identify its full
charge condition?
Capacity of a battery
Itisthe useful quantity of electricity that can betaken from abattery at the specified
rate of dischargebeforeitsvoltagefallsto the specified value. The capacity of a
battery isexpressedin Ampere- Hour (Ah).
If abattery can deliver oneampere current for onehour, its capacity isone ampere-
hour.

Capacity
No. of hoursfor full charge or discharge

C. rating (ampers) =

Factors affecting capacity of battery

*  Number of platesconnected asoneunitin cell
»  Sizeof plate connected asoneunitin cell

* Raeof discharge

*  Amount and density of eectrolyte

e Temperature

Efficiency of a battery

Therearetwo typesof efficiency

a) AmpereHour efficiency

b) Watt Hour efficiency

Ampere Hour efficiency

AmpereHour efficiency istheratio of ampere hour on dischargeto ampere hour on
charge.

Ampere hour on discharge
Ampere hour on charge

Ampere Hour efficiency =

Watt Hour efficiency istheratio of energy (watt hour) during dischargetothe energy
(watt hour) during charge.

Watt hour on discharge

Watt Hour efficiency = Wait hour on charge

Watt hour efficiency of abattery will dwaysbelessthanitsampere hour efficiency
becausedischargevoltageislessthan chargevoltage.




M ELECTRICAL AND ELECTRONICS TECHNOLOGY

Factors affecting efficiency of a cell
e Chagingrate
* Dischagingrate
* Internd resistance
e Theperiod of time between theend of discharge and starting of recharge
*  Temperature
State of Charge (SoC) and Depth of Discharge (DoD) of a battery.
SoC indicatesthe level of charge (Percentage of total charge) stored at that
time ina batter. DoD isthe inverse of SoC.
DoD (%) = 100 % - SoC (%)
Internal Resistance of a cell
Itistheresistance offered by the cell to theflow of current. A cell possessesinternal
resi stance because of theresi stance of
. Electrolyte
. Electrodes
. Terminal sof thebattery
Thefactorsaffectinginterna resistanceof acell are
a) Sizeof eectrodes
b) Distancebetweentheplates
c) Number of e ectrodes
Defects of secondary cell
1) Sulphation
If acell isover discharged or keep the discharged cell for along period, both plates
become covered with sulphate crystals. Theeffect isusually noticed by awhitish
colour on plates.
Toavoid sulphation
* Avoidoverdischarging
*  Rechargesoon when abattery isdischarged
*  Add carbonate of sodato electrolyte
e Tricklechargethebattery
2) Bucklingof plates

Thisisatroubleinwhich platesbend dueto over charge or over discharge. It canbe
avoided by norma charging and discharging of acell. If the battery hasabuckled

plate, it must be replaced.
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3) Sedimentation

Duetoovercharging & over discharging or dueto continuoususe, small partsfrom
theplate bregk and keep on depositing at the bottom. After sometimethisdeposited
material startsshort circuiting. If it happens, replacethe e ectrolyteand clean the
bottom surface.

Self Discharge/ Shelf life

It isthe charge consumed when battery isnot inusefor alongtime, ie. Sitsonthe
shelf. Thereasonfor self dischargeisthe e ectrochemical processwithinthecell.
Sdf dischargeof battery increaseswithincreaseintemperature of battery. Therefore
itisrecommended to store batteriesat optimum temperatureto reduce self discharge
andtoincreaseefficiency.

Therate of saf discharge depends upon thetype of battery. Lead acid battery loses
50 % of thestored chargein 3to4 months. Li-ion cellsstored at 30°Ctypicaly lose
25% of the stored chargein 3 months and Ni-Cd | osesthe same chargewithin 3-4
weeks.

Connection of Battery

a) Seriesconnection
Cr=Ci+Ca+ Ca+Ca+Cs

If the negativeterminal of first battery isconnectedtothe  anavi=vi=va=va=vi=vs
positiveterminal of the second battery and negative of the f—
second battery to positive of the third and so on, such
connectioniscalled series connection. Inthisconnectionthe Bateys .
total voltageisthesum of theindividua battery voltages. But
samecurrent flowsinal thebatteries Duetothisthecharge | # & |

capacity of seriesconnected batteriesisassameasthecharge Baterys
capacity of asinglebattery. -

Ve=Vy+ Vo+Va=36YV
e and Cr = Cy = C; = C3 = 150 Ah »| Battery 3
| ' Va, Cq

Vy=12V Va=12V Va=12V e
+ Cg=150Ahm Co =150 Ah [1- +[] C3=150Ah []-
) ] ) +E§ &

[

‘ Battery 1 ‘ ‘ Battery 2 Battery 3 —

[ ] L ] [ ] L e
b) Parallel connection %:.E
If the pogitiveterminalsof dl batteriesare connected together s LY

I'I:l’

and negativeterminasof al batteriesare connected together,
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such connectioniscalled parallel connection. Inthisconnection thetota currentis
thesum of theindividual battery current and thetotal voltageisthevoltage of one
battery. In parallel connection, the total capacity of the battery bank (group of
batteries) will beequal to the sum of the capacitiesof individua batteries.

Tools and Instruments used for testing & maintenance of battery

Thefollowing toolsrequired for battery maintenance

Pliers(toopen nuts& bolts, tiethewires& hold livewires)
Wirecutter to cut & stripthewire

Spanner ( To open nut bolts of contacts)

Cleaning brush ( To clean battery contact terminals)

Polish paper (To clean therough contact surface)

Thefollowing arethe commonly used instrumentsfor battery testing

Battery Hydrometer (For measuring the specific gravity of electrolyte)

Rubber bulb

Usable limit Vi
"Zf#"'#?

ol Green colour mark
/ / Safe level
¥ Red colour mark
Danger level

Glass tube

Battery Tester & multimeter (Used for checking thevoltage, current & internal
res stance)

Knob for setting the

LCD display _,
<& measurement mode

Current (A)
Selected mode —%

indicator

Battery Tester Multimeter
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*  Clamp meter (Clipping type multi meter to measurevoltage, current and resis-
tance not by physical connection but by clamping on thewire connected)

Push button for opening
or closing clamp

Ground or common

Types of Lead Acid Batteries
Tubular Batteries

Thetubular battery provides high performance, long lifeand lower maintenance
costs. They areused in batteriesfor deep discharge cycles. In order to avoid the
loss of activematerialsfrom e ectrodes during charging & discharging, tubular
electrodes are used.

Connector bus

Active material —s
Centering
projections
Parous

separator——|

Axial lead
current collector

End cap

Tubular positive plate Cross-section wew
- of single tube

Tubular positiveplates are made of 20-30 tubes connected together by aconnector
busasshowninthefigure

Unigue Design Features and Benefits

Higher energy density than flat plate constructed batteries.

»  Greater surfaceareaoptimizesactivematerid utilization.

* lItresist corrosion whichissuperior to gravity cast flat plate construction and
improvesbattery life

* Uniformdistribution of active material and weight isachieved through awet
filling processwhich enhancesplate uniformity

*  Round, non-woven tubular gauntlets provide superior resistanceto activema-

terid shedding
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*  Fully enveloped separators reducethe chance of short circuiting
e 1" sediment spaceto prevent short circuits
Valve -regulated Lead-Acid Batteries (VRL Batteries)

Vave-regulated Lead-Acid batteries are more user-friendly than the conventional
batteriesfound in automobiles. Being maintenancefree, they aremoreaccepted in
home or office. A new rugged case alows them to be shipped inside el ectronic
equipment, wherethey can provide energy for uninterruptible power supplies.

Absorbed Glass Mat (AGM) Battery

INAGM Battery thefibroussilicaglassmat is used to suspend electrolyte. This
formssemi solid or gel eectrolytewith empty pocketswhich helpsinrecombination
of gasgenerated during charging.

Gel Battery

Thegel battery issimilar toA G M battery, the differenceisthe use of silicagel
instead of fibroussilicagd.

Advantages of Lead acid Battery
e Economicad and simpleto manufacture.

e  Sdf dischargeislowest comparedtoal other batteries.

*  Capableof dischargingat highrates.

Disadvantages

e Energydensityislow

e Shortlife.

»  Cannot bestoredin discharged condition.

e  Environmentaly unfriendly dueto the presenceof lead whichistoxicinnature.

Nickel-Cadmium battery (Ni Cd Battery)

Thenicke -cadmium battery (Ni-Cd battery or Ni-Cad battery) isthemost commonly
used dkainerechargeabl e battery. It cons stsof nickd oxide hydroxideand metdlic
cadmium aselectrodeswith potassium hydroxideasthed ectrolyte. Poly vinyl chloride
isused as separator. The abbreviation Ni-Cd isderived from the chemical symbols
of nicke (Ni) and cadmium (Cd).

Ni-Cd batteriesare used in cordless and wirel esstel ephones, emergency lighting,
and other gpplications. With ardatively low internd resistance, they can supply high
surge currents. Thismakesthem afavourable choicefor remote-controlled eectric
model airplanes, boats, and cars, aswell as cordless power toolsand cameraflash

units.
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Larger flooded cellsare used for aircraft starting batteries, el ectric vehicles, and
standby power.

Advantages
» Itfacilitatesfast chargingand hasalonger life.
» Itdlowschargingat |ow temperatures.

* Itisthemost rugged battery that can withstand both el ectrical and mechanica
abuseanditisnormaly used for heavy duty industria applications.

Disadvantages

*  Low energy dengity.

*  Memory effect and not eco friendly dueto the use of Cadmium.
Lithium ion Battery

Alithium-ion Battery isa so asecondary storagebattery. Lithiumionsmovefrom

the negatived ectrode (cathode) to thepositivedectrodeof Li-ioncdl during discharge

and back when charging. Li-ion batteries use anintercalated lithium compound as

oneelectrodemateria.

USES

»  Portabledevices. theseinclude mobile phonesand smart phones, laptopsand
tablets, digita camerasand camcordersand torches (flashlights).

»  Powertools: Li-ion batteriesare used intoolssuch ascordlessdrills, sanders,
sawsand avariety of garden equipment.

»  Electricvehicles: Becauseof their light weight, Li-ion batteriesare used for
propelling awiderange of electric vehiclessuch asaircraft, eectric cars, hy-
brid vehicles, advanced e ectricwhed chairs, radio-controlled models, mode
arcraft and telecommunication applications.

Battery Bank Installation and Commissioning

Thebattery bank ingtdlation and commissioningismainly of 2 types
1) Replacingold battery bank by new batteries

2) Instdlation and commissioning of complete new battery bank

Inthefirst caseall infrastructure for battery installation will bethere. But inthe
second caseensuretheavailability of infrastructures such as battery room, battery
charger, Battery stand, cabling from charger to battery and from battery to load.
Thefollowing stepsareinvolved in the battery bank instal lation and commiss oning.

»  Forreplacement of old battery banks, ensurethat the battery bank isisolated
fromall loads.

»  Switch OFF the charger connected to the battery.

&
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* Removeadl cables, inter cell/row connectors.

*  Placethenew batteries on the battery stand. Whiledoing thisthe polarity of
batteries should be confirmed.

e Connect theinter cell connectorsand charger to the battery cables& makeit
reedy for initial charging.

* Dotheinitia chargingtill cell voltagereaches2.35V - 2.45V. Take hourly
reading of cell voltage, sp. Gravity and temperature.

*  Oncethecdl voltagereaches2.35V - 2.45V reduce charging current to fin-
ishing rate and continue charging by keeping thetota input Ah rating same.

*  Whilecharging thetemperature should not exceed 50°C. If it exceedsthis
value, stop charging allow temperature to come down to 40°C and continue
charging.

»  Afterreachingfull charge, keep batteriesidlefor 4 hrsand then dischargethe
batteries as per specification mentioned(C/10 or C/20) after isolating fromthe
charger.

*  Recordcell voltage, Sp. Gravity & temperatureof all cells. Make surethat no
cell over discharged. Then recharge again and again notedown al the param-
eters. If sp. Gravity of any cdll fallsbel ow standard val ue, then adjust the Sp.
gravity by adding conc.H,SO,.

. Again rechargethebatteries and keep them on float charging.

TE Sample Questions

1) Duringtheroutinecheck up of alead acid cdll, the hydrometer showsareading

of 1.16. Writethe colour and material of the electrodesof thiscell. Q)
2) Classfythefollowing cdlsasprimary and secondary and comparetheir fea
tures

(Zincchloridecdll, Lithium-ioncell, Nicke - cad, zinc- carboncell) (3)

3) Inaleadacid cell 12 plates are arranged in 4 compartments. This battery
delivers

A current of 1.5 amperefor 6 hours. Find
a. Thecapacity of thisbattery

b. Draw thesectiond view of thisbattery so asto get atotal voltageof 8 Volts
and mark al parts.

c. Draw thechangein connection of thesecellsto get avoltageof 2 valts.

©)

&
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Unit - 2
Electronic Components and Devices
Introduction

Inthe curriculum of EET, Electronic componentsand devicesaredividedinto 2
parts. Thefirst part comprises pass ve components, diodesandrectifiers. Itisincluded
inthefirst module. The second part of electronicsisincluded inthisthird module.
This part consist of testing, connections and application of transistor,
SCR,TRIAC,DIAC,FET,MOSFET, IGBT, zener diodeetc. Digita Electronicsis
asoapart of thisunit.

Learning Outcomes

After completion of thisunit, thelearner:

* Identifiesthetypesand connectionsof transistors
*  Redisestheuseof transstor asan amplifier.

*  Redlisestheconcept of SCR anditsapplications

*  Explainsthe construction, working and application of TRIAC, DIAC, FET-
MOSFET & IGBT

*  Redlisestheconcept of Zener diodeand itsuse asvoltage regulator.

* Redisestheapplicationsof LCD, photo diode, photo transistor, LDR
*  Redlisestheconcept of inverter anditsbasic circuit.

*  Explainsbinary and decima number systemsand conversion.

*  Comprehends theworking of logic gatessuchasAND, OR, NOT, NAND,
NOR & XOR.

Concept Detailing

Electronic components and devices- II

Introduction

In the previous modul eswe have gone through the basi ¢ semiconductor theory and
working of PN junction diode asrectifier and familiarized some of the el ectronic
components such asresistors capacitorsinductors, LED etc. and practiced the
assembling and repairing of LED lamps. Inthismodul e moree ectronic components

suchastransagtors, FET, MOSFET, IGBT, LCD, LDR, Photo diode, Photo transistor
etc. aredealt with.
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Bipolar Junction Transistor (B.J.T)

Transistor isathreelayer threeterminal (emitter, base, collector) device made by
sandwiching either aP type or an N type semiconductor in between two opposite
semiconductor material. So there are two types of transistors PNP and NPN
trangstor.

1. PNP Transistor

It is formed by sandwiching an N type semiconductor in between two P type
semiconductors.

2. NPN Transistor

It is formed by sandwiching a P type semiconductor in between two N type

semiconductor material. A transistor hasthree terminal s such asemitter, base and
collector.

Emitter (E)

Themgority chargecarriersareemitted from thisregion. Emitter ishighly doped to
produce enough charge carriers. Emitter isof medium size and the emitter-base
junctionisawaysforward biased.

Base (B)
Baseissimilar to controlling terminal. Baseislightly doped and awaysthin.
Collector (C)

Collector accept the charge carriers emitted from the
emitter. Thecallector isthelargest section of atransstor

andthe collector-basejunctionisawaysreverse biased.
The collector ismoderately doped.

Callector

N o o P ¥ _
p— P | B/ T l \ | e N | B ™ Collect different
_' _WL | -__Tl-_f components
E E identify, classify in to
NPN Transistor PNP Transistor active and passive

components then
make an album.

&
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Transistor Biasing

The process of connecting external supply toaPN junctionisknown asbiasing.
Themanner of connecting the negative battery termina to the N-typeand the positive
battery termind to the Ptyperesultsin current flow andiscalled forward biasing.
Similarly connecting anegetivebattery termind to the P- typematerid and connecting
apositive battery terminal to N-type material iscaled reversebiasing.

Intransistors, Emitter -Basejunctionisalwaysforward biased and Collector-
Base junction is always reverse biased.

Working of a Transistor

Theemitter - basejunction of thetransistor isalwaysforward biased and collector
- basejunctionisreverse biased. Dueto theforward biasing, the mgority charge
carriersarerepelled from the emitter section and crossthejunction J .. Now since
thebasesectionislightly doped and isof smdler in Size, most of the chargecarriers
areattracted towardsthe collector section dueto thereverse biasing. So they cross
thejunction J, and movetowardsthe collector. Dueto this movement of charge
carriers, conduction takesplacein thetransistor. Thedirection of currentisasshown
infigure (current direction isopposite to themovement of electrons.)

Fromthefigurel_=1_+1_
But 1 isvery muchsmall comparedwithl_and| .
Working of NPN transistor Working of PNPtransistor

n ‘]1 p Jz n " P Jl = JZ P
» [ I o—Pp (o—Pp ([ o——Pp
I —p | —p | —p I I - il b ] [ > I
'E lo— [o—p | —>p L (ke e
— (— | —Pp

[ | e . | e | bR
! ', : I L,
I +—e ‘_.15 — + I | —p IHI‘H o—bI

- |
! : i}

ER ¥ B

Transistor configuration or connection

A transistor hasonly threeterminas. But we need four terminds (twoinput terminas
and two output terminals) for connection. So, while connecting in circuits, any one
of thethreetransistor terminal sistaken ascommon. Accordingly there arethree
typesof trans stor configuration
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1. Common Emitter (CE) configuration

2. CommonBase(CB) configuration

3. Common Collector (CC) configuration
1. Common Emitter configuration (CEC)

If the emitter terminal istaken as
common, it is common emitter
configuration. Hereinput signal is
applied across emitter-base
junction and out put istaken across
theemitter and collector termindl.
It is the most commonly used
configurationinAmplifier Circuits.

Common Emitter Amplifier

Amplifierisanectronic devicewhich amplifiesaweak sgnd without any changein
thefrequency. Common Emitter (C.E) configuration iscommonly used becauseit
produces high power gain. Supply Voltage

i
o
A
v

= -
o Z e
[]
c1 - | & |
« J| <[ Ec-Increasing
Ib-increasing = ¥
‘ —
=
e W, 2E Pl
Ib-decreasing \ Ec - decreasing
= 2
Working Basic common emitter amplifier

R1 and R2 biasthetrans stor so that asteady collector current flows. Rcistheload
resistor. Signd isapplied to the basethrough coupling capacitor C1. During thefirst
half cycleitispositive, andincreasestheforward biason the base of thetransistor.
Thisincreasesthe base current and thereby the collector current through theload
resistor. Thereforethe collector voltage, with respect to the zero line, decreases.
During thesecond haf cycle, theinput signal goesnegative, reducing theforward
bias on thebase. Thisreducesboth base and collector currents. Thevoltage across
theload resistor falsand the voltage on the collector rise. Again, the collector voltage
has donethe opposite of the base voltage. Thetransistor invertstheinput signal as

well asamplifyingit. (Phasereversa of 180° isproduced)
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Common Base Configuration (CBC)

If the base terminal is taken as v E gt o
common, it is common base ML

configuration. Hereinputisapplied e & R Vou
acrosstheemitter-basejunction and Isl 3

output istaken acrossthe base and Ak JNE

collector termind asshowninfigure. Vee L 'V::_

Common Collector Configuration (CCC)

If the collector terminal istaken as
common, it is common collector
configuration. Hereinput signal is
applied across base-collector
terminal and output istaken across
emitter and collector terminds.

Theinput resistance of a bipolar junctiontransistor (BJT) isalwayslow. Itis
because itsinput (emitter-base junction) is always forward biased.

Transistor Testing

Atfirst tofind whether thetransstor isSNPN or PNP, connect thecommon termina
(black) to the emitter or collector and the other terminal (red) of the multimeter to
the base of the transistor . If alow resistance is observed the transistor is PNP
otherwise[highresistanceisobserved] transistor isNPN

Now to check whether thetrans stor isfaulty or not, connect the black terminal of
the multimeter to P section and red terminal to the N section, check whether the
resistanceislow. Now reverse the connection and check the resistanceis high.
Now repesat the processat other junction too. If we can observealow resistancein
theforward biasand high resi tancein thereverse biasthetrans stor isfunctioning.
If notitisfaulty.

To identify the leads of the transistor

Takeapair of leads. Connect the multimeter terminal toit. Note theresistance.
Now reversethe connection and again note theresistance. Repest thisprocessin
the other two pairs. The pairswhich show highresistancein both directionswill be
emitter and collector. So the other terminal isbase. If alead is connected to the
body of thetransistor it isthe collector.
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Field Effect Transistors (FET)

Thetrangstorsthat have studied upto thispoint arecalled
bipolar junctiontransistors (BJT). They aretwojunction
deviceswhose operation depends on the action of two
typesof chargecarriers, holesand electrons. Thereis
another classcaledfield effect trang stors (FETS). These
areunipolar devicesbecausethe r action dependson only
onetypeof chargecarrier.

TheFET isathreeterminal device containing onebasic PN. junctionand can be
built asajunction FET (JFET). Thethreeterminal sof the FET arecalled the Source,
the Gateand the Drain. Therearetwo typesof JFET namely P- channel JFET and
N-channel JFET. TheN-channdl JFET isconstructed using abar of N type material
intowhichapair of P- typeregionsarediffused. The P- typematerial, called the
Gate, whichisembedded on both sdesof the channel formsasemiconductor junction
hencethe namejunction FET.

Symbol & Construction of JFET

N JFET Channel
G PP Construction

Source Source

N-channel JFET P-channel JFET
Comparison between FET and BJT
BJT FET
Itisacurrent controlled device. Itisavoltage controlled device.
BJT haslow input resistance. It hashighinput resistance.
Itisabipolar device. Itisaunipolar device.
Itscostislow. Itscostishigh.

Metal oxide semiconductor field effect transistor (MOSFET)

The MOSFET (Metal Oxide Semiconductor Field Effect Transistor) is a
semiconductor devicewhichiswidey used for switching and amplifying e ectronic
signdsintheeectronic devices. TheMOSFET worksby electronically varying the
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width of achannd aongwhich chargecarriersflow (electrons -

or holes). Thecharge carriersenter the channel at source »

and exit viathedrain. Thewidth of thechannel iscontrolled 2

by the voltage on an electrode called gatewhichislocated :

between sourceand drain. It isinsulated from the channel

by an extremely thin layer of metal oxidesuchasSO,.
The main advantage of MOSFET over aregular transistor isthat it requires
very little current to turn on (lessthan 1mA), while delivering a much higher
current to a load (10 to 50 times or more).

Likethe JFET the MOSFET isafield effect transistor whosedrain current | is

controlled by the voltage on the gate. The manner in which the MOSFET is

constructed determineswhether it isP- channel depletion or an enhancement type.

N-Channel E-MOSFET

D 9 DRAN D 9 DRAMN

SUBSTRATE

& 4 BOURCE

P-Channel EEMOSFET

D @ DRAMN 0 9 DRAIN
SUBSTRATE
G G
u
GATE GATE
5 § SOURCE § ¢ SOURCE

IGBT Schematic Symbols For E-MOSFETs

AnInsulated Gate Bipolar Transistor (IGBT) isathree-
terminal power semiconductor device primarily used as
an electronic switch. Thethreeterminalsof IGBT are
known as'Emitter’, 'Collector' and 'Gate'. It isatype of
transi stor, which can handle a higher amount of power,
and hasahigher switching speed makingit high efficient. _
IGBT wasintroduced to the market in 1980s. ISR EREES

Collector Collector
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IGBT hasthe combined features of both MOSFET and bipolar junction transistor
(BJT). Itisgatedriven likeMOSFET, and has current voltage characteristicslike
BJTs. Therefore, it hasthe advantages of both high current handling capability, and
easeof control. IGBT modules(cons stsof anumber of devices) canhandlekilowetts
of power.

Applications for IGBTSs:

IGBTsareused in high power applicationssuch as:
*  Appliancemotor drives

»  Electricvehidemotor drives

»  Power factor correction converters

e  Uninterruptible power supplies

*  Solarinverters

*  Highfreguency welders

e Inductive heating cookers.

Difference between IGBT and MOSFET

1. AlthoughbothIGBT and MOSFET arevoltage controlled devices, IGBT has
aBJT like conduction characteristics.

2.  Termindsof IGBT areknown asemitter, collector, and gate, whereesMOSFET
ismade of gate, source, and drain.

3. IGBTsarebetter in power handlingthan MOSFETS

4. 1GBT hasPN junctions, and MOSFETsdoesn't havethem.

5. IGBT hasalower forward voltage drop compared to MOSFET
Silicon Controlled Rectifier (SCR) or Thyristor

Silicon Controlled Rectifier (SCR) isafour layer
threejunction, p-n p-n semiconductor switching
device. It hasthreeterminas- anode, cathode
and gate.

Anode

Schematic diagram and circuit symbol for a
SCR areshowninfig. Theterminal connected  *=
to outer P region is called anode (A), the
terminal connected to outer N regioniscalled e -
cathode and that connected toinner Pregionis T s

Cathode

ik
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caledthegate (G). For large current applications, SCR need better cooling; thisis
achieved to agreat extent by mounting them onto heat sinks.

Anode
Anode
|
Gate Gate 7|
Cathode
Cathode™
Physical alagram Equivalent schemalic Schematic symbol

Application of SCR
1. Lamp flasher

SCRisusad for lamp flasher gpplication such as DC operated auto mobilesindicators.
Itisused for remotewarning lightsin barricades & trafficsignals. Itisalso used for
flasher for air craft and advertisngsignd.

2. Electroniccircuit breaker

SCRisusedinover voltage protection circuit. Thistypeof protection circuit openin
few micro seconds compared with that of other milli secondsof conventiond dectro
mechanica circuit bregker.

3. SCR motor speed control

SCRisused for motor speed control in houses and shop appliances. Thiscircuit
provides constant motor speed under changing load condition ashand drill, mixer
etc.

4. SCR alarm cir cuit

SCRisusadindarmcircuit wheresmplicity isrequired. Typica of suchcircuitsare
smoke, heat, water level indicator and power failuresignals.

TRIAC

An SCRisaunidirectiona deviceasit can conduct from anodeto cathodeonly. A
TRIAC can however, conduct in both thedirectionsand thusit isabi-directiona
SCRwiththreetermindsasinfigurebelow.

:
TN ¢
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Whenin operation, aTRIAC isequivaent of two SCRs, connectedinanti parald.
TRIACisusadinacflashers, fanregulators, timedday circuit, light dimmer control,
phase controllersetc. It can conduct inboth thedirections, sotheterminalsare
namedasManTermina 1(MT,) and Main Termina2 (MT,) and Gate (G).

DIAC

TheDIACisbasicaly atwotermina devicewhichisequivaent to two diodesthat
areconnectedinanti-pardld. ItisaTRIAC without agatetermina. A DIAC canbe
madeto conduct in either direction. Soitisabi- directional device.

++
o N E:E
~ P
.

The switching from OFF to ON state can be achieved by ssmply exceeding the
avalanche breakdown voltagein either direction. Thecrystal structureof DIAC s
basi cally the sameasatransi stor with no base connection asshowninfigure.

XL

(a) (b)

LCD Syvmbols Used for DIAC

Theliquid crystd display (LCD) hasthedistinct advantage of having alower power
requirement thanthe LED. Itistypicaly intheorder of microwattsfor thedisplay, as
compared to the same orders of milli wattsfor LEDS. It requiresan external or
internd light sourceand thelifetimeislimited becauseof LCD'schemicd degradetion.

A liquid crystal ismateridsthat flow likealiquid but hasthe property toaignina
definite crystal pattern when energized. It consistsof athin layer (about 10 micro
meter) of aliquid crystal sandwiched between two glass sheetswith transparent
indium oxide el ectrodes deposited on their insidefacesas shownin figure. When
not activated theliquid crystal istransparent but whenit isenergized, the molecular

&>
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alignment causesthelight to scatter in all directionsand hencethe activated area
appearsbright

Upper Polarizer

Upper Glass

Lower Glass \‘Il
Conductive
Lower Polarizer Electrode

LCD'sareusedin electronicinstrument displays, watches, cal culators, counters,
televison/ computer screensetc.

LDR _ .
cadmium sulphide =

A photo resistor (Light-Dependen  #ack

Resistor, LDR, or photocell) is alight:

controlled variableresistor. Theres stance

of aLDR decreaseswithincreasinginciden

light intengity; in other words, it exhibit:

photoconductivity. An LDR canbeapplie

inlight-sengtivedetector circuits, and light

and dark-activated switching circuits.

THERMISTOR

Thethermistorisatemperature S

sensitive resistor; that its Sy

terminal resigtanceisreatedt rzc:_:ffu
itsbody temperature. It hasa

negative  temperature
coefficient of resistance,
indicatingthatitsresistancewill %
decreasewithanincreaseinits Semisinduclng Dive

(c) Disc Type .
body temperature. For Geand TYPES OF NTC THERMISTORS

girguit symbol

Ohmic Contact

{a) Rod Type (b) Bead Type .
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Si, the resistance decreases at the rate of 6 to 8 % per degree Celsius risein
temperature. But Ge and Si are not used as thermistor materials because their
propertiesaretoo senstivetoimpurities. Commercid thermistorsaremadeof oxides
of manganese, nickel and cobalt. It cons st of semiconductor bead of gpproximately
0.04 centimeter diameter to thin wires are attached to the head to provide two
terminds.

Thermistors are used in electronic circuits as sensorsin
microwave power measuring equipment, temperature
compensators and temperature sensors for electronic

thermometers.  Themistor symbel
PHOTODIODE

A photodiodeisasemiconductor devicethat convertslight into current. The current
is generated when photons are absorbed in the photodiode. A small amount of
current isal so produced when nolight is present. Photodi odes may contain optical
filters, built-inlenses, and may havelargeor smal surfacearess. Photodiodesusudly
haveadower responsetimeastheir surfaceareaincreases. Thecommon, traditiona
solar cell used to generate e ectric solar power isalarge areaphotodiode.

Principle of operation

When aphoton of sufficient energy strikesthe diode, it creates an electron-hole
pair. Thismechanismisa so known astheinner photod ectric effect. If theabsorption
occursinthejunction'sdepletion region, or onediffusionlength avay fromit, these
carriersare swept from thejunction by the built-in electric field of the depletion
region. Thusholesmovetoward the anode, and el ectronstoward the cathode, and
aphotocurrent isproduced. Thetota current through the photodiodeisthe sum of
thedark current (current that isgenerated in the absence of light) and the photocurrent,
so thedark current must be minimized

Anode ﬁ Cathode \ Y7
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PHOTOTRANSISTOR

The phototransistor isasemiconductor light sensor formed from abasic transistor
with atransparent cover that provides much better sengitivity than aphotodiode.

Flat spot and
\\ shortefr pin
Base indicate the
emitter (E)
E Current T l terminal
Emitter

E

Phototransistor structure

Thephoto transistor hasmuch larger baseand collector areasthan anorma transstor.
Thesedevicesweregeneradly madeusing diffuson or ionimplantation.Homo-junction
structurewasusedin conventiona phototrans storsand the materia wasgermanium
or silicon. The modern phototransi storsare having hetro junction structure using
materidssuchasgalliumarsenide.

USES: Phototransistorsare used aslight sensorsin security systems, street light
controllers, IR photo detectors, computer logic circuits, relays, punch card readers
etc.

SUPER CAPACITOR

A super capacitor (SC) (sometimes ultracapacitor, formerly el ectric double-layer
capacitor (EDLC)) isahigh-capacity e ectrochemical capacitor with capacitance
valuesmuch higher than other capacitors (but lower voltagelimits) that bridgethe
gap between electrolytic capacitors and
rechargeabl e batteries. They typicaly store 10
to 100 times more energy per unit volume or
mass than el ectrol ytic capacitors, can accept
and deliver chargemuch faster than batteries,
and tolerate many more charge and discharge
cyclesthan rechargeable batteries. They are
however 10 times larger than conventional
batteriesfor agiven charge.

Super capacitorsare used in applications requiring many rapid charge/discharge
cyclesrather thanlong term compact energy storage: within cars, buses, trains,

cranesand devators, wherethey areused for regenerative braking, short-term energy
storage or burst-mode power delivery. Smaller unitsare used asmemory backup
for static random-accessmemory (SRAM).
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ZENER DIODE AS VOLTAGE REGULATOR

Zener diodeisthemost commonly used € ectronic component asavoltageregul ator
or stabilizer. Thezener diodeisreverse connected acrosstheload RL throughwhich
constant output isdesired. Consider thefigure abovein which aresistor 'Rs'is
connected in serieswith the zener diodeto limit thecircuit current aswell asto

absorbthevoltagefluctuations At Rg

thetimeof conductionthevoltage WA

acrossthezener will beequalto . "

itsbreck downvoltageV, andit it =~ . g Regulated
B . . variable & L output

will maintainaconstant voltage  voitage “Ta voltage

acrosstheload aslong astheinput J/

voltage does not fall below V.
So the output voltage remain constant evenwhen theinput voltage changes.

REGULATED POWER SUPPLY USING 7805 IC
Necessity of Voltage Regul ator

A rectifier with an appropriatefilter servesasagood source of dc output. Magjor
disadvantageof such power supply isthat theoutput voltage changeswith thevariation
of input voltageor load, in order to ensure that output voltage isnot changed eveniif
input voltageor load isvaried, voltageregulator circuitisused. Thelast 2 digitsin
theregulator IC number indicate the output voltage.

Regulator IC

7805 Voltage Regulator Circuit

+a vin | vout__
i 7805

————0 + 5V
Regulated

Input DC Gnd L Vaoltage

(BV-15v) =£ =2

To.zzur 0.33uF

Al

REGULATED POWER SUPPLY
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The 78XX series are examples of positive output regulators.
The 79XX series are examples of negative output regulators.

Type Number | Output Voltage
7805 SN
7806 6V
7808 8V
7809 9V
7812 12V
7815 15V
7818 18V
7824 24V

INVERTEI

Invertersarestatic circuits (that is, they have no moving parts) that convert DC
power into Ac power at adesired output voltage, current and frequency. Thedc
power input to theinverter isobtained from an exi sting power supply network or by
rectifying andfiltering the utility source by thedioderectifier circuit or from abattery,
photovoltaiccdl or fud cel.

Theoutput voltage waveformsof ideal converter should be sinusoidd. However,
thewaveformsof practicd invertersarenon-sinusoida and contain certain undesirable
waveforms called harmonics. Elimination of harmonics may decidethe cost of
inverter.

Invertersare used now aday in equipment that are used as a power source during
thetimeof mainsupply fallure. Invertersarea so usedinmany industria gpplications,
including speed control of induction and synchronous motors; aircraft power supplies
and highvoltagedc transmission.

I. The solar-power inverter taps high-voitage IGBTS in a full-bridge topology.
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OSCILLATOR
Basic Oscillator Circuit ( (L C Tank circuit)
Oscillatorsareused to convert DCintoAC

A simpletank circuit consist of acapacitor and aninductor connected in parallel.
Thefrequency of the oscillated wave isdetermined by thevalue of L & C.

Initialy the capacitor isfully charged by abattery with thehelp of an SPDT switch.

In the other position of the switch the capacitor SPDT
dischargesthrough theinductor. Oncethe capacitor gt

isfully discharged, theinduced emf in theinductor e é
keepsthe current flow in the same direction and i L 5
hencethe capacitor becomescharged aganwith V= A -
theoppositepolarity. After thisthe capacitor starts %

dischargingintheoppositedirection andthe process
continues. Theoutput of LC tank circuitisaways
adamped oscillation. In order to make undamped oscillation COLPIT oscillators&
HARTLEY oscillatorsareused.

LC Tank circuit

BLOCK DIAGRAM OF AN OSCILLATOR

«| OSCILLATORY ELECTRONIC OUTPUT
CIRCUIT = AMPLIFIER -

FEEDBACK
NETWORK

Damped oscillation

Ogtillation whoseamplitudegoeson decreasingwith timeiscaled damped oscillation
Un damped oscillation

Oscillation whoseamplituderemainsconstant iscalled un damped oscillation
Application

emergency lamp, CFL , inverter, electronic chokeetc.

UNINTERRUPTIBLE POWER SUPPLY (UPS)

UPSare used for providing battery backup for computers, tel ephone exchanges,
TV transmiss on stations, nuclear reactorsand other persond productivity eectronics.
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Uninterruptible power supply mainly comprises of aconverter for convertingacto
dc, abattery for storing electric chargesand an inverter for convertingdcinto ac.
Theinput isconnected to the single phase 230V AC or 3 phase 415V AC. When
the power isavail able converter suppliesdc power to chargethe battery and when
power goes battery supplies power through theinverter. Thechangeover switch at
position S1 connectsthisoutput to load at thetime of power failure and connects
back to normal mode (switch at S2) when supply resumes. UPSisspecifiedin VA
and duration of time the battery operates. Hence for getting more VA and time
batterieswith higher Ampere-hour are used.

Block Diagram of UPS
81

\ Load
’ ’
JTransfer Switch

Mains

Block diagram of offline UPS

Mains Load
—p[ Battery Charger H Battery H Inverter J—*

Block diagram of online UPS

Digital Electronics

Themain difference between andog and digital operationistheway theload lineis
used. Inandog circuits, adjacent pointson theload line may be used, soothe output
voltageiscontinuous; therefore the output voltage can have an infinite number of
values. Anaog operation hasasinusoidal input, asthe continuoudly changing input
voltage producesacontinuoudy changing output voltage.

Almost dl digitd circuitsare designed for two-state operation that isusing only two
non adjacent pointsontheload line. So the output voltage has only two stateseither
low or high. Oneway to get digital operationiswith squarewaveinpuit.
Number systems

Binary system

Thenumber systemwhich usesOand 1 asdigitsiscalled Binary number system.
Almost al digital computersand systemsare based on binary operation. A Binary
digitiscaledabit.
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Binary to Decimal Conversion

We can convert abinary number into decimal by giving the position vaues.
Stepsin binary to decimal conversion.

1.  Writethebinary number.

2. Directly under the binary number write 1,2,4,8, 16, 32,....... Working from
righttoleft.

3. If azeroappearsinadigits position, cross out the decimal weight of that
position.

4. Addtheremaining weightsto obtainthedecimal equivalent.
Example 10110011(2)

Stepl 1 0 1 1 0O 1 1
Step2 128 64 32 16 4 2 1
Step3 128 x 32 16 x 2 x 1

Stepd 128 + 32 + 16 + 2 +1=179,
For fractions theweightsof position to theright of binary pointis0.5, 0.25, 0.125,

Addthepositionvaluesof 1's.
Exanpe 0. 11 0 1,

0.1 1 0 1
0.5 025 0125 0.0625
0.5 + 0.25 + 0.0625 = 0.8125

(10)

For mixed numbers apply the abovetwo methodstogether
Example 11001.101(2)
1 1 0 0 1 1 oO 1
16 8 4 2 1. 05 025 0125
6 + 8 + 1 + 05 + 0125 = 25.625

Decimal to binary conversion

(10

Thepopular way of convertingdecima numberstobinaryis Double DabbleMethod.

In thismethod progressively divide the decimal number by 2, writing down the
remainder after each division, until thequotient iszero. Theremainderstakeninthe
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reverseorder form the binary number.
Example 26(10)

21 26 A
2 1495 0
2|1 6 1
2 | 3 0
B 1
0 1 read up Zﬁ[m) — 11010 )

Fractions

For converting fractionsmultiply by 2 and record the carry in theinteger position up
to required number of digits. Thecarriesread downwardsisthe binary fraction.

Example 0.95,,
095x%x2 = 19 = 09 withacary 1 Read down
09 x2 = 18 = 08 withacary 1
08 x2 = 16 = 0.6 withacary 1
06 x2 = 12 = 0.2 withacary 1
02 x2 = 04 = 04 withacary 0 ¢
04 x2 = 08 = 0.8 withacary O
08 x2 = 16 = 0.6 withacary 1 0.95,, = 0.1111001 ,
Additional information
1BINARY DIGIT BIT X
4 BITS NIBBLE XXXX
8BITS BYTE XXXX XXXX
LOGIC GATES

Logic gatesarethe most basiclogic circuit, which arethe fundamental building
blocksfromwhich all other logic circuitsand digital system are constructed. The
most commonlogic gatesare OR,AND, NOT, NAND, NOR & XOR gates.

1. OR Gates

An OR gate hastwo or moreinput signasand only one output. It iscalled OR gate
becausethe output voltageishighif any or al theinputsare high.
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Symbol & Truth table

A
B QUTPUT .
B Y=5+B 1 oo §~- E
TRUTH TABLE I A

INPUT OUTPUT I::
B Y=4+B = t}——b
0 T

== |o|o| -

o L= ol [ ]

1
1
i

Diode Equivdent Circuit of OR Gate

Dy
B—>—
A0

e

2. AND Gates
TheAND gate hasahigh output only when al inputsare high.

A —
INPUT OUTPUT
B — Y = A+B

TRUTH TAELE

INPUT | OUTPUT
A|B Y=A+B
0|0 0
01 0
1]0 0
1)1 1

3. NOT gate

TheNOT gateperformsabasiclogicfunction caledinversion or complementation.
The purpose of gateisto changeonelogiclevel to oppositelevel. It hasoneinput
and oneoutput. Itisasingleinput gate. Itsoutput is alwaysthe compliment of the

input. Not gateisaso called inverter.
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Truth TableElectrical & Diode Equivaent Circuit

— = A Vg
B, —[}O—‘T’: B,
[rput | Cutput WEY

A =4

a 1

1 1] B, T\I(,{:E

A
S‘
4. NAND Gate ’

NAND isthe contraction of NOT-AND. It hastwo or moreinputsand only one
output. When adl theinputsare high, the output islow. If any of theinputsislow, the
output ishigh. Thelogic symbol and truth table of NAND gate are shown below.

—_— ) I: +5%
Dy
A —]
INFLIT L T
: Y =AB o
TRUTH T4BLE B A
z 7
INPUT OUTPUT %
A ] B | v-AE
0 | 0 1 T
T 1 =
T | o 1
I D

5. NOR gate

NOR isthe contraction of NOT-OR. It hastwo or moreinputsbut only one outpui.
When any of theinputsishigh, theoutput islow. Only when al theinputsarelow,
theoutputishigh. Y




A OUTPUT
INPUT el
5 Y=A+E

TRUTH TABLE
INPUT ouTPUT
B W=A+B
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NAND gaesareknown asbasic or universa gatesbecause
they can be connected to other NAND gatesto generate
any logicfunctions..(TheNOR gateisasoauniversa gate
because it can a so be connected to other NOR gatesto

generateany logic functions.)

| a|o|o| =

1]
1
0
1

[=1=1[=0

NOT Gate using NAND gate
7400

A—i}}’

la)

AND gate using NAND gates

7400

m b
w
;|-
%
=<

(b)

XOR gate or Exclusive OR Gate

Anexclusive OR (XOR) gate hastwo or moreinputs
but only one output. Theoutput of XOR gateishigh
only when odd number of inputsishigh.

Assessment activity

Set up equivalent circuit of different gates using
lamps, verify truth tables

|ﬂpUtA:)D Output
Inputy

Output

0

- o]

- Q|~=|Q|H

1
1
0]
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Boolean Algebra

In Boolean Algebra, avariable can be either azero or one. Some of the Boolean
lawsaregiven below.

Basic laws

([ A+B=B+A | A.B=B.A
A+(B+C)=(A+B)+¢ A.(B.C)=(A.B).C
| A(B+C)=AB+AC
OR Operation

[ A+0=A A+AEA
| A+1=IA+?=1
AND Operation

[ Aa.1=Al  A.ARA
| A.0=0A. ?=0
TE QUESTIONS

1. NORisinverted OR gate. Substantiatewith Truth Table.

2. Namethetypeof capacitor usedin motor circuits. Mention the stepsinvolved
inthetesting of thiscapacitor usngAC supply.

3. Intransistor connection, oneterminal istaken ascommon in bothinput and
output. Writetheneed for it. Draw all the possible connections of transistors
and mark input and output terminas.




M ELECTRICAL AND ELECTRONICS TECHNOLOGY

Unit - 3
Solar PV System Installation and Maintenance

Introduction

Solar PV system ingtdlation and maintenanceisthethird unit in thethird module.
Thisunitisthemost significant one becausethe kill certificateisrelaedtothisarea
Thisunit consstsof theimportanceof solar energy, itsharvesting. The construction,
featuresand installation of solar PV modulesand some solar devicesarea so dedt
with.

Learning Outcomes

e Redisetheconcept of Solar energy and itsadvantages and disadvantages.

e Comprehend photovoltaic effect and solar cells.

*  Explaintheoperating principles, types, equivaent circuit of aPN junction solar
cdl.

e Redisetheconcept of photovoltaic moduleand connections of solar cellsin
series, padld.

*  Redisetheconcept of rating of PV module and factorsaffecting power.

»  Sdect solar moduleaccording to requirement.

* Redisetheconcept of 1 V characteristicsof PV module and mismatchin PV
module.

»  Sdect batteriesfor PV module.

*  Redisetheconcept of conversion of solar voltageto fixed DCandAC.
e Identify theconcept of charge controller inthecircuit.

e Comprehendwiresizingin PV systemsand PV system configurations.

e Indtdl solar pand.

e Carryout maintenanceof solar panel and solar PV devices.
Concept Detailing

Solar PV System Installation and Maintenance
Introduction To Energy

Energy isaconcept which can be described as"theability of an object to dowork™.
All the objectswhich have ability to work are said to possess energy. The energy
can havemany formslike heat energy, electrical energy, sound energy, light energy
etc. Electrical energy isone of the most convenient formsof energy. Almost all
equipment around uscanwork on e ectrical energy. The conversion and useof solar
energy into eectrica energy isthetopicof thisunit.

The energy sources can be divided into two broad categories as renewable and
non-renewabl e energy sources. Both of them are derive from the nature, but they

aredifferent fromthe perspective of availability.
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Non Renewable Energy Sources

Thenatura energy sourcesuch ascoal, petroleum, oil and natura gastakethousands
of yearstoform naturally. i.e, their rate of productionislow. Thesefuelscannot be
produced asfast asthey are consumed which will result in their depletion with
prolonged usage. Thus, dueto limited availability, thefossil fuelsare considered
non-renewabl e energy sources.

Renewable Energy Sources

They are natural energy sources which are continuously produced by natural
processes. Thisincludessolar radiation, wind, bio-mass, hydro etc. Thisenergy
sources can be harnessed in any amount and cannot be depl eted asthey are self-
replenished by thenatureitsdf.

Energy situation in Kerala

Kerdaisblessed with huge hydro power potentid by way of plentiful rain and many
rivers. However, out of the estimated hydal potential of about 6000 MW, only
about 2040 MW havebeen harnessed so far inthestate dueto denid of environmenta
and forest clearances. Onthebasisof satewiseinstaled capacity, Keralastands at
16th position with approx. 1.66% of total installed capacity inthe country. Keraa
State Electricity Board Limited (KSEBL) isthe single power entity looking after
generation, transmission & distribution of eectricityinthe State.

Note: 1 unit of electricity = 1000 WH or 1KWH.

People get their electricity bill based on the number of electricity unitsthey
consume bimonthly. The government declares the cost of electricity or 1
KWH or 1 unit of electricity. The present rate varies between Rs2-8 per
KWH depending on the sector (domestic or commercial).

Power SectorinKerdaplaysavitd rolein al developmental activitiesin Kerala.
Obvioudy power crisisisthe Primeobstacleto start new initiativesintheindustrial
field. The need for power isincreasing and the production of power should also
increase accordingly. Monsoon isessential to sustain the hydropower baseinthe
stateand the shortageinrainfal usualy crestespower crisis. KSEB hasentered into
Power Purchase Agreements (PPAS) with various Central Generating Stations of
NTPC, NLC, NPCIL etc. Asameasureto encourage non-conventiona sources of
energy, KSEB has executed 38 PPAs for purchase of power from wind energy
projects and from two Small Hydro Projects, namely, Meenvallom and
Iruttikkanam.ANERT wasentrusted with the programmesfor renewabl e energy
studies and devel opment programmesin the State. ANERT isalso functioning as
the State Noda Agency (SNA) of the central Ministry of New Renewabl e Energy
(MNRE).Now a days being a cheap and clean renewabl e energy source, solar
energy harvestingispromoted by KSEB & ANERT.
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SOLAR ENERGY

Solar energy istherenewable energy of light and hest (i.e. radiation from thesun.)
Thisenergy isharnessed usng arange of ever-evolving technologies.

Advantages

e Itiscleanand non-polluting

e Itisarenewableenergy

*  Solar cellsdonot produce noise and they aretotally silent.

*  Solar energy can beused in remoteareaswhereit istoo expensiveto extend
theeectricity power grid.

e Theyrequirevery littlemaintenance.

*  Theyarelonglasting sourcesof energy which can be used d most anywhere

*  Theyhavelonglifetime.

e Therearenofuel costsor fuel supply problems.

Disadvantages

*  Solar energy can only be harnessed when it isdaytimeand sunny.
»  Solar collectors, panelsand cellsarerelatively expensiveto manufacture -
though pricesarefdlingrapidly.

»  Solar power stationscan be built but they do not match the power output of
similar sized conventiona power stations. They area so very expensve.

*  Incountrieswheretheunredliable climatemeansthat solar energy isalso unre-
liableasasourceof energy. Cloudy skiesreduceits effectiveness.

e Largeareasof land are required to capture the suns energy. Collectorsare
usually arranged together especially when electricity isto be produced and
used inthesamelocation.

»  Solar power isused to charge batteries so that solar powered devices can be
used at night. However, the batteries arelarge and heavy and need storage
gpace. They a so need replacing fromtimeto time.

Photovoltaic Effect and Solar Cell
The "photovoltaic effect” is the
basic physical process through R
whichasolar cell convertssunlight oap— CONTACT
intodectricity. Edmund Becguerdl, ™ TN\ ol

o

SPECIALLY TREATED

aFrench experimental physicist, s comecros,—~

MA

discovered the photovoltaic effect !
in 1839. BACK CONTACT
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Operation of a Basic Photovoltaic Cell

A solar cell, or photovoltaic cell, isan eectrical devicethat convertsthe energy of
light directly into e ectricityby thephoto voltaic effect. Input to solar cellsisenergy in
theform of solar radiation and output from the solar cellsisenergy intheform of
eectricity.

Theélectricity generated by asingle solar cell isvery small, therefore, in order to
generate more el ectricity, many solar cellsare connected together toformaPV
module. The number of solar cellsto be connected together and theway inwhich
they are connected together, isdetermined by the current and voltage requirement.

Number of Solar Cellsin a Module

The PV modulesare usually designed for charging 12 V batteries. Thevoltage
required for charging these batteries can be obtained by series connection
of 36 Slicon based solar cells.

Construction

Solar cellsaremade using different typesof materias. A solar cell technology gets
itsnamefromthetypeof material usedfor solar cell fabrication. Thetypesof materids
includemono-crygdlinesiicon, multi-crystalineslicon, anorphoussilicon, cadmium
tellurideetc.

Most modern solar cells are made from either crystalline silicon or thin-film
semiconductor material. Silicon cellsare more efficient at converting sunlight to
eectricity, but generdly have higher manufacturing cogs. Thinfilmmateridstypicaly
have lower efficiencies, but can be simpler and less costly to manufacture. A
specidized category of solar cells- called multi-junction or tandem cells- areused
ingpplicationsrequiring very low weight and very high efficiencies, such assatellites
and military applications. All typesof PV systemsarewidey used today inaveariety
of applications.

Multi-junction (MJ) solar cellsare solar cellswith multiple p-njunctions made of
different semiconductor materials. The mgjority of multi-junction cellshavethree
layers made of Germanium for the bottom-, GaAsfor themiddle-, and GalnP, for
thetop-cedll. Each materid'sp-njunctionwill producedectric currentin responseto
different wavel engthsof light. Theuse of multiple semiconducting materiasalows
the absorbance of abroader range of wavelengths, improving the cell's efficiency.

Solar Cells, Modules and Array

Photovoltaic cdlsare connected dectricaly inseriesand/or pardle circuitsto produce
higher voltages, currentsand power levels. Photovoltaic modules consist of PV cdll
circuits sealed in an environmentaly protectivelaminate, and arethe fundamenta




M ELECTRICAL AND ELECTRONICS TECHNOLOGY

building blocks of PV systems. ‘ -
Photovoltaic panelsinclude one or p—
more PV modules assembled as a
pre-wired, field-installable unit. A - e
photovoltaic array is the complete %%@ _
power-generating unit, consisting of ===
any number of PV modules and = ===
panels.

Series and Parallel Connection of Cells

Seriesconnectionisdonein order to increase the output voltage, while parallel
connectionisdonein order to increasetheoutput current. Whilemaking seriesand
paralel connection of cells, itisassumedthat all cellshavethe same characteristic,
I.e, they areidentical in al aspects.

Inorder to connect cellsin series, positivetermina of onecell should be connected
tothenegativetermina of thenext cell. In Si solar cellsthe sidewnhich looksbluish
isgeneraly anegativetermind of thenextcell.  When two cells are connected
in parallel the current from thetwo cellswill be added while the voltage of the
combinationwill remainthesameasthat of asinglecell.

Fabrication of PV Module

InaPV module, thecellsareconnected in series/pardld to give appropriate current
and voltagerequirement. In order to ensurelonglife of thesecdlls, they arerequired
to beprotected from theenvironmenta conditions. Moisturein theenvironment can
erodethemetal contactsand affect theanti-reflective coatingonthecells. Thecells
should a so be protected from dust, rain, mechanical shock etc. Hencein order to
protect from environmental damage, PV Modulesare packaged using glass (low
iron content, toughened and textured glass) at the front side and ahard polymer
materid (Poly Vinyl Fluoride- PVF) a therear sdeof themodule. Itisaso protected
by using two sheets of encapsulant (EthyleneVinyl Acetate- EVA) at either side of
theéelectrically connected solar cells. The sheets of glass, encapsulant, electrically
connected cellsand PVF/Tedlar arearranged together and are placed in amachine
cdledlaminator. This processcan provide hermetically seeled PV modulesthat can
operatein outside condition upto 20-30 yearswithout environmental degradation.

Mismatch in Cell/Module

Inalarger PV array, individua PV modulesare connected in both seriesand pardldl.
A series-connected set of solar cellsor modulesiscaled a"string”. Thecombination
of seriesand paralel connectionsmay lead to several problemsin PV arrays. One
potentia problem arisesfrom an open-circuitinoneof theseriesstrings. Thecurrent
fromthe parallel connected string (often called a"block™) will then have alower
current than theremaining blocksinthemodule. Thisiseectrically identical tothe

cell

T

=
=

&
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case of one shaded solar cell in serieswith severa good cells, and the power from
theentire block of solar cellsislost. Bypass diodes may beincorporated or used
externally, to maximizethe output of module sectionstill illuminated. The bypass
diodes should bechosenin such away that they havehigh current carrying capacity
and must beidentical to avoid mismatch of diodeswhich causethermal runaway.

In solar PV modulesand PV arrays, several cell modules are connected in series
and parale inorder to achieve higher power output. In such situationsall devices
arerequiredto beidentica intermsof electrical parameters. But, usualy, thereare
aways somedifferences, dueto thefollowing:
» Differenceincel processing
*  Cédlsor modulesof the samerating but different manufacturer
» Different outside conditions, partial shading of cellsor modules
»  Cdl encapsulating materia becoming semi-transparent from being transparent
duetothe damage caused by UV light and

»  Breaking of glasscover etc.

In the night, when modules are not producing power, they can become load

for batteries, i.e., current will flow in reverse direction. In order to avoid
this, blocking diodes are used.

Shading and Hot Spots

Shading

Shading of asinglecdl isaproblemin PV module because shadingjust onecell in
the modul e can reduce the power output to zero. The output of the cell declines
when shaded by atree branch, building or moduledust. The decline proportionally
to theamount of shading .thecell inamoduleare connected in series. Theshadinga

singlecell causesthe current in string of cell tofall to thelevel of the shaded cell.
Pardld shadingisa so reducethe efficiency of the PV module.

Hot Spots

In PV modulethereare more cellsconnected in series. When onecedll inthisarray is
shaded, it will becomereversebiased. Thestrong reversebias may forcethe shaded
cdl to bresk down. Thiscould permanently damagethecdl. Evenif itisnot damaged,
it generatesalot of heat. Thisresultsin the heating of the shaded cell and nearby
areacausing 'hot spots' in the module. The 'hot spots may cause breaking of the
glasscover, cell or permanent damageto themodule. It isnot only shading but the
mismatch in the cell's electrical parameters can al so cause the 'hot spots inthe
module.

Bypass diode is used to avoid the destructive effect of 'hot spots in series
connected cells. It is connected in parallel with solar cells with opposite
polarity to that of a solar cell.

&



M ELECTRICAL AND ELECTRONICS TECHNOLOGY

The blocking diode on shaded
module prevents current flow
into shaded module from the

parallel module.

*4— Blocking diodes —»*
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Bypass diodes reduce the impact
of mismatch losses from modules
connected in series.

Rating of PV Module and factors affecting power

The solar PV modules arerated in terms of their peak power output (Wp). Itis
specified by themanufacturer under standard test conditions (STC). Themodule
rating under STC conditionsrefersto thefollowing:

* lrradiation:1000w/n?.

e Cdl/Moduletemperature: 25 degree centigrade. (77°C)

e Windspeed: 1m/s.

The conditions specified in STC do not occur in most of the time or locations.
Because of two reasons:

I.  Therea solarirradiationisnormally lessthan 1000w/n?

[1.  Themoduletemperatureismorethan 25 degree centigrade.

Thisresultsin lower modul e power output than expected. In order to have more
redlistic power output fromaPV module, the performance of modulesare described
in other two test conditionsnamely stlandard operating conditions (SOC) and nomina
operation conditions (NOC). Both of these use adifferent concept of temperature
called nominal operating cell temperature (NOCT). The NOCT isdefined asthe
temperature reached by acell in an open circuited module under the following

conditions.
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*  lrradiation :800w/m?.

*  Ambient temperature: 20 degree centigrade.

*  Windspeed: 1m/s.

*  Mounting: Openbackside.

Factors affecting Power

|.  Operating Temperature.

II.  Shading.

[1l. Latitudeof ingtallation (Theanglea whichday light fals)
IV. Sizeof PV array (Solar cell Area)

V. Chargecontroller and Solar cell's|V characterigtics.
V1. Inverter Efficiency.

VIl. CableThickness

VIII. Battery Efficiency.

IX. Conversonefficiency of PV Modules

X. Theamount of sunlight.

When the oper ating temperature of PV Modul eincreases, the voltage output
decreases and reduces the modul e efficiency. Light falling perpendicular to
modul e gives maximum output power. When the cell area increases, the output
power alsoincreases.

Solar PV system sizing as per requirement
1. Determine power consumption demands

1.1 Thefirststepindesigningasolar PV systemisto find out thetotal power and
energy consumption of al loadsthat need to be supplied by thesolar PV sys-
temasfollows:

1.2 Calculatethetota watt-hours/ day of connected load. Multiply thiswith 1.3
(theenergy lost in the system) to get the total Watt-hours per day which must
be provided by the panels.

2. Size the PV modules

Different sizeof PV moduleswill producedifferent amount of power. Tofind out the
sizing of PV module, thetotal peak watt produced needs. The peak watt (Wp)
produced depends on size of the PV module and climate of sitelocation. We have
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to consider "panel generation factor” whichisdifferent in each sitelocation. the
panel generation factor is3.43. To determinethesizing of PV modules, calculateas
follows

2.1 Cdculatethetotal Watt-peak rating needed for PV modules

Dividethetotal Watt-hours per day needed from the PV modules (fromitem
1.2) by 3.43 to get thetota Watt-peak rating needed for the PV panel sneeded
to operate the appliances.

2.2 Cadculatethenumber of PV panelsfor the system

Dividethe answer obtained initem 2.1 by therated output Watt-peak of the PV
modulesavailable. Increaseany fractiond part of result to the next highest full number
and that will bethe number of PV modulesrequired.

Result of the cd culationisthe minimum number of PV panels. If more PV modules
areinstaled, the systemwill perform better and battery lifewill beimproved. If
fewer PV modulesare used, the system may not work at all during cloudy periods
and battery lifewill be shortened.

3. Inverter sizing

Aninverter isused in the sysslem where A C power output isneeded. Theinput rating
of theinverter should never belower than the total watt of appliances. Theinverter
must havethe same nominal voltage asthe battery.

For stand-a onesystems, theinverter must belarge enough to handlethetota amount
of Wattsthat will beusing at onetime. Theinverter size should be 25-30% bigger
than total Watts of appliances. In case of appliancetypeismotor or compressor
theninverter size should be minimum 3timesthe capacity of those appliancesand
must beadded to theinverter capacity to handle surge current during starting.

For gridtiesystemsor grid connected systems, theinput rating of theinverter should
besameasPV array ratingto allow for safe and efficient operation.

4. Battery sizing

Thebattery typerecommended for using in solar PV systemisdeep cycle battery.
Deep cyclebattery isspecificaly designed for to bedischarged tolow energy level
and rapid recharged or cycle charged and discharged day after day for years. The
battery should belarge enough to store sufficient energy to operatethe appliancesat
night and cloudy days. To find out the size of battery, calculate asfollows:

4.1 Calculatetotal Watt-hours per day used by appliances.

&>
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4.2 Dividethetotal Watt-hours per day used by 0.85 for battery loss.
4.3 Dividetheanswer obtainedinitem4.2 by 0.6 for depth of discharge.
4.4 Dividetheanswer obtainedinitem 4.3 by thenomina battery voltage.

4.5 Multiply theanswer obtainedinitem 4.4 with daysof autonomy (the number of
daysthat you need the system to operate when thereis no power produced by
PV panels) to get the required Ampere-hour capacity of deep battery.

Total Watt-hours per day used by appliances x
Days of autonomy

Battery Capacity (Ah) = (0.85x 0.6 x nominal battery voltage)

5. Solar charge controller sizing

Thesolar chargecontroller istypicaly rated against Amperage and Vol tage capacities.
Select the solar charge controller to match the voltage of PV array and batteriesand
thenidentify which type of solar chargecontroller isright for your application. Make
surethat solar charge controller has enough capacity to handlethe current from PV
array.

For the seriescharge controller type, thesizing of controller dependson thetotal

PV input current whichisdelivered to the controller and also dependson PV panel
configuration (seriesor pardld configuration).

According to standard practice, the sizing of solar charge controller istotakethe
short circuit current (Isc) of the PV array, and multiply it by 1.3

Solar charge controller rating = Tota short circuit current of PV array x 1.3
Remark: For MPPT chargecontroller sizingwill bedifferent.
I-V Characteristics of Solar PV module

A solar panel consistsof individua cellsthat arelarge-areasemiconductor diodes,
congtructed so that light can penetrateintotheregion of thep-njunction. Thejunction
formed between the n-type silicon wafer and the p-type surfacelayer governsthe
diode characteristicsaswell asthe photovoltaic effect. Light isabsorbed in the
silicon, generating both excess holes and el ectrons. These excess chargescan flow
through an external circuit to produce power.

Theconversion of sun light to electricity dependson severa parameterssuch as
»  Shortcircuit current (Isc)- It isthemaximum current asolar cell can produce
*  Opencircuit voltage (Voc)-It isthe maximum voltagethat asolar cell can pro-

|
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e Maximum power point (Pm) - It isthe maximum power that asolar cell pro-
ducesunder ST.C (Pm=ImxVm)

e Current a maximum power point (Im)

. . [sz I XV x FF ]
*  Voltageat maximum power point (Vm)

*  FRill Factor (FF)
e Effidency
The efficiency of a PV Module is defined as the maximum output power

(Pm) divided by the input power (Pin). It isexpressed as percentage. Pin for
STC is considered as 1000W/ny

The above mentioned parameters can be measured asfollows

Open circuit voltage (V)

Whilemeasuring V. using amultimeter, connect thetwo terminal s of multimeter

acrosstwo termina sof the PV module
VOC measurement Ve = 19007]

directly. Inthisarrangement, thereading
shown by themeter directly givesthe ’

HEHIE] LIl
[ AL lillJI[ 1|Ii|||l !IIIIIII |1I1II[ |IN1I| |Jl1||'|

OpenCircuit voltageof thePV module. | g a.mmmm!m.tmd

g I
IIHIII IIIIIl (IR Illllllll {HI iIIHII I!I-IIIE (ML

If anegativesignisshowninthe meter,
it indicates that the polarity of the
module terminal is reversed. Hence e
reverse the connection and measure }:HE ATHETH Imm 4“"“ IHH}H'I TS
agan.

Short Circuit Current (I )

While measuring the short circuit current of the PV module, (1), thereshould not
be any load connected to the module. It should bein short circuit condition. Then
connect the oppositepolarity termina of multimeter/ammeter and solar PV module
directly. Thereading shown by multimeter/ammeter in thiscaseisthe short circuit
current of the given PV
module. If anegativesignis
showninthemeter with some

Isc measurement

P, .HIIEI' -G
readi ng, It indicatesthat the '}IIIIII Rt K B
g g g gt g

appropriate polarity of the

(T 11IIIIIT’||IIIII QAT e T TN T

mMul ete'mlnd ar]dthemder LR A Illl:ll ::!l:ll.::l |I|||I|I1I|l|“ Ililill il:]!IIH IlIlII!I lII||IIII +
. . I|||1||I il|!|||l I||||||I IllltlllI ULy IlIIII IIIIH::{:“:L
terminal is not connected. | AB-AHA- G- HETHRH AT
. }'IIIIIII*IIIIII EIHII*IIIIII IIIII ||1|||—*Ir||ll*lml}llllllll o
Reverse the connection and ullii sl ghiuia gt i
then measureagain.
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I-V CHARACTERISTICS

Thel-V Characteristicsof aSolar PV ime
Module is a graph plotted with the
current on'Y'axisand voltageon X'
axis. Themaximum current asolar PV
Module can produce happen whenits
2 terminals get shorted, hence the Valtage

. . I-V Curve of Solar PV Module
nameshort circuit current (1sc).

Current

+ \
vmp Voo

Themaximum voltageasolar PV M odule can produce happenswhen its2 terminas
areleft open, hencethe name Open circuit Voltage (Voc).

Normally the maximum power point for I-V Curveoccursat the'Knee' or ‘Bend' of
the curve. Thevoltageand current at the MPP aredesignated asVmand Im.

If noload isconnected with solar panel which isexposed to sunlight, an open circuit
voltageVocwill be produced but no current flows. If thetermina sof thesolar panel
are shorted together, the short-circuit current 'Isc' will flow but the output voltage
will be zero. In both cases, no power isddivered by the solar pandl. Whenaloadis
connected, we need to consider thel-V curve of the panel and thel-V curveof the
load to figure out how much power can beddlivered to theload.

Practical Work to Plot I-V Curve of a PV Module
Objective:
 Toplotthel-V Curveof asolar PV Module

*  ToDeterminetheoptimal conditionsfor operatingaPV panel inacircuit with
aknown load and understand M PPT (maximum power point tracking);

* Tolnvedtigatetheeffectsof solar insolation, shading, andtiltingangleonasolar
panel through thel-V characteristic measurement.

Instruments/Materials Required :

1. DCAmmeter or multimeter (0-10A)
DC Voltmeter or amultimeter (0-24V)
Rheogtat

ConnectingWires

Solar PV Module

a k W N
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Circuit Arrangement:

AT Il LTI
1 |u|n|*]=mu ] |Il*||||| tll [lli llml |H|l|*tllll ‘lullu{
Rheostat TR T mm (e |u|H1 gt
(Variable III'II mn g g gL g
- gt "*"'".:::.,. (I
gl g il .
||||||| (T || . Th”” m|| (T
U Ill! PULLLLY QUL A O LY

Procedure

e For measuringthel-V curve, werequiretwo multimeter and arheostat. Make
the electrical connectionsas showninfigure. For measuring I-V curve, the
solar PV module hasto be connected in serieswith therheostat, ie, negative
terminal of asolar PV moduleto one end of rheostat and other end of rheostat
should be connected to the positive terminal of the multimeter/ammeter. The
negativetermina of the multimeter/ammeter should be connected to the posi-
tivetermina of thesolar PV module. Thevoltmeter/multimeter for voltage
measurement isdirectly connected acrossthe solar PV module. If any meter
show negativereading, then make changesin the connection.

*  After making theconnections, draw an observation tablefor noting the current,
voltage and power (current x voltage). Then slide the rheostat at one side
wherethevoltage should be maximum and the current should be minimum and
note down thevaluesof current and voltage at that instant. Now dlightly dide
therheostat, then readings of current and voltagewill change. Note down the
readings again. Keep on diding therheostat and note down the reading until
knob of the rheostat reachesthe other end.

*  Repeat gepsintwo different sunlight, i.e. different weathersor different timeof
aday.

*  Repesat thesteps, and measurel-V curvesat different tilting anglesof the solar
panel. What isthe best tilting angleto track the maximum power?

*  Repeat thesteps & measurel-V curveswhen shading 1-2 cellsof the panel.

* Plotl-VandP-V (P=V x1) curvesof thesolar panel. Visualy estimateVm,
Im, and Pmax (i.e., peak power conditions) from plots. At what oad the solar
pand will ddliver the maximum power ?

Calculation:

e Shortcircuitcurrent(l_)

*  Opencircuitvoltage(V )

*  Maximum power point (P ) (P =1 xV )=

»  Current a maximum power point (I )
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+  Voltageat maximum power point (V )

_ l, <V,
*  Fill Factor (FF) = 1 xV._
.. o x V. x FF
* Effidency = P x A

(Pin=1000w/n?, A - Areaof moduleinm?)
Components of a Solar PV System
Themajor components of asolar PV system are:
1. PV module for generating eectricity when sunlight fallsoniit.

2. Battery: for storing e ectrical energy for night time applicationsand for time
when demand of dectricityismore
than generated. Batteries are not
requiredingrid connected PV sys-
tems.

3. Inverter: for convertingDCtoAC.

Chargecontroller: for protectingthe
batteriesfrom overchargeand over
discharge.

5.  Maximum Power Point Tracker
(MPPT) : for extracting maximum
available power from solar PV
module.

C—a-

Charge Controllers

Solar radiation isan unreliable source of energy. It fluctuates asafunction of time
andisnot availableduring thenight or in cloudy sky. Therefore, whenthe PV systems
are used for stand-al one applications, abackup source of energy isnecessary to
compensatefor the balance power demand of theload. Batteriesaregeneral ly used
as a backup source in such applications. To reduce the cost of the system, the
ratings of the batteriesare designed optimally. Battery feedstheload when the PV
output power islessthan theload demand and ischarged when PV output power is
more than theload demand. In applicationswherebatteriesareused, itiscritical to
prevent over charging or deep discharging of the batteriesto preservetheir lifeand
to ensure good performance. Thisisachieved by using charge controllers.
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Types of Charge Controllers

e Shunttypechargecontroller: Inthistypeof charge controller, aswitch Slis
connected in shunt with the PV panel, which isturned on when the battery
voltagereachesit over voltagelimit. The blocking diode preventsthe short
circuiting of the battery. The Switch S2 dlowsthebattery to dischargethrough
theload. When the battery voltage reachesthethreshold va ue, the switch S2
isturned off to prevent deep discharge of the battery.

*  Seriestypechargecontroller: Inthistypeof charge controller, aswitch Sis
connected in serieswith the PV panel. Thisswitch isturned off to prevent the
battery from getting over charged. The magjor drawback of thismethodisthe
additiona lossintheswitch S.

« DCtoDC converter typechargecontroller: A buck, boost or buck boost
type DCto DC Converter can be used to regul ate the output of the PV Array
to feed theloadThis type of charge controllers avoid the losses due to the
conduction of switchesand optimizesthe useof the PV source.

MPPT chargecontrollers: Here, to charge the battery in amore efficient
manner, the PV array is operated at a point where the PV output power is
maximum. Theoutput power of the PV array changeswith thechangein volt-
ageacrossit. To extract maximum power from the PV array, DCto DC con-
verter isused between the PV array and the battery.

DC TO DC CONVERTERS

DCtoDC convertersare used for converting oneleve of DCvoltage (usualy raw,
unregulated) to another level of DC voltage (regulated). Thistransformationisredized
withthehelp of anetwork cong sting of storage d ementslikeinductor and capacitor
and power devicesliketransstorsand diodes. These convertersplay avital rolein
the PV systemswherethey are used as charge controllers, maximum power point
trackersand for interfacing the PV sourcewith different typesof loads. TheDC to
DC circuits are also used for noiseisolation, power bus regulation and current
boogting.

In DCto DC converters, the output voltage can be either higher or lower or both
(higher or lower) as compared to theinput voltage. Threebasic, second order DC
to DC converter topologiesexist:

e BucktypeDCtoDC converter (it stepsdown theinput voltage)
e BoosttypeDCto DC converter (it stepsup theinput voltage)
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*  Buck boost type DC to DC converter (both the step-down and step-up are
possible)

In order to change the DC voltagefrom onelevel to another, the DC to DC converter

usestwo e ectronic switches (onediode and onetrans stor) and oneinductor.

DC to AC Converter (Inverter)

Solar PV generates Direct Current eectricity (DC). A DCtoAC converter isused
to convert the DC power into AC power because most of the equipment isworking
inAC supply. Mainly invertersarebroadly classified as single phase Inverter and
3 phaseInverter. According to themodeof operation, therearetwotypesof inverters:

*  Voltage SourceInverter (VSl) and
*  Current SourceInverter (CSl)
Maximum Power Point Tracker (MPPT)

When asolar PV moduleisused in asystem, itsoperating point isdecided by the
load towhichitisconnected. Sincesolar radiation falling onaPV modulevaries
throughout the day, the operating point of the modul e al so changesthroughout the
day. Inorder to ensurethe operation of PV modulesfor maximum power transfer, a
specia method called maximum power point tracking (MPPT) isemployedin PV
systems. In the case of MPPT, el ectronic circuitry isused to ensure that maximum
amount of generated power istransferred to theload. It usesanalgorithmand an
electroniccircuitry. The power from thesolar moduleiscal culated by measuring the
voltageand current. Thispower isan input to the a gorithm which adjuststhe duty
cycle of the switch resulting in the adjustment of the reflected load impedance
according to the power output of the PV module.

Classification of PV Systems

»  StandalonePV system (A standa onesystemistheonewhichisnot connected
tothepower grid.). Hereisthe only source of power isfrom solar PV mod-
ules. Thistypeof PV systemisused when theload is operated during the day
timeonly. T

A (Charge controller,
v

@ inverter, MPPT, etc.)
Pty

Battery storage Other appliances
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e Grid connected PV system (The PV System connected to thegrid arecalled
Grid connected PV system.)

Electronics

(Inverter, grid
‘gﬁ synchronization, ete.)
v e S

Grid Connected Solar Power System

l lt

4 e Electricity grid
array

module

A grid-connected photovoltaic power systemisan electricity generating solar PV
systemthat isconnected to theutility grid. A grid-connected PV system consists of
solar panel's, oneor severd inverters, apower conditioning unit and grid connection
equipment. They rangefrom small residential and commercia rooftop systemsto
large utility-scale solar power stations. Unlikestand a one power systems, agrid-
connected system rarely includes battery system, asthey are still very expensive.
Thissysemisused for ingtaled capacity above 100 W.Connection of thephotovoltaic
power system can be done only through an interconnection agreement between the
consumer and the utility company.

If photovoltai c wattage substantially exceeds average consumption, the energy
produced by the panelswill be much in excess of the demand. In this case, the
excesspower canyield revenueby salingit tothegrid. Depending ontheir agreement
withtheir local grid energy company, the consumer only needsto pay the cost of
electricity consumed lesstheva ue of el ectricity generated.

Solar
Panels
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ADVANTAGES
»  Grid-connected PV systemsare comparatively easier to ingtal asthey do not
require abattery system.

*  Gridinterconnection of photovoltaic (PV) power generation systemshasthe
advantage of effective utilization of generated power becausethereareno stor-
agelossesinvolved.

* A photovoltaic power systemiscarbon negative over itslifespan. Eventhough
the sun doesn't dways shine, any installation givesareasonably predictable
averagereductionin carbon consumption.

Grid Connected System with Battery Back Up

O

BACKUP
AC LOADS

o
ELECTRIC METER AND
4 UTILITY GRID

SERVICE PANEL,
il | oo

PURPOSE
BATTERY BANK INVERTER

CHARGE
CONTROLLER

*  Hybrid PV system. (Hybrid PV systems could be standalone or grid con-
nected type. (It employsmore than one power source- eg. solar &wind , solar
& diesal generator etc.

| SPV module




M ELECTRICAL AND ELECTRONICS TECHNOLOGY

Applications of Solar PV Systems

Therearemany practical applicationsfor theuseof solar panelsor photovoltaics. It
canfirst beused in agriculture asapower sourcefor irrigation. In heath care solar
panels can be used to refrigerate medical supplies. PV modules are used in
photovoltaic systems and include a large variety of electric devices such as
Photovoltaic power stations, Roof top solar PV systems, Standalone PV systems,
solar hybrid power systems., solar planes, Solar-pumped lasers, solar vehicles, Solar
panel s on space crafts and space stations etc.

Solar PV System Installation

Solar Pandl Connection

ThePV systemsaredesigned to supply to electrica |oads. Theload may beof DC
or ACtypes. SinceaPV panel generates power only during sunshine hours, some
energy sorage arrangement isrequired to power theload during non sunshinehours.
Thisenergy storageisusually doneby batteries.

Understanding installation and materid usage procedure:

*  Undergtand the customer requirement oninsta lation.

*  Enaurethat dl gppropriate materiadsareavailableduring ingtdlationtime.
«  Ensurethat theinstalation meetsthelocd building rulesand regulations.

*  Ensuretodisconnect PV modulefrom any electrica sourcessuch asbatteries,
invertersetc. beforeworking onthemodule.

*  Check that themoduleisdefect freebeforeingtaling.

*  Ensureto take specified measures such asfireresistance, corrosion resistance
for themoduleduringinstalation.

Assessing mounting:
e Understand thetype of mounting and other accessoriesrequired.

*  Assessthedegreeof inclination and angleof tilt of PV modulefor the specific
area, locality or region to enabl ethe system absorb maximum annua sunlight.

*  Ensurethat sunlight fall sperpendicular to the PV modul eto absorb maximum
energy.

e Ensurethat panelsare mounted in aplacewherethereisno shadeat any time
of theyear.

*  Ensuretha mountingisstrongtowithstandwind, rain, etc.

«  Ensurethat any specia construction requirement for mountingisdoneby fol-

lowing acceptablequality standards, especialy, inrooftop ingtalations.
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Use approved toolsfor mounting.

Set themounting fixturefirmly at the desired location.
Ingalingthe Pand!:

Remove packaging of the solar panel carefully.

Handl e the panel scarefully without damaging the materid.

Take safety measuresand wear protection gear such asglovesto avoid shock/
injurieswhilehandlingmodules.

Cover themodulewith opague materia whileingtalling to avoid any current
generation.

Ensurethat junction box iscovered.

Do not disturb or disassemble any part of modul e part during install ation.
Take necessary precautionsfor fireres stance of modules.
Userecommended materia of solar cableand plugsfor eectrica connection.
Install sparefuseto avoid any short circuitsas per company policy.

Mount the modul e on thefixturewith themounting railsusing boltsand nults.
Ensurethat thepanelsaremounted firmly.

Connecting the system and check for functioning:

Usethe cablesto connect multiple PV modulesin combination to generatethe
desired voltageand current.

Choosetypeof connection, ie, seriesor parallel, asper design.
Userecommended cablesto generate maximum voltage.

Check the maximum system voltage asper theinstallation and follow adjust-
ment measuresaccordingly to match output requirement.

Ensurethat the modul es are grounded as specified.
Connect the system and check for functioning.
Escaatefor any i ssuesfaced during thefunctioning of the system.

Solar PV Orientation

A solar photovoltaic module or solar collector collectsthe maximum solar radiation
whenthe sun'sraysstrikeit at right angles. Sun tracking mechanismisnot cost-
effectivebut an adjustable (tilt angle) solar photovoltaic modulesmount (south facing
innorthern hemisphere & north facingin southern hemi sphere) with an appropriate
tilt anglemeasuring scale, will be cost-effective.

A solar photovoltaic module generates more el ectrical power when moresunlight
power incidentsonit. The sunlight power incident on amodul e dependsnot only on
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the power contained in the sunlight but also on the angle between the module and
thesun'srays. Whenthesun'sraysfal normaly onthe modul€ssurface, theincident
sunlight power ismaximum.

Thereissomeflexibility with theangleof tilt and Solar PV arrayscan betilted a an
angleaslow as 12 degrees. At thisanglethe system efficiency isonly reduced by
around 5 per cent and the angleisstill steep enough to stop dirt building up onthe
Solar PV panels.

In order to get the most from solar panels, they must point in the direction that
captures most sunshine. In India, asanywherein the northern hemisphere, solar
panelsshould face southwards. However, in the southern hemisphere, for example,
inAustraliapane s should point towards north. Here North meansthetrue north -
not the magnetic north as pointed by the compass needle.

PV Mounting

When planningtoinstall aSolar PV system, theroof of the buildingisusually the
most suitableplace. Thissolutioniseffectivewheretheroof issouth facing or where
theroof isflat and panelscan befitted using angled mountings. An dternativeisto
mount Solar PV panelsonawall. Thiscanwork well withlonger, dlimmer pands
that can bemounted at an anglewithout protruding toofar fromthewadl itsdlf. It can
a so befixed on ground with suitable mounting. Ground-based mounting supports
include: 1) Polemounts, which aredriven directly into the ground or embedded in
concrete. 2) Foundation mounts, such as concrete slabs or poured footings. 3)
Bdlasted footing mounts.

Safety precautions for installing solar photo voltaic system
Generd Safety
*  Ensurethat themodulesare used for theintended purpose only.

*  Wheninstalling, operating and maintaining the PV system, observeadl local,
regiona, nationd and internationa statutory regulations, guidelines, normsand
coderequirements.

*  Thesafety information for other system components must a so befollowed.

*  Keepchildrenaway from themoduleand PV system.

*  Never work on bad weather or with wet tools

* Donctingal PV Systemsinlocationsthat arecorrosive.

*  Donotwork onPV systemsalone. Alwayshave at |east one other personwith

youin caseof accident/ Emergency.
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Handling Safety

The utmost careis required when unpacking, transporting, and storing the
modules. Leave modul esin packaging until they areto beinstalled.

Alwaysstorethe modulesin adry, ventilated in-door spaceif possible. Carry
modul eswith both hands. Do not use thejunction box asahandleto hold or
transport themodule.

Do not stand or step onthe module.
Do not drop moduleor alow objectstofal on module.

Do not mark or scratch the front or rear surface of the module with sharp
objects.

Do not disassemble, modify or adapt the module such asdrilling holesinthe
frameor glass. Do not apply paint or adhesiveto the modul erear surface.

Do not removeany part or labelling.

Keep al dectrical contacts of moduleclean and dry. Do not handle modules
when they arewet unlesswearing the appropriate protective equi pment.

Do not leave amodul e unsupported or unsecured.

Do not attempt to repair any part of themodule. Broken or damaged modules
must not be used and must be handled carefully and disposed properly.

Installation Safety

All ingalations must be performed in compliance with the National Electrical
Code (NEC) and any applicablelocal codes by authorized personnel.

K eep children away from module and thesystemwheningtaling.

Do not wear metallicjewelery while performing mechanica or eectricd instd-
lation of modulesto avoid accidental exposuretolivecircuits.

Whenworking withmodulesexposed tolight, follow al applicableregulations
regarding workingwith livedectrica equipment.

Do not install or handle the modul eswhen they arewet or during periods of
highwind.

Alwaysuseinsulated toolsand rubber glovesthat are approved for working
on electrical install ationsto reduce therisk of e ectric shock.

Always use equipment, connectors, wiring and support framessuitablefor PV
electric system.

Wheningtalling moduleson e evated | ocations, such asarooftop, use caution
toavoidfaling or other safety hazards by following appropriate safety prac-
ticesand using required saf ety equipment.
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PV modules do not have a power ON/OFF switch. The only way to make
modulesinoperativeisremoving themfromlight, or fully coveringtheir front
surfacewith an opague material, or placing modul esface down on asmooth,
flat surface.

Avoid setting themodul e down with any type of force on any surface particu-
larly when placingit onacorner.

To prevent untrai ned personne from disconnecting themodul esafter instaled,
locking connectors and safety clipsmust beusedintheinstallation.

Do not touch el ectrical terminalsor theends of any wirewhileinstalling the
module.

Cover al modulesinthe PV array with an opaque cloth or material before
making or breaking eectrica connections.

Broken junction boxesor broken connectorsare el ectrical and laceration haz-
ardous and cannot be repaired. Please contact theinstallersto removethe
broken modulefrom the array and contact the supplier for disposal instruc-
tions.

Maintenance of Solar System
Solar systemsrequirelittle maintenance as compared to other e ectric systems.

So, preventive maintenance is more crucial on mgor components of asolar PV
systemsuchas.

= o &~ w DR

Battery

Solar Panels

ChargeController

Inverter

Wiring and connections

Battery Maintenance

« Battery ingpectionand cleaning.

*  Checkingthedectrolyte.

Solar Pandl maintenance

* Keepthesurface (glass) areaof the module clean from any excessdirt.

» A visud inspection of themodules can then be doneto check for defectsin
the modules such as cracks, chips, de-lamination, fogged glazing, water

|eaks and discoloration.
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» Thecondition of thearray mounting frame should a so be noted. Itemsto
observe should includethe array mounting bolts (e.g. bolt rusting) and
checksto ensurethat theframe and modules arefirmly secured. Thejunc-
tion boxes should a so be checked to ensure that the wiresare not chewed
by rodentsor insects.

3. Chargecontroller, inverter andwiring

»  Thiscomponent can bemainta nedby minimizing dust accumulation. A dry
cloth should be used to wipe away any accumulated dirt/dust. A visual
inspection should be doneto ensurethat all theindicatorssuch asLED
lightsareworking and that thewiresleading to and from thisdevice are not
loose. Notethat the charge controller should indicate that the systemis
chargingwhenthesunisup. If not, contact theinstaler immediately.

Solar PV Devices

Theappliances devicesworking on solar energy aretermed assolar devices. There
aremany such devices. The commonly used devicesinclude Solar lantern & solar
Street lighting system.

Solar Lantern
e
. A

Themain componentsof solar lanternaresolar
PV Module, a small rechargeable battery,
electronic control circuit board and alamp
(CFL/LED). Thewholecomponentsareplaced
inasuitablehousing madeof metd/pladtic/ fibre
glass.

Working

Solar PV Moduleconvertssunlight into eectricity anditisthen stored in abattery.
Theeectronic charge control circuit control the charging and discharging rates. A
lamp usualy CFL/ anarray of LED receives power from the battery and giveslight,
when switched ON.

Specificationsof awhiteLight Emitting Diode (LED) light source Solar [antern system
*  Lightsource- WhiteLED

* PV Module- Between 2.5to 5 watts

»  Battery - Lead acid sealed maintenancefreeor Ni MH or Lithiumlonwitha

capacity upto 7AH, at voltagesupto 12V
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*  Protection against Open Circuit, Battery over charge & deep discharge, over
load, reverseflow of current through the PV M odules, accidental short circuit
andreversepolarity.

= 7 —
Solar Street Lighting System ‘ﬁ\} ’ﬁ-f‘/’
A Solar greet lighting system consistsof dl the < /T [
components in the solar lantern and some ™ * || {
specid componentstoingd| thelightingsystem )
suchas -
*  polesystem, solar panel & Panedl bracket meHaweky]
e Maintenancefree(Gelled) Batery & Bat- = = ‘—,[—l
tery box !“] "N
« LEDLamp& housing uamy
e Connecting Cable, Fitting etc.
In Solar street lighting system the Solar panel L
and lamp assembly areinstalled on the pole

having suitableheight and Size. Theautomeatic charge controller regulatesthe charging
and discharging rate of the battery. Along with the charge controller, certain protective
circuitsarea soincorporated in thecircuit to prevent over [oad and reverse current
flow.

Specifications of a Sample Solar Lighting System

* PoleHeight-4Mto12M (Asper therequirement)

*  Polematerid - Plagtic coated on hot-dip gal vanized steel pole.

e Light Source- LED 9W to 100W (as per the requirement)

*  Solar Panel - 30W to 240W

e Controller - To protect the system from over charging/ over discharging

*  Battery - 38AH/12V,Sed ed,maintenance freelead acid battery
Extended Activity
Assemble a solar lantern/Solar street light as a Project work
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List of Practical Activities - Module 3

Identify the parts of |ead acid battery

Dismantling & assembling of lead acid battery.

Charging of lead acid battery.

Testing the condition of aFully charged & discharged battery.
Precautionsto betaken during maintenance of lead acid battery.

V | characteristicsof aZener diode.

Regulated power supply using IC 78X X and Zener diode

Common Emitter amplifier circuit.

Verification of truth table of logic gates.

Tedting of Solar panel and measurement of voltagesunder different irradiations.
Openv/short circuit testing of PV modul e by measuring voltage & current.
Maintenanceof PV module.

Assembling and ingtaling modul e/pand asper design.

Selecting & Installing battery asper the design.

Ingtallation & Testing of inverter circuit.

Ingtalling wiring system for solar equipment.
Assembling & Ingtalling solar devices.

Series& Parald connection of PV moduleto obtain desired voltage & power.
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Module - 4
Servicing of common home appliances
Thefourthmoduleof EET named'HOMEAPPLIANCE SERVICING' consists
of three units such as Electrical Machines, Servicing of commonly used home
appliancesand Engineering Drawing. Electricad machinesareincludedinthismodule
to get abasi c understanding of the construction, classification and working of D.C
Machines& A.C Motorsasto build afoundation to attain the modul e objective.
The second unit Home appliances servicing comprises of the constructionworking
and repairing of commonly used home appliancessuch asElectriciron, water heater,
calingfan, Mixy, wet grinder and washing machine. Thethird unit named engineering
drawing dealswith the basi cs of engineering graphics, projection of points, planes
and surfaces, isometric views, concept of development of surfacesetc. Thisunit
adsoincludesfamiliarization and useof Electrica Auto CAD.
Unit - 1
Electrical Machines
Introduction
The first unit in the fourth module named Electrical machines deals with the
construction, classification and working of D.C Machines& A.C Motors. It aso
includesthedetailed study of different single phaseinduction motors. An attempt is
aso madeto introduce the concept of BrushlessD.C Motors.

Learning Outcomes
1. Comprehendtheprinciple, parts and working of DC generator and types.

2. Comprehend the principle, partsand working of DC motor and necessity of
Starter

3. Explaintheprincipleof working of 3 phaseinduction motors.

4. Connect different typesof starters (DOL, Star Delta)

5. Redisetheworking of different single phase motorsand BLDC motor.
Concept Detailing

Electrical Machines

1. DC Generator

Anéectricgenerator isamachinewhich convertsmechanical energy into éectrical

energy. ltsworkingisbased ontheprincipleof dynamicaly induced emf.ieWhenever
aconductor movesin amagnetic field and cut the magnetic flux, anemf will be

induced init and acurrent flowsif the conductor circuit isclosed.
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Working of a generator

Imaginethecoil isrotating in anti clock wisedirection. At different position of the
conductor, theflux linked with the conductor changesand henceane.m.f isinduced
inthat conductor. Thisinduced em.f isdirectly proportiond totherateof change of
flux linkage. The current obtained from asimple generator reversesitsdirection
after every hdf revolution. Such acurrent undergoing periodic reversalsisknown as
aternating current (A.C). For making theload current unidirectional commutator is
used. They aremade up of Copper conducting cylinder whichiscutintotwo haves
(segments) and they areinsul ated from each other by athin sheet of micaor other
insulating materidl.

Constructional details of a Generator

Partsof Generator

A D.C generator consistsof thefollowing essentid parts.
1) MagneticframeorYoke
2) Polecoailsorfiddcoils
3) Polecoreand poleshoes.
4) Armaturecore& Armaturewinding
5) Commutator & brushes
6) Shaft, bearings
1) Yoke
The purpose of theyokeisto provide
(i) Mechanical support to the poles and acts as a protective cover for the
meachine
(i) It carriesthemagnetic flux produced by thepoles
2) Polecoailsorfiddcoils
Thepolecoilsor field windings consist of copper conductors. When current
flowsthrough these cail s, they magneti sethe poleswhi ch producestheflux.
3) Polecoreand pole shoes
Thefield magnet consi st of alaminated pole coreand poleshoes. Thewindings
for the e ectromagnets are wound on the pol e cores. The pol e shoes servetwo
purposes
a) Itspreadstheflux intheair gap and reducesthereuctanceinthemagnetic
path.
b) They support thefield cails.
4) Armaturecore
Thearmature core carries thearmature conductors and causesthemto rotate
inthemagneticfied. In addition to thisanother function of the coreisto pro-
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videalow reluctance path to the magnetic flux from north poleto south pole. It
iscylindrica or drum shaped and made up of circular sheetssteel laminated.
Thedotsareprovided intheouter surface of the coreto carry the conductors.
A key holeislocated intheinner diameter to
lock the shaft. Air holes are provided in the
corefor cooling purpose.

5) Armaurewinding
Thesearewindingsmadeup of highly conduct-
ing copper conductors. These are placed in air hole
the dots cut in the armature core. There are
two typesof windings.

a) Lapwinding

b) Wavewinding.

Inlap winding the number of paralld path = number of poles
Inwavewinding the number of paralel path=2

6) Commutator
Thefunction of the commutator isto collect the current from the armature
conductors. It rectifies ( convert ) thedternating current induced inthearma-
ture conductorsinto unidirectiona current intheexternal loadresstance. Itis
made up of copper inthecylindrica structure.

7) Brushes
The brusheswhosefunctionisto collect current from commutator and are
made up of carbon. It isrectangular in shape. Thereason for using carbon as
brush contact isthat theresi stance of carbon decreaseswith increaseintem-
perature. Another reasonisthat carbonissoft. So wear and tear will occur at
the brush contact and not for the commutator segments.

Types of DC Generators

Classification Of DC machines

2 laminated
armaiture core

seperat ﬂ; erltPrJ

! g é self cxcrtcd

EIIE wound Shun wound crwpourd wound

Tl

long shunt short shunt

+
8 UL

GO0666
i -+

>



Reference Book |jj

Reasons for failure of voltage building up of a DC generators

»  Défectivecontact of brusheswith commutator duetodirt, insufficient pressure,
tight brushes, dirty commutator, projectinginter ssgment micasetc.

* Highresistanceor opencircuitinthefield circuit, opencircuitin resistancein
regulator etc.

*  Lossof resdua magnetism.

Losses in a DC generator

2. DC Motors

An electric motor isamachinewhich convertselectrical energy into mechanical
energy.

It'sworking principleisthat whenever acurrent carrying conductor isplacedina
magnetic field, the conductor experiences a force which tends to move that
conductor. Thedirection of rotation of motor can be determined by Fleming's L eft
Hand rule,

Fleming's Left Hand Rule

It statesthat if we kept thefore finger, middlefinger and thumpb of theleft hand
mutua ly perpendicular to each other suchthat theforefinger representsthedirection
of magnetic flux, middlefinger representsthe current direction, then thethumb
indicatesthedirection of rotation of the conductor.

Classification of DC Motors
D.CMotorsaremainly classified as
1) Serieswound Generator

2)  Shuntwound Generator

3) Compoundwound Generator
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Necessity of Starters in DC motors

At starting, back e m,f of DC motor iszero. i.e., Eb=0. So armaturecurrent la=
E/Ra(Since, Eg=Eb+laRa). It indicatesthat starting current will bedangerously
high that it may equal to 5-6 timesitsload current (asarmatureresistance Rais
small). Henceitisnecessary to use starter to limit the starting current to alowable
lower value.

Initssimplest form, the starter of adc motor workslikeavariableresistancein
serieswiththearmaturecircuit. ltswork isto reduce the starting voltage so that the
increased current does not burnthearmature windings. Astherotating armature of
dc motor picksup speed, the Sarter resistanceisgradually reduced to almost zero.
At full speed themotor startsrunning normaly.

Application of dc motors
1. D.CShuntMotors

DC Shunt motor isaconstant speed motor. i.e., remain amost constant speed from
noloadtofull load. Itisusudly usedin;

* Lahes

e Drills

e Boingmills

e Shapers

e Spinningand Weaving machines.
2. D.C Seriesmotor

D,C, Seriesmotor hashigh starting torque It isavariable speed motor. Onno load,
themotor speed attainsdangeroudy high.

[tiscommonly usedin;
e Electrictraction

e  Cranes
+ Elevators
e Trolycar

3. D.C Compound motor
Differential compound motors are rarely used because of its poor torque

characterigtics.
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Thistype of motorsareusedin:

*  PressesShears

*  Reciprocating pump.

3. ACMOTORS

Classfication of ac.motors

According to the number of phasesA.C Motorsareclassifiedinto two
*  Singlephasemotor

*  Threephasemotor

Three Phase Induction Motors - construction

Three phaseinduction motors arecommonly used inindustria drives. It workson
the principleof induction and hencethe nameinduction motor.

Therearetwo typesof induction motors
e Squirrel Cagelnduction Motor

»  SipRingInduction Motor

AnAC motor has essentially two parts
a  Stationary part called Stator

b. Rotating part called Rotor

STATOR CONSTRUCTION

Both Squirrel Cage Induction Motor and Slip Ring Induction Motor have similar
stator construction. Thestator hasalaminated core on which dlotsarecut to carry
thewindings. Threedistributed windingswhichisstared internaly isplacedinthe
stator.

The number of pole of the stator is determined by the speed of the motor.

120f

Ns = ——
°~ p

Where Ns isthe synchronous speed

fisthefrequency of theAC supply
Pisthenumber of poles.

Asthenumber of polesincreasesthe speed decreases and asthe number of poles
decreases, the speed increases.
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ROTOR
Squirrel Cage Rotor

Thistypeof rotor hasacylindrical laminated coreon which dotsare provided
to carry thewindings. Here thewinding consistsof copper or aluminium bar
which arewelded together at both ends of therotor called end ringsand thus
creating the shape of acage. Themotorswhich usethistypeof rotor arecaled
squirrel cagemotors.

Rotor shaft

Short circuited Cu / Al
end ring

Laminated cylindrical

core Cu/Al Bar

Thedotsareusudly not pardld tothe shaft becauseitincreasestherotor resistance
duetoincreased length of rotor bar. Slightly skewed rotor dotsalsohelpinreducing
thelocking tendency of therotor.iethe tendency of arotor to remain in the stator
teeth dueto magnetic attraction. Thishel p themotor to run quietly.

Phase Wound Rotor / Slip Ring Rotor

L
Distnbuted % Slip Ring
Rotor Winding gz il
=
‘ 3

< i
f’ﬁ b%&

Therotor of adlip ringinduction motor or wound rotor motor hasalaminated core
onwhich dotsare provided to carry thethree phase distributed windingwhichis

AW

~
=

Starting resistance
(Extemal resistance)

starredinterndly likestator.
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Theother threeends of thewinding aretaken out and are connected to threeinsul ated
sliprings. A set of three carbon brushesrest onthe slip rings. Thesebrushesare
connected to threerheostats which area so star connected.

By adjusting therheostat we can adjust theresistance of therotor circuit externaly.
Thisisemployed during the starting period of the motor. Themotorswhich usethis
typeof rotor are called dip ring motors.

Comparison between Squirrel cageand Slip ring motor

Sl.No. | Particulars Squirrel cage SlipRing

1 Congtructionof rotor | Rotor conductorsare | Endsof rotor windings
shorted at theendsby| areconnectedto

endrings. diprings
2 Cost Cheap Costly
3 Effidency High Low
4 Startingtorque Low High
5 Maintenance cost Less More

Working of Three Phase Induction Motors

Theprincipleof working of 3 phaseinduction motor isMutua induction. Heresupply
isnot directly giventotherotor.

When thethree phase stator winding of aninduction motor isfed from athree phase
A.C supply, amagnetic flux isset up inthe stator windings. Thismagneticflux isof
constant magnitude but rotating round theair gap at synchronous speed (Ns).

Thisrotating magnetic flux passesthrough theair gap and cutstherotor conductors
which arestationary. Therefore an emf will beinduced intherotor conductors. As
therotor formsaclosed circuit, acurrent will flow and hence atorqueis produced
intherotor. Accordingto Lenz'slaw, theinduced e.m.f awaysopposesthe cause
which producesit. Herethe causeistherel ative speed between magnetic field and
therotor. Henceto reduce therel ative speed, the rotor start to rotate in the same
direction asthat of themagneticflux and triesto catch up therotating magneticfie d.

But therotor never catches up the speed of the rotating magnetic field and only
rotates at aspeed | essthan the synchronous speed.
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Production of rotating magnetic field
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Synchronous Speed (Ns)

Itisthe speed at which the magnetic flux produced by the stator magnetic poles of
aninduction motor isrotating.

The synchronous speed of amotor can beincreased by decreasing the number of
poles.

Slip

When three phase supply isgivento the stator of theinduction motor, amagnetic

field rotating at synchronous speed (Ns) is set up and dueto thistherotor starts
rotating at aspeed (Nr) whichisawayslessthan thesynchronousspeed.  (Nr<Ns)

Thedifference of synchronous speed (Ns) and rotor speed (Nr) iscalled asdlip of
themotor. Usually slip isexpressed in percentageand it iscalculated as

Ns— Nr

Importance of slip

If the dlip of an induction motor is zero, then there would be no relative speed
between magnetic field and therotor. Therefor the change of flux linking with the
rotor conductor iszero and hencethereisno rotor emf and no rotor current. Sono
torqueto maintain rotation. The motor will not rotate when the dip becomes zero.

Speed control of induction motor
e Squirre cagemotor

Inthe case of squirrel cage motor, thereisno external connection fromthe
rotor. So speed can be changed only by changing the number of polesof the
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120f

Ns = ——
Speed Ns 0

If the number of polesincreases, speed decreasesand viceversa.
Slip ring induction motor

In case of dlip ring induction motor, theresistance of therotor circuit can be
changed by adjusting the rheostat connected in serieswith it. So speed can be
adjusted by thismethod. Also by changing the number of polesof the stator,
the speed can bevaried.

Motor Starters

Functionsof astarter

a) Todstart and stop themotor

b) Tolimittheinrush (high starting) current where necessary
¢) Topermit automatic control when required

d) Toprotect themotor and other connected equi pment from over load, no volt-
age, under voltage, single phasing, and earth fault.

Star - Delta Starter LR |
I LI

[' S ] -

:::::

Circuit Diagram of Automatic Star-Delta Starter

Actud Connectiondiagram using Star deltastarter isusually used for starting three
phaseinduction motor with adeltaconnected stator winding. Thediagramisas
shown above.

At firgt thestator winding of themotor is star connected with the help of atwo way
switch. Asitisin star connection, phasevoltageisequa to linevoltagedivided by
(Vph=VL//3),areduced voltageisapplied to themotor during starting. Hence
the starting current will be reduced to 1/3rd of direct connection to supply. Asthe
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motor startsrunning the stator connection is put into deltaby means of atwo way
switch. Asin deltaconnectionlinevoltageisequa to phasevoltage (VL=Vph) and
hence normal linevoltageisapplied to the motor and motor runsat normal speed
taking normd current.

DOL Starter

Thisstarterisnormally used for motorsof rating upto 5 HP. Theinterna connection
of starter isasshown infigure. When the start button i s pressed the contact closes
and the el ectro magnet become magnetised and attractsmetallic stripsto short M1,
M2, M3toL1, L2, L3respectively through over |oad rel ease heating contact. The
auxiliary contact (C2) worksasaninter-lock. That iswhenthestart buttonisre eased
after pressing, the auxiliary contact passesthe current.

Dueto any reason (over load or single phasing etc.), if theload current increases,
the over load heating element becomes hot and the metal lic strip bendsand it open
theover load switch OLDC. Hencethecircuit of theno volt coil (NV C) becomes
open and the e ectro magnet demagneti sed and the metallic strip comesto the open
position. Thusthemotor windingsaredisconnected from the supply.

My l LCq zﬂ‘

L : : | ~ v | — Ly

= l | | I
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Stator winding oLCy 1
1wl I
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Single Phase Induction Motors
"Single phaseinduction motorsarenot self-starting”. Why?

When three phase supply isgiven to the stator winding of athree phaseinduction
motor, arotating magnetic field isproduced init dueto whichanemf isinduced in
therotor. Sinceit isaclosed circuit, rotor current flows which can produce the
rotating torque. So three phaseinduction motorsare self-gtarting.

Inthe case of single phaseinduction motor, when single phase supply isapplied to
single phase stator winding, only an alternating magnetic field isproduced which
cannot produceany rotating torquein therotor. Hence single phaseinduction motors

arenot self-starting.
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Split Phase Motor

Thistypeof motor istemporarily changed into two phaseduring starting period. The
stator of the motor hastwo winding - starting winding and running winding.

Running windingisdirectly connected acrossthe supply. Whilestartingwindingis
connected in serieswith an automatic switch & starting device. Runningwinding has
highinductance & low resistance. But starting winding hashigh resistance & low
inductance.

Capacitor Start Induction Motor (CSIR Motor )
|

o

Single phase Running Is

AC Supply c::q %\)iwinding i
i = |
Ir

Capacitor
Automatic

switch

Ir
Starting
winding Rator g Yector diagram

0

It issimilar to the construction of a split phase motor except that acapacitor is
connected in serieswith the starting winding and the automatic switch (centrifuga
switch).

Thedator hastwowinding- sartingwinding & runningwinding. Therunningwinding
whichishaving highinductanceand low resistanceisdirectly connected acrossthe
supply whilegtarting winding whichishaving high resistanceand low inductanceis
connected in serieswith an automatic switch and a capacitor. When the motor is
running at normal speed, the switch automaticaly disconnectsthe starting winding
and the capacitor from the supply line.

When themotor is switched ON, the switch connectsthe running winding a ong
with thegtarting winding and the capacitor. The current through therunning winding
(Ir) lagsthe gpplied voltage by alarge angle and current through the starting winding
(Is) leadsthevoltage by asmall angle. Hence aphase difference of aimost 900is
obtai ned herewhich can producearotating magneticfield in theair gap and hence
ane.m.f. will beinduced in therotor conductors. Sincetherotor conductorsforma
closed path, acurrent flowsthrough it and hence atorqueis produced intherotor.
Thusthemotor startsworking.
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Thistypeof motor hasahigh starting torque, high efficiency and high power factor.
Thistypeof motor isusedinlathe, drilling machineetc.

Permanent Split Capacitor Motor (PSC Motor )

Is IR Vector diagram
e Js
arting
winding % Rotor = e
— [ 3 - C‘*} \;
Single phase f - %)}Runnmg —
AC Supply C‘-‘} [ C:)} 'mndlng IR
= =
& =% &,
T
<e
Capacitor \
.:t)z

Itissmilar tothat of aCSIR motor except that the capacitor and thestartingwinding
are permanently connected across the supply. So thereisno need of switch. Itis
usedintablefan, cellingfanetc.

The stator hastwo windings - starting winding and running winding. Therunning
winding has high inductance and low resistance. The starting winding has high
resistanceand low inductance.

When the motor isswitched ON, the current through the running winding (Ir) lags
the applied voltage by alarge angleand current through the starting winding (1)
leadsthevoltage by asmall angle. Henceaphasedifference of dmost 900 isobtained
herewhich can produce arotating magneticfield intheair gap and henceane.m.f.
will beinduced in therotor conductors. Sincetherotor conductorsform aclosed
path, acurrent flowsthrough it and hence atorqueis produced in therotor.

In thistype of motors, acapacitor of low capacitance are used and henceit hasa
mediumtorque.

Shaded Pole Motor (Phase Shift Motor)

In shaded polemotor, the necessary phase splittingis produced by induction. It has
asalient pole (projected ) stator and asquirrel cagerotor. Thestator field windings
are connected in series as shown in shaded pole

figure. Each laminated stator pole has //_><

acut acrossit (at about }érd ddistance  single phase

ac supply

from one edge). A short circuited N
copper coil isplaced aroundthesmdler
portionasinthefigure.

rotor

shaded coil
(short cirewated

cu coil)
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Working

When thesingle phase supply isapplied to thefield winding of themotor, amagnetic
fieldisset up inthecore. Themagnetic axisis shifted from the unshaded portion to
the shaded portion of each pole. It isequivaent to an actua shifting of magnetic
poles. Hence an emf isinduced in the rotor according to Faraday's laws. So a
current flowsthrough it and atorqueisproduced which will maketherotor to rotate
inthesamedirection (accordingto lenz'slaw). So themotor isself starting. Though
themotor ischeap, itisusedin el ectric clock, small fan etc.

Universal motor

Stator field JFETI Stator field
winding -" \\ winging
W h (/bi | ll—# Armature I—‘ \I Y\ {UI ]—

(TAVAVAVLVAVAY
\\

\'"‘\..,__._,/', F

Single phase AC
or

DC Supply

A universal motor isamotor which can operate either on DC or AC single phase
supply. Itisasoknown asA.C Seriesmotor. Thestator of thismotor hastwo sdient
poleswith alaminated coreto reduce eddy current loss. Rotor isa so laminated and
thewindingsare placed inthedots. Therotor windingisconnectedin serieswiththe
stator field winding as shown in figure . When thesupply isgiven, (ACor DC) a
magnetic field isproduced in the stator windings and at the sametimetherotor
conductors carriesacurrent. Hencetherotor startsrotating (whenever acurrent
carrying conductor isplacedinamagneticfid d, atorqueisproducedinthat conductor).
Themotor always producesuni-directiona torque. Thedirection of rotation can be
changed by inter changing thefield connections. Universal motor isusedin hair
drier, kitchen gppliances, sawing machinemotor, vacuum cleaner, mixer grinder etc.

BRUSHLESS D.C MOTOR

Brushless DC motors are high-power motor which can deliver large amounts of
torque over a range of speeds. BLDC motors are electronically commutated
constantly changing thewaveformsbeing delivered to awound stator. Brushless
motorswith an outer rotor tend to operate at |ower speeds and have high output
torque. Thosewith aninner rotor havelower rotor inertiaand therefore higher
output speed.
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Commutator helpsin achieving unidirectional torque in atypical D.C motor.
Commutator and brush arrangement is eliminated in a brushless dc motor. An
integrated inverter / switching circuit areused to achieve unidirectiona torque. That
iIswhy these motors are, sometimes, a so referred as ‘el ectronically commutated
motors.

Construction of a BLDC Motor

Just like any other electric motor, a BLDC motor also has a stator and arotor.
Permanent magnetsaremounted on therotor of aBLDC motor, and stator iswound
with specific number of poles. Thisisthebasic constructiona differencebetweena
brushlessmotor and atypical dc motor.

There can betwo typesof BLDC motor onthebasisof construction: (i) inner rotor
design & (ii) outer rotor design.
Advantages of BLDC motors
include: responsiveness, quick
acceleration, reliability, long life
spans, high speed operation and a
high power density. You can find
brushlessDC motorsin applications
likemedicd equipment, coolingfans,
cordlesspower tools, turntablesand
autometion equipment.

Working Principle

Stator windings of aBLDC motor are connected to acontrol circuit (an integrated
switching circuit). Thecontrol circuit energizesproper winding at proper time, ina
pattern which rotates around the stator. The rotor magnet triesto align with the
energized e ectromagnet of the stator, and assoon asit digns, the next e ectromagnet
isenergized. Thustherotor kegpsrunning.

Stepper Motors

Stepper motorsare brushless DC motorsthat divideafull rotation into anumber of
equal steps. Instead of continuoudly rotating, astep motor rotatesin stepped angles.
Hybrid stepper motors have a magnet-bearing shaft that's surrounded by an
electromagnetic stator. When it'senergized, thestator dignsitsd f with therotor and
rotatesthemotor. Themotor makessmal movements, or steps, that keep it positioned
accurately and synchronized with the magnetic field produced. Stepper motor
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varietiesinclude: permanent magnet stepper, variabl e rel uctance stepper hybrid
stepper, and permanent magnet stepper

Brushless Vs. Brushed DC Motor

Brushesrequirefrequent replacement dueto mechanica wear; hence, abrushed
DC motor requires periodic maintenance. Also, asbrushestransfer current to
thecommutator, sparking occurs. Brushes|imit the maximum speed and num-
ber of polesthe armature can have. These al drawbacks areremoved ina
brushless DC motor. Electronic control circuitisrequiredinabrushlessDC
motor for switching stator magnetsto keep the motor running. Thismakesa
BLDC motor potentialy lessrugged.

Advantages of BLDC motor over brushed motorsare: increased efficiency,
reliability, longer lifetime, no sparking and less noise, moretorque per weight
etc.

TE Questions

Single phaseinduction motorsarenot self starting. Why?

"A CSIR motor isnot working even after switched ON." List the possible
faultsand remedies.
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Unit - 2
Servicing of Common Home Appliances
Introduction

Thismodulecons stsof identification of parts, working, fault finding and repairing of
common home appliancessuch aselectriciron, water heater, cellingfan, pedestal
fan, mixer grinder, wet grinder and washing machines. Thisunit also explainsthe
installation, precautions, working and servicing of water pumps.

Learning Outcomes

*  Carryout servicing of Electriciron and water heater.

e Caryoutsarvicing& repair of cellingfan, Wall mount/Pedestd fan.
e Carryout servicing& repair of Electric Mixer.

e Carryout servicing& repair of Wet Grinder.

e Carryout servicing& repair of Washing Machine.

e Ingdl and maintain water pump.

Concepts Detailing

Thereare many typesof domestic appliances, which arebeing used, in day-to-day
life. Theworking and servicing procedure of some of thecommonly used domestic
appliancessuch asd ectriciron,waterhester, fan, mixy, wet grinder, washing machines
and water pump aregiven.

Electric Iron

Electriclronsare used for ironing garments. There aretwo types- Non automatic
andAutomatic A

Non Automatic Iron

<
N

- EboniteHandle ﬁﬁ
-  Bemet :

Soleplate .
- Supplycord
- Pressureplate Element
. Case *ﬂlIIIIIIIIIIIIIIIIIIIIIII—
NonAutomaticlronhasachromium  plated base plate, micacovered nichnrome
hesting e ement, pressure plate on heeting & ement, asbestos sheet, chromium plated
case, ebonite handleand termina base. Thebase plate (soleplate) of theironisheat
up. Thedement will not comein contact with air and thereislesschancefor burning.

TmMmoOO W >

Theiron should beearthed well.
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The power of heating element ranges from 450 wattsto 1000 watts. Thereisa
chancefor over heating of heating of element, asthereisno thermal control. The
element isfitted between sole plate and pressure platetightly to prevent air contact.
Handleismadeof heat resistant materia. Porcelain beadsare used at the connecting
| eads between the cord and element asa protective measure.

Automatic Iron

_ F 1 &

A - EboniteHandle

B - Indi cator “Ere X B
c - Element o(——1

D - Soleplate D |

E - Bimetdlicthermogtat

F - Temperature control knob

Inan automaticiron, abimetal thermostat isfitted to adjust the temperature for
different clothes. At the desired temperaturethethermostat opens and cutsoff the
supply. When cooled, it resetsautomaticaly. Anindicator lampistherewhich glows
whenthehegtingelementison.

Themain partsin an automaticironissimilar to that in non-automaticiron. The

additiona partsinclude, athermostat control andindicator lamp. Thereisno pressure

plate. Element ismade by fixing the nichromewire surrounded by porcelain powder
insideameta tube. Sometimesthee ement isfixed inthe base plate.

The power of the heating element ranges from 750 to 1000 watts. Indicator is

connectedin pardld withthee ement. If thebottom of the sole plateisteflon coated,

theironiscalled non stick type.

Servicing

e Ironnotworking
The cord wire defective. Removethe cover of thethree pintop and check the
continuity of thethreewires. Changethecord if defective.

*  Thermostat isnot making contact. Dismantletheiron and check by shorting the
thermodtat. If the contact is defective clean using emery paper or replaceit.

*  Elementisburnt. Dismantletheiron and connect the supply to theendsof the
element. If thereis spark when connecting and if theelement isheating up, itis
not defective. If the element isdefective, changeit if replaceable.

*  Thereisshock ontheiron body
Check the earthing and shorted wires.
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e Ironisgtickingonthegarments

Iron bottom isdirty. Clean using emery paper.
* Ironisworking, but theindicator do not glow.

Check and repair theindicator bulb and its connections.
*  Fuseblown off assoon astheironisswitched on.

Check for touching of wireendsinthe plug top or touching of elementsends
together. If so separate and insulatethem.
Check the capacity of thefuse. If it isof low capacity replaceit with correct

one.
WATER HEATER
Parts of Water heater
A - Lidbush
B - Outer body
c - Inner tank
DL - Outlet
E - Glasswool
F - Heating e ement shegth
- Element
HM - Inlet
I - Sheeth
J - Thermostat
K - Dranplug
N - Door plate
o - Pressurevacuumreleasevalve
P - Packing

Water heatersare used to heat water for bath and other purposes.

Theinner tank of the heater is made of hard and thick copper and outer caseis
made of iron sheet or fibre. Between these a heat insulator (glass wool or poly
urethanefoam) isfilled.

Door plateisfitted at the bottom of theinner tank with rubber packing aboveit.
Sheathsfor thermostat and heating element and inlet - outl et pipesare connected to
the door plate.
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Thermostat whichisfitted insidethe sheathisoperated by theexpansion of metals
when heated. By opening the cover below the heater, screw at the bottom of the
thermostat can be adjusted for the required temperature of water.

Thewattage of the element rangesfrom 1000Wto 3000W.The elementsarefitted
insidesheath or directly in water with packing.

Pressure release valve is connected to the water inlet pipe. If the thermostat is
defective, heater el ement will be energised continuoudy and water changesto high
pressure steam, which may result in explosion of theinner tank. To prevent the
explosion, pressurere easevalve opensthistime and alow high pressuresteam to
pass out.

Pressure come vacuum rel ease valve al so be used sometimes. Thisisto prevent
contraction of inner tank when vacuumiscreated inside. When thereisvacuumthe
valve opensinward to alow outsideair to enter and when thereishigh pressureit
opensoutwards.

Sarvicng

1. Heaterisnot working.

If thereispower supply inthe plug and the service cord isnot defective, ther-
mal cut out or thermostat isfaulty. Test by shorting each and changethe defec-
tive. If thermostat isnot cutting off thermal cut out may open. Reset thetherma
cut out after cooling.

If thereisno spark when the supply wirestouching the heating el ement termi-
nalsdirectly, it isdefective. Replacethe e ement with same power.

2.  Water isnot heatingwe | andindicator glowscontinuously.

Element isweak. If thecurrent drawn by theelementislow it isweak. Change
it.

3. Indicator goesoff beforewater isheatingwell.

Thermodtat  iscutting off. Adjust its screw for the higher temperature.

4. High pressuresteamforcesout, openingthe pressurereleasevalve.
Thermostat isnot cutting off and water changesto high pressure ssleam. Change
thethermostat.

5.  Water leakagethrough inner tank.

L eakage may bethrough the packing bel ow the element, doorplate packing,
element sheath, thermostat sheath. If theleak isthrough packing, changeit. If
theleakageisthrough element or thermostat sheath, weld that point after re-
moving door plate. If theleak isthrough the sheath of open coil element, the
element also may be damaged. Check it and repair.
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6. Thereiselectric shock ontheheater body
Check the earthing. The body should be connected to the earth pin and power
supply should be connected to earth.
Wiresarewet because of theleakage of inner tank. Check and repair.
ELECTRIC FAN

Ceiling Fan

Thedectricfanisoneof themost common househol d gppliances, whichisdesigned
tocirculatetheair withinaroom. Usualy there aretwo typesof fansused in homes
such astablefansand ceiling fans, the construction and working principlearemore
or lesssame. A Faninitssmplest form consistsof asmall single-phase permanent
capacitor typeinduction motor having threeor four impel ler likebladesmounted on
itsshaft. Capacitor isof type 2to 2.5 microfarad 450V. Thefansare specified by
stating the sweep and the power rating. Theaverage power consumption of amedium
sizefanrangesfrom 60to 100 watts. Thefanisfactory wired for the correct rotation
and only changing the connection of ether the starting winding or themain winding
can changethedirection of rotation. A resistancetypeor an el ectronic regulator can
be used to control the speed of afan. The regulator and ON/ OFF switch are
connectedin serieswiththe phaseline

tothefanmotor. Neutrd lineisdirectly il e | TTH.
connected to thefan. \ S
Themain partsof aceiling fanarea ol

P.S.C motor, top and bottom canopy, "
blades, hanging rod and two ball —

bearings. The motor has stator and
rotor windings, therotating partiscaled
asthe rotor (outer winding) and the
stationary part is called stator or
armature (inner winding), which is
mounted on the shaft. For overhauling
of ceiling fan, wash out thebearingin
keroseneoil or petrol. Seethat they may rotate easily and apply proper greasein
bearings. Removethedust of winding by blowingair onit and clean al the parts.
Precautions

EEEEEEEEEEEEEEE

H-BOTTOM CANOPY
- TOP CANOPY
J-HANGING ROD

1 Donotoperateat low voltage.
2 Switchonthefanonly at 'low speed' and thenincreasethe speed step by step.

3 Lubricatethebearingsperiodically with grease.
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Servicing of Ceiling Fan

Trouble Cause Remedy
Fan 'dead' a) Open circuit in the|a) Check and repair if
regulator. defective.
b) Common lead broken. | b) Check and rewire.
¢) Switch trouble. ¢) Repair or replace.
d) Faulty Capacitor. d) Check and replace if

defective.

Fan rotates with rough
sound.

a) Defective bearings.
b) Incorrect alignment of
blades.

a) Replace the bearing.
b) Align the blades properly.

Fan rotates but slow

a) Under voltage.
b) Weak Capacitor.

¢) Burnt winding.

a) Check

b) Check the capacitor by
connecting to a.c supply
and replace if defective.

¢) Check and rewind

€lectronic regulator

Fan 'hums a) Faulty Capacitor. a) Check the capacitor by
connecting to a.c supply
b) Stuck bearings. and replace if defective.
¢) Burnt winding. b) Check and apply grease
or replace.
¢) Check and rewind.
Fan gets no speed a) Regulator resistance |a) Replace the regulator
regulation shorted or Faulty [  resistance or Regulator.

Fanvibrateswhile
working.

a) Incorrect alignment of
blades.

a) Alignthe blades properly.

Fan rotatesslow in
reversedirection

a) Faulty Capacitor
b) Reversed connection

a) Check and replace.
b) Check and rewire.

Electric shock on thefan
body.

a) Barelivewirein contact
with the metal body of
fan.

a) Test with seriestest lamp
set for ground. Locate
the defective wiring and

repair.

Pedestal Fan

Therearetwo windingsfor thisPSC motor. Mainwindingis
directly connected to the supply lines. A running capacitor
of 2 or 2.5 MFdis connected in serieswith the auxiliary
winding. Capacitor, switch and resistance arefitted inside
thefan stand. Motor operatesat ahigh speed. If one of the
supply linesis connected through the resi stance, fan speed

decreases.
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For sidewiseoscillation of thefan, agear mechanismisfitted at theback of thefan
motor. Whenthebuttonis pressed, themetd ball fitted on the stem at the bottomis
locked at the centre of therotating toothed whedl. Thus, stem a so rotates, moving
thefan both sides alternatively. M otor shaft rotatesinsidethetwo brush bearings
made of gun metal. Two small holesare provided on the motor body for oiling these
bush bearings.

InCeiling fans, therotor surroundsthestator and it rotatesin the counter-clockwise
direction. Where asin a pedestal fan, the rotor is placed outside the stator and
movesin clockwisedirection. The congtruction and working of wall mount fanis
similar to that of pedesta fan except the stand.

Electric Mixer (Mixy) "1 . )
Theelectrically operatedfood mixer (Mixy) g g
isamost useful Kitchen applianceused to —t priciodl
perform numerousmixingandfood grinding Gtas e f e = B
process. It consists of a base or speed et Rim. ' S

regulated electricmotor, bladesandabowl s S
withlidinwhichthefoodtobeprocessed .~ | cumy cou /7 G s
isplaced. Afanisfittedontheshafttocool & ¥ g, 0

Fig. 4.9 Parts of Mixer Grinder

themotor windings.

Themotor usedisauniversa motor of high speed (about18000 rpm) andisfixedin
such away that itsshaft isbrought out vertically and compiled tothe bladesthat are
inside abow! with suitable rubber couplers. The bowl and blades are made of
stainlessstedl and thelid with transparent hard plastic.

Theaoperation of mixer canbeunderstoodinthisway. Different fruitsor liquid products
are put inthebowl! and covered with thelid. When the supply isswitched ON, the
motor rotates at high speed and the bl ades attached with the shaft moves very fast
and grind the fruitsand mix theliquid products. The speed of the motor can be
controlled with switch knob and normally 3speeds such aslow, medium and high
areavalable.

If the mixer isoperated by putting more materialsor at low voltage, motor draws
over current, then over load protector open the contact to prevent the damage of
windings. After tripping the over load, alows sometimeto cool and then reset by
pushing theover load button to put ON the mixer again. Thenormal power rating of
amixer is500 to 750 Watts.

Precautions

1. Donot operateat low voltage/noload

2. Donotfill moremateridsinthejar.
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3. Donot operate continuoudly.
4. Switchonthemixy at 'low speed' position only thenincrease speed.

5. Putonthemixy only after placingthejar correctly inthelocked position.
Trouble shooting chart of mixy

~\

Trouble Cause Remedy
1. Mixyisnot working - |Over load protector cut 'off'| Reset the over load
nonoise Brushisstuck atthedot |protector switch or
Brushes are worn|replaceif defective.
completely Take out the brush clean
Broken connectingwires |and reset
Removeand replacewith
samesizebrushes.

Check and rewire.

2. Mixyisnotworking but
hums

Overload

Stuck rotor shaft
Burntwinding
Defectivebearing

Check and remove the
over load

Clean and lubricate the
bush bearing and check
Dismantle, check and
rewind.

Check and replace.

3.Mixy rotates very
dowly and sparking at
brushes

Burntwinding

Check andrewindif burnt.

4. Mixy operates only
when therotor isin a

Rotor winding connections
are broken from some of

Take out therotor, check
and rewindif burnt

particular position therotor segments.

5. Mixy humsonly, when |Jar stem stuck inthebush | Take out the stem, clean,
thejarisplaced Stemislooseinthejar. | lubricatesreset.

6. Water lekingfromthe Either changethebush or
bottom of thejar gem.

7.Mixy makes Noise |Jar bushisworn. Changethe bush bearing.
during operation. Motor bush bearing is| Changethebush.
a) Withjar worn.
b) Without jar

8. Operator receives
shock

.

Bare live wire in contact
withthe body

Check with series test
lamp, locatetheearth fault
andrewire.

J
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Wet grinder
Thewet grinder isused to grind wet materials.

ADJUSTABLE DIVERTER
BEARING

GRINDING
STONE

e
"Ei:“ VERTICAL STAND

wﬁ & CHAIN

GRINDER STONE
STAND

—

3 PIN PLUG
MOTOR

PULLEY
DRIVE
WHEEL

‘— BELT (A38 OR A39)

Themain part of awet grinder area. C.S.1.R motor of 0.2t0 0.5 H.P capacity two
vessd typestones, pullies, bearings, belt and one stopper plate. Theinduction motor
ismounted vertically, but restson aball bearing through ashaft, which iscapable of
rotating. Therotation of the stone vessel isachieved by coupling to theinduction
motor by abelt. Thetension of thebelt can be adjusted. Thegrinder motor, pullies
and belt are enclosed in a case made of plywood, fiber or steel. Theroller type
stoneissuspended andisresting on thegroove of thevessd type stone. Thematerid

tobegrindedisplacedinthevessel typestoneand aswhenit rotatesthe material is
grinded. Mogt of thegrindersoperatein clockwisedirection and whenthedirection
of rotation changesgrinding will not bepossible. For grinding more materialsat a
timeand to prevent over heating of motor, itisgood to usemotor with higher rating.

Trouble Shootong and Servicing of Wet Grinder

Trouble ProbableCause Remedies )
1. Grinder isnotworking |No power supply or no|Check the plug, motor
voltagesupply availableat | switchandwiringtolocate
themotor. any opencircuit and then
rectifyit.
2. Motor 'hums and fuse |Faulty capacitor Check and replace
blown off after starting |Faulty centrifugal switch | Check, repair or replace
Burnt motor winding Check and rewind
Stucked motor shaft inthe| Clean the parts, apply
bearing grease and makefree
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Trouble Probable Cause Remedies
3. Grinder speedislow  [Low voltage Check and rectify
Loose belt Adjust thetension of the
Motor shaft is not freely|belt or replace
moving Dismantle and apply
Motor winding burnt grease
Check thewindings after

dismantling themotor and
rewindif required

4. Grinder makes noise [Worn bearings Check and replace
whileworking
5. Operator receives |Bare live wire in contact| Check for earth fault with
shock withthebody of thegrinder | seriestest lamp locate the
faultandrepair it.
6. Machineisworkingbut | Stonesare smooth Make the stones rough
not grindingwell Low speed due to loose|usingspecia chisd.
belt Adjust thebelt tension or

replace belt.

J

Tilting Type Wet Grinder

Taking out of grinded materialsfrom the ordinary grinder isdifficult. Washing and
cleaning of thistypeof grinder dsoisnot easy so now aday tilting typewet grinders
areused. Inthistypeof grinder the bottom vessel can betilted forward or backward
completely thereforetaking out themateria and cleaningiseasy.

Themotor usedis CSIR/PSC type 0.2 and 0.3hp. It consists of acircul ar shaped
vessal of fiber with agrinding bottom stone. Two or threeroller shaped stonesare
mounted on thetop of the shaft inside the vessel and passing through theoil seal
flitted at the center of the bottom stone. Thewet material tobegrindedisplacedin
thevessd andthevessd rotatessmilar tothat of anordinary grinder. Oil sedl prevents
theleakage of water and other liquids. In addition to thefaultsof an ordinary grinder,
tilting type-wet grinder hasthefollowing faultsal so.

*  Whentheswitchisput onmotor not works but hums- this may be because of
the over tightened stones. For checking this, removethe belt and check the
working of motor only. If working with normal current, repair the stuck stones.

*  Water isleaking down from the machine-. Thismay dueto the defective oil

replacing oil sedl, useoil sedl of samenumber and similar bush.

seal and bush bearing. In such case, change oil seal and bush hearing. While
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Precautions of wet grinder

1 Excessmaterialsshould not be putinsidethe grinder.

2. Sufficient water should be added to thematerialswhilegrinding.
3. Grinder should not be operated on low voltage.

4. Always connect thewet grinder to 15A plug socket.
Washing Machines

Washing machines are used for washing and drying clothes. According to the
operation methods, generally thereare twin tub semiautomatic and singletub fully
automatic washing machine.

Double tub semiautomatic washing machine

In doubl e tub washing machines, two separatetubsare used for washing and drying.
Washtub isused for bothwashing and rinsing. Spintubor drier tubisused for drying
and ismounted directly on apermanent split capacitor typeinduction motor. The
time of wash/rinse operation can be controlled automatically with thehelp of a‘'wash
timer' switch. But after each wash/rinse operation wastewater hasto bedrain out
and fresh water hasto befilled with thetub manually.

After completing theringng, thecd othesareputsinto thedrier tub manually. Thewet
clothesarerotated at high speed in thistub and the water particlesfrom the wet
clothes splashes out by centrifugal force. Thiswater then drainsout through the
draintube. Thedrying operation can be controlled automatically for apreset time by
adjusting thedrier timer switch. Alid switchisprovidedin thistub. Sothat whenthe
lid of thespin tubisopened, lid switch contactsbreak the e ectrical circuit and soon
dryer tub stops. Thisisto avoid danger of taking clothesfromthefast rotating spin
tub. Sincethemotor pulleyissmaller thantheimpd ler pulley, impeller speedisless
than the motor speed.

. . . ter Level  TIMer
Fully automatic washing machine e ol Conol

Water

Infully automaticwashing machinebothewashing &
and drying aredonein thesametub. After loading
the machinewith clothesand astheswitchisput
ON, timer automatically changesitscontactsfor a
seriesof operationssuch asfillingwater fromthe
water supply line, washing by the rotation of
impeller, draining out thewastewater fromthetub

Transmission

5

Water
b Wi Hose
Assembly Pum
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through thedrain pipeand drying. During washing and rinsing only impeller rotates
and during drying thewhole spintub rotates.

Thereisasoalid switch and awater level switch. By adjustingwater level switch,
the quantity of water filling each timecan be adjusted. For controlling the operation
of tub andimpeller and for opening the drain valve, an electromagnet or solenoid

valveisused.

Servicing and Troubleshooting of Washing Machine

Trouble

Probable Cause

Remedies

1. Wash motor is not
operdingbut "hums'

Impdl ler shaft stuck inside
thebush bearing

Worn bush bearing.

Burnt motor winding.
Defective capacitor.
Thick, heavy or tight belt

Remove the belt, check
cdeanandail thepulley and
ghaft.

Check after dismantling
and replaceif defective.
Rewindif burnt

Test the capacitor, and
replace with same
capacity

Adjust thebdt. If the belt
isdefective, usethebelt of
samethickness.

2. Water isleaking from
the wash tub near the
impeller shaft

Defectiveoil sea or worn
bush bearing

Remove the pulley from
the shaft, take out the
plastic or metal case in
which oil seal or bush
bearing isfitted. Change
the completeassembly or
replace the bush bearing
or oil sed refit carefully; fill
thetubwith water, operate
the motor and check the
leak.

3. Water leaks out from
the washtub through
Dainpipe.

\

Drainvaveisdirty or torn

Removethecover of drain
valveand clean or change
therubber bellows.

J/
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Trouble ProbableCause Remedies
4. Water is not draining |Darinvavecableisbroken| Repair or changethecable
out, when drain valve |or defective
knobisturnedto'drain
'pogtion
5. Impeller operateswith |Worn bush bearing Check and replace
highnoise Loose screw of impeller[Check and tighten the
pulley screw
6. Impeller is operating |Washtimer isstuck and not| Clean, repair or replacethe
only in one direction |changingthecontact timer
continuoudy
7. Impéeller rotatesslowly |Loosebelt Adjust the motor for
Burntwinding correct belt tension or

changebelt.

Dismantle the motor,
check the windings,
rewindif required.

8. Spin tub not working
even no humming
sound produced.

Lid switch not making
contact
Timer isnot making contact

Open the panel plateand
test by shorting the lid
switch

Test by shorting twowires
fromtimer. If soinmotor is
working now timer is
defective- repair or
replace.

9. Spinmotor humswhen
putting 'ON'

Defective cgpacitor
Burnt motor winding.
Worn motor bush bearings

Test the capacitor and
changewith same capacity
Dismantle the motor,
check the windings and
rewind
Changethebearings

10. Electric shock onthe
machine body

.

Bare live wire in contact
with themachine body

Test for earth fault with
series test lamp. Locate
thefaultandrepair it.

Precautions.

1. Donot operateonlow voltages.
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Maintain sufficient water level insdethetub.

Do not openthelid whilethe machineisoperating.

Do not overload the machine.

Do not operatethe machinewithout filling water insidethetub.

o g b~ WD

Do not put hard materialssuch ascoinsmeta piecesect.c. insidethewashing
meachine
Assessment activities

1. Practical work onfaultidentification, repairing and servicing of common appli-
ances.
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Unit-3 Engineering Graphics:
Introduction

Engineering Graphicsisthelanguage of Engineers. Thepurposeof thisunitistogive
the basi cs of engineering sketching and drawing. Wewill treat " sketching” and
"drawing" asone. " Sketching' generdly meansfreehand drawing. "Drawing” usudly
means using drawing instruments, from compassesto computersto bring precison
tothedrawings.

Learning Outcomes

*  Understand theimportance of engineering graphics

*  Recognisetheuseof drawinginstruments, standards, symbolsetc.

*  Appreciatethelettering, numbering, dimensioning.

*  Recognisegeometric construction & Scales.

e Understand the projectionsof points,lines& planes

*  Explantheprinciplesof orthographic projectionwith smple sketches.
*  Appreciatethesectiona viewsof objects.

e Appreciatetheauxiliary viewsof objects.

e Identify thepictoria drawingsof variousobjects

»  Sketchtheorthographicviewsof smpleobjectsfromitspictoria drawing.
e Redlizeconcept of development of surfaceslikecylinder and pyramid.
e Familiarisecomputer aided drafting & Electrical Auto CAD.
Concept Detailing

Importance of Engineering graphics

Theknowledgeof Engineering Graphicsisuseful toboth scientist aswell asEnginears.
Engineering graphicsisaset of rulesand guiddinesthat helpto crestean engineering
drawing. Itisagraphica languagethat communicatesideasand information from
one mind to another. One of the best waysto communicate one'sideasisthrough
someform of pictureor drawing. Thisisespecialy truefor theengineer.

Drawing Instruments

Drawing Indrumentsareused to preparedrawingsaccurately and eesily. Theaccuracy
and quality of drawing depends onthe accuracy and qudity of drawing instruments.
Thefollowing arethe commonly used materia sand toolsin engineering drawing.
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Basic Tools and materials

»  Drawing board, Drawing paper, pencil, eraser, Drawing ping/ tape, Clips,
Dugter.

*  T-Sguareand Set Square, Mini drafter, Scales, Dividersand Protractor.
»  Compeass, French curvesand Templates
T-SQUARE PROTRACTOR

SET SQUARE

‘\9{]' 45

45°Set square
COMPASS
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FRENCH CURVE Drafting machine

A drafting machineisadevicewhichismounted to the drawing board. It hasrulers
whose angles can be preci saly adjusted with acontrolling mechanism. Thereare
two maintypesof gpparatus. an arm-type parallel ogram apparatus based on ahinged
arm; and atrack-type apparatus which moves on arail mounted to thetop of the
drawing board. Small drafting machines(mini drafters) are commonly used.
Rulers

Rulersaso caled Architect'sscaleused intechnical drawing are
usualy madeof polystyrene. Itisavallableintwo typesaccording
to the design of their edge as (1) Straight edge and grooved
edge.

Drawing sheet Dimensions

SIZE (Designation) | Dimensionsin mm
AO 841 X 1189
Al 594 X 841
A2 420 X 594
A3 297 X 420
A4 210 X 297

Drawing sheet Lay out and Title block

A2 Sheet \

o] Jo-

~ Border
Line

Drawing / Working area

Filing Margin

Title
Block i IR
ALL DIMENSIONS 15 MM

‘ NAME DRAWTNG TITLE

ROLL NO:

6]5 SECTION @ :ﬂi

COLLEGE
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BIS Codes relevant to Engineering Drawing

No

BIS/ISO Code

Area of Standardisation

=)

Sl B

o

1S:9609-1983 from ISO: 3098/1-1974(E)
IS:10711-1983 from ISQ: 5457-1980

15:10713-1983

18:10714-1983 from ISO: 128-1982(E)
I5:10718-1983 from ISO/DIS:129

18:11664-1986

18:11665-1985
18:11669-1986

Lettering for Technical Drawings

Drawing sheets (Sizes and layouts etc)

Scales for use on Technical Drawing.

General principles of presentation of drawings-Lines

Methods of Dimensioning and Tolerancing of
Technical Drawing.

Folding of Drawing Sheets.
Technical Drawings - Title Blocks.

General principles of Dimensioning for
Technical Drawing.

Folding of drawing sheets

Folding of Drawing Sheets
Following table illustrates the folding of various sizes of drawing sheet (AD, AL, A2, A3}
Sheet Lengthwise Cross
Size Folding Diagram Folding Folding
R ey || DS
139, 210 210 710 210 219 |
X e
H41X 1189
P
EEEE
1.1 e
441 -
[T
AT - |
594 X 841 ol o 4 j§
) Bl 3 =
S .
04310 __ aw
A2 5
1eain d
420 X 594 f |
I Bl /
TR
a2
] Nao eross
A 3 B: b [olding
] ?
297X 420 ! e
g |sock | §
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Lettering and Dimensioning

Writing of titles, dimensi ons, notesand other important particularsonadrawingis
called lettering. Lettering can be donein different ways such ashand lettering,
mechanical |ettering etc. Mechanical lettering can be done using typewriter or
computer.

Dimensonisanumerica vaueexpressed in gppropriate units of measurement and
marked on adrawing with lines, symbol sand notes. The dimensionwithout any unit
isconsgderedin'mm’. Thedementsof dimens oningareprojectionlineor extension
line, dimensionline, leader lineand arrowheads. Projection lineisathin, dark, solid
linethat extendsfrom apoint onthedrawingtowhichadimensonrefers. Adimension
lineisathinlinethat showswhere ameasurement beginsand whereit ends. The
dimensionlineshould haveabreak init for thedimension numbers. Dimensionline
should beat least 10mm fromthelinesof thedrawing. Leader linesarethinlines
drawn from anote or adimension to the place whereit applies. Arrowheads are
used at theends of thedimension lines. They show whereadimension beginsand
ends.

Points To Be Considered In Dimensioning

e Eachdrawing shdl usethesameunit for dl dimensions.

*  Longextensionlineshould beavoided.

*  Donot crossadimensionlinewith another line.

*  Eachfeatureof the object shall bedimensioned only onceon adrawing.

*  All dimensionswhich are necessary to define an object or component must be
clearly marked on the drawing.

*  Dimensionlinesareplaced outs dethedrawingsexcept in specia caseswhere
markinginsidethedrawingisreadable.

* Ingenerd, dimensionsshould be placed outsidetheview outline.
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Dimension Basic Terminology

1
B | -
HE L~
il - 2
] _.....5;- 3
—17s—] ] ! “
- 5
' B L]
f2s

Cimension (Bossc dmension volue)

Cimensicn line (minimum 10 mm distonce)

Terminaticn symba! (arrowheod)
Extension line (note visibie gop)
Rodius symbol (R)

Leoder Ene (rodio’)

Diameter symbol (@)

Center line (no gop)

Not 1o scols

Relerence dmension

Lig

-]-—l?ﬂw

LINES

In engineering drawing, different typesof linesare used to describedifferent objects.

Thefollowing are someof thecommonly used lines.

S e

(Zigzag)

Types of Line Description General application Pencil Grade
Ceontinuous Object lines, Visible outlines and H
thick Visible edges.

Continuous Dimension lines, Projection lines, ZH
thin Leader lines, Extension lines,

Construction lines, Section lines,

and Hatching lines

——————————— Dashed thin Hidden outline and Hidden edges H

“““““““ - Chain thin Centre lines and Lines of symmetry 2H
Chain thin, Cutting planes 2H &

T T thick at the ends H

e Continuous thin Irregular boundary lines and 2H

o (Freehand/wavy) Short break lines
Continuous thin Long break lines 2H

Representing scales: The proportion between thedrawing and theactual object can

be represented by two ways asfollows:
a Scae -1lcm=1mor1cm=100cmor 1:100
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b) Representative Fraction: - (RF) = 1/100 (lessthan one) i.e. theratio between
the sizeof thedrawing and the obj ect.

Therearethreetypes of scales depending upon the proportion;

Reducing scale: When the dimensions on the drawing are smaller than the actual
dimensionsof theobject. It isrepresented by the scaeand RF as

Scale: - 1cm=100cm or 1:100 and by RF=1/100 (Iessthan one)

Full scale: Sometimesthe actual dimensionsof the object will be adopted onthe
drawingtheninthat caseit isrepresented by the scaleand RF as

Scale: - lcm=1cmor 1:1 and by R.F=1/1 (equal to one).

Enlarging scae: In some caseswhentheobjectsarevery smal likeinsdepartsof a
wrist watch, thedimens ons adopted on the drawing will be bigger than the actual
dimensions of the objectstheninthat caseit isrepresented by scaleand RF as

Scale: - 10cm=1cm or 10:1 and by R.F= 10/1 (greater than one)
Thescaleor R.F of adrawing isgiven usualy below thedrawing.
Thevarioustypesof scalesused are

1. Plainscaes 2. Diagonal scales 3. Vernier scales, 4. Comparative scaesb.
Scaleof chords.

Geometrical Drawing
Introduction

Thedrawing of object viewsinvol ves plane geometric constructions. It isnecessary
to haveagood knowledge of plane geometry. Preparation of engineering drawings
involves number of geometrical constructions. Hence it is necessary to study
geometrica drawing. Geometrica condructionsrdatingto Sraight lines, circles, arcs
of circles, Triangle, rectangle, square, regular polygons and conic sections are
illustrated inthischapter.

Point

A point representsalocationin space or on adrawing and generaly represented by
avery smdl circleor asmall dot.

Line
A lineisthe shortest distance between two points.
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Types of lines :
STRAIGHT LINE

PARALLELLINES

et ST
CURVED LINES //’\\
il
A

0
B
To bisect a given straight line or an arc

Tu biscet n given straight line or are

s %
P
A 0 B AT B
y *,
i P

» Letthedraightlineor arcbeAB

*  WithA and B ascentresand radius greater than half of AB ,draw arcsinter-
secting each other at M and N respectively.

* JoinM and N which bisect thelineor arc.

Drawing perpendicular

1. LetPbe thegivenpointonagivenlineAB.

2.  WithPascentre, draw anarc cuttingAB at M by taking any suitableradius.

3. Withsameradius, mark two equal divisionsonthearc MN and NR respec-

tivey. -

4. WithcentersN and R and of any suit-
ableradiusdraw arcstointersect at a
point 0. Draw aline OPthrough O and i
P, theline OPistherequired perpen- <
dicularline. A L B
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Dividing a Line Into Equal Parts

Dividingalineinto number of equa partsby using dividersisnot very accurate. A

sati sfactory method isgiven below.

1. IfthelinePQistobedividedinto six equd
parts.

2. DrawalinePRinclined a any convenient acute
angleto PQ.

3. Makesixequa divisonsdongPRatanycon- P 5 5 g T A g
venient length starting from P,

4. JoinQand6. Draw linespardld to Q6 throughthedivision pointsl, 2, 3,4 and
5cutting

5 PQal, 2,34, and5.

6. Pointsl’, 2,3, 4 and5' arethedivision pointsdividing PQinto equa parts.

Construction of Basic Geometric Shapes

Q

Angles
Anangleistheinclination between two intersecting lines.
Typesof Angles

Fig 1 Fig 2 Fig 3 Fig 4 s
C
120
30 I
. oo _‘_ 4 =

Right angle: Angleequal to 90° is calledright angle. (Z/AOB infig 3)
Acuteangle: Anglelessthan 90° iscaled acuteangle. (Fig 1)
Obtuseangle: Anglegreater than90° iscalled obtuse angle.(Fig 2)

Complementary angle: Angleswhichtogether forms90° arecaled complementary
angles. Infig. theAOC and BOC are complementary angles. TheangleAOC isthe
complement angleof BOC and vice- versa. (Fig 3)

Supplementary angles. Those angles which together make 180° are called
supplementary angles(Fig4)

A

&
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Bisecting angle between two given lines:

51

* Letthegivenangle be AOB between two given linesOA and OB
*  WithOascentreand with any convenient radius,draw an arc cutting OA at C

and OB at D

*  Nowwith CandD ascentreand at any convenient radiusdraw arcsto inter-
sect each other at P.

*  Drawlinethrough O and Pwhich bisectstheangleAOB.

Triangles

A triangleisaplanefigure bounded by three straight lines containing three angles.
Thesum of threeinterior anglesis180°.

C Vertex C  Vertical c
Angle

Altitude

|
A Base 8 A

o
vi]

*  Thesumof al anglesof atriangleisaways180°.

» Thesideonwhichitissupposedto stand iscalled itsbase and theangles at
base are known as base angles.

*  Thepoint wheretheother two sidesmeet iscalled vertex and theangleat the
vertex iscalled vertica angle.

*  Thelinedrawn from the vertex and perpendicular to the base or base pro-
duced if necessary iscalled an dtitude.

*  Thelinejoining theangular point of atriangletothemiddle point of the oppo-
steof anangular point iscalled themedian.
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Types of Triangle

) Equilatera triangle: Itistriangleinwhich all thethreesidesareequa and the
threeanglesareequa

i) Isoscelestriangle: Itisthetriangleinwhichtwo sidesaswell asthe angles
oppositeto them areequal.

i) Scalenetriangle: Itisthetriangleinwhichno sidesor anglesareequal. The
atitudemay either bewithin or outsidethetriangle.

Iv) Rightangledtriangle: Itisthetriangleinwhichoneangleisequd to 90° andthe
sdeoppositetoitiscalled hypotenuse.

v) Acuteangledtriangle: Itisthetriangleinwhich all theanglesare acute.

vi) Obtuseangledtriangle: Itisthetriangleinwhichoneof its anglesisobtuse.
Drawing an equilaterd triangle (given thelength of oneside)
Let AB bethegiven length of oneside of an equilatera triangle.

E
c '
T
N Cay /\
a B n E R S

Draw a triangle with T- square and set- square only

«  DrawalineAB of givenlength by meansof drafter

e Setthedrafter at 300-600 and draw alinethrough A making an angle of 600
withAB.

*  Similarly through B draw aline BN making the sameanglewith BA thereby
intersecting thefirstlineat C.

« JoinACandBC, thenABCistherequired equilateral triangle.
With the help of compass

« DrawalineAB .With A and B ascentresand radiusequal
toAB, draw arcsintersecting each other at C.

* JoinACandBC. ThenABC istherequired equilateral tri-
ange,
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Square

Squareisthe quadrilateral inwhich all thesidesareequa and theanglesareright
angles.

Draw asquare-given thelength of oneside

Let AB bethelength of one side of the square.

(a) With set square only

» DrawalineAB by meansof aT- square, through A and B draw vertical lines
AM and BN. Draw twolinesAC and BD inclined at 450to AB and BA ,there
by cutting BN at CandAM at D . Join Cwith D. ThenA BCD istherequired
square.

(b) With the help of compass

 DrawagivenlineAB.AtA draw alineAM perpendicular toAB withA as
centreand radiusAB, draw an arc cuttingAM at D. With B and D ascenters
and having sameradiusie. AB, draw arcsintersecting each other at C. JoinBC
and CD. Then ABCD istherequired square.

Q) Draw a circle inscribed in a square
 DrawagraightlineAB
*  Drawvertical linesAM and BN fromA and B

« WithA and B ascentresdraw arcswith radiusAB, thesearcscutsAM at C
andBN at D. JoinCD

»  DrawdiagonasAD and BC. Thesetwo diagonalsintersecting at O. Draw a
vertica linefrom O to the midpoint of lineAB. Draw circlewith O ascentre
and radius OP.

Ans ¢

i
!
I

Rectangle

Rectangleisthequadrilaterd withtheoppositesdesisequd and dl theanglesareat
right angles.
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Draw arectangle of length 60mm and breadth 30 mm as per the procedure
»  Drawastraight lineAB of length 60mm

*  FromAdrawaverticd lineAM.

*  WithA ascentreand radius of 30mm draw an arc cuttingAM at D.

*  WithD ascentreand radius of 60mm draw anarc.

*  With B ascentreand radius of 30mm draw another arc.

*  Thesetwo arcsintersect each other at C. Join BC and CD.

e ThenrectangleABCD isobtained.

Polygons

A polygon may be defined asaplanefigure bounded by straight lines. It isbounded
by morethan four straight linesand containing morethan four angles.

— Circumscribed

I. 4 Inscribed 7 B :\\ |/
{ \ Sides
.\_\‘-‘_ ‘/- 4

Triangle Square Pentagon Hexagon Heptagon
8 9
Sides Sides
Octagon Nanogon Decagon Dodecagon

Draw a pentagon of agiven side(say 35mm)

Step 1: Step 2:
TN
- / \
/ y S
D:I:-\--\""'\-\. /c-: DI\;"‘HC ><_l J|l|
L2 of AB 1 e / \ ‘\\__x‘ /
L A RS O— =

% B A g |

Construction of a Pentagon if length of side is given

Step 1

*  DrawalineAB equa to 35mm.

*  Draw perpendicular lineAC equal to half of AB.

e DrawlineBC and extendit to makeline CD equal toAC.
Step 2

e WithradiusR=AD and pointsA & B as centres, draw intersecting arcsto
locate point O. With the sameradiusand O asthe centre, draw acircle.

&
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Step 3

* WithAB asachord, locate pointsE,F & G. JoinAG, GF, FE and EB. Then
AGFEB istherequired pentagon.

METHOD 2
Step 1: Step 2:
f,’f_ \ /
o -1 o /)ﬁ
X X )
// N b / \
/ k1 N2 - /
A4 549N (54> 54 /
Ae——— B B
e
Step 1

» DrawalineAB equd to 35mm.
*  FromthepointsA & B, draw 54° linesintersecting each other at O
Step 2

»  Taking point O ascentreand OA asradius, draw acircle. Set the compass at
35mmanddividethecirclestarting fromA.

Step 3
» Joinal thecutting pointsto obtain therequired pentagon.
HEXAGON

Hexagon isthat which hassix sidesand angles.

Draw ahexagon of given side (say 35mm)

»  DrawalineAB equd to 35mm.

*  WithA andB ascentresand radius of 35mm, draw arcsintersecting at O.
*  WithOascentreand having 35mm radius drawsthe segment of acircle.
 WithAB asradiuscut thesegmentat C, D,Eand F.

 JoinBC, CD, DE, EF and FA. Then ABCDEF istherequired hexagon.
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METHOD 2
Step 1: Step 2:
E|l —— P —7—
<]
R
o wd
R R “x\/

/ \ ; /
‘\‘ 5/
| | A =

Step 1

»  DrawlineAB of length 35mm. Taking A& B ascentresand R=35mm asra-
dius, draw arcs cutting each other at O.

Step 2

*  WithOascentreand R=3cmm asradius, draw acircle. Set the compassat 35
mm anddividethecircleinto 6 parts.

Step 3
*  Joinall cutting pointsby theline segments, to obtain the required hexagon.
CONIC SECTIONS

Conic sectionisthe curves obtained by theintersection of aright circular coneby a
planeat different angles. Ellipse, parabola, and hyperbolaarethe curvesthusobtained
and henceare called the conic sections or conics.

T

*’Ilmm\\\\\\ Generator

() CIRCLE (b) ELLIPSE () PARABOLA () HYPERBOLA

ELLIPSE

Andlipseisaplanecurvethat resultsfrom theintersection of aconeby aplaneina
way that producesaclosed curve. Circlesare special cases of ellipses, obtained
when the cutting planeisperpendicular to theaxis. Anélipseisasothelocusof dl
pointsof the planewhose distancesto two fixed points add to the same constant.

&
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Ellipsesare closed curves and are the bounded case of the conic sections, thecurves
that result from theintersection of acircular cone and aplanethat does not pass
through its apex; the other two (open and unbounded) cases are parabolas and
hyperbolas. Ellipsescan a so arise asimages of acircleunder parallel projection
and some cases of perspective projection.

Q) Draw andlipseof mgor axis80 mm and minor axis50mmin concentriccirdes
method

Maojor axis circle

Ans

[)  DrawAB (80mm) and CD (50mm) the mgor and minor axesperpendicular to
each other cutting at O.

2)  With O ascentre, draw two concentric circlesof diameter 80 mm and 50mm
asshown.

3) Drawradid linesOE'E, OF, Fetc. a convenient angular intervalsof say 30°.

4) From pointsE, Fetc. onthemaor axiscircle, draw linesperpendicular tothe
major axisAB. From points El FI etc. on the minor axiscircle, draw lines
parallel tothemgor axis. Theintersection of perpendicular and paralel lines
from pointsonthe sameradid linewill fix apoint ontherequired elipse.

(5) Draw agraceful curvethrough these pointsto definethedlipse.
FOUR CENTRE METHOD
Step 1

*  Draw magor axisAB and minor axisCD for the respectivelengths. Joint the
pointsA and C. With centreas O and radiusequal to OC, draw anarc which
isintersecting OA at E. Thepoint Fismarked in such away that CFisequal to
AE.
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Step 2

»  Drawtheperpendicular bisector of thelineAF. Thisperpendicular lineinter-
secting the major axisat G and minor axisat H. Mark other centres| and J
such that Ol = OG and OJ= OH arelocated.

Step 1: Step3:
C C
— F=AE - Z !
A% € . s
_a's p |
f s B
ATy o B AT

Step 3

*  WithGand| ascentres, draw two arcsof radius GA and IB respectively. With
H and Jas centres, draw two arcs of radiusHC, JD respectively. Thesefour
arcsmest tangentialy toformtherequired élipse

PARABOLA ot

The parabolaisaconic section, theintersectionof aright o j

circular conical surfaceand aplanetoageneratingstraight :

line of that surface. Given a point (the focus) and a ‘ : :
corresponding line (thedirectrix) onthe plane, thelocusof

pointsin that plane that are equidistant from themisa

parabola.

PARALLELOGRAM METHOD

Step 1

*  Giventhesizesof theenclosing rectangle, distancesAB and AC, construct a
pardleogram.

Step 2

*  DivideACintoanumber of equa parts. DivideAO into the same number of
equal parts. Number the pointsasshowninfigure.

L 2 3 ¢ L2 3 ¢

A A A 1 ?'r |
3 3 3 / Ly |
Vi H
24 24 2 |
|
1 Axis 14 1
[ / /
¢] 0 0 s
EETT— _l&
c ) D C D C D
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Step 3

 DrawalinefromOtopoint 1onAC. Draw alinepardld totheaxisthrough
point 1 onlineAO. Mark intersecting point to the previousline O-1. The point
of intersectionisapoint onthe parabola.

Step 4

*  Proceed inthe same manner to find other points on the parabola.

Step 5

»  Connect thepointsusing anirregular curveto get therequired parabola.
HYPERBOLA

Thehyperbolaisaplane curveobtained when the cutting planeisinclined totheaxis
at an anglesmaller than theangle of the generator and it passesthrough the base.

SPECIAL CURVES
Involute

The curvetraced out by the end of apiece
of string whichiskept tight at oneend and
the other end when unwound fromatriangle,
square, circleor aregular polygoniscdled
involute. It is used in designing gear tooth
profilesandimpdler of centrifugd pumps.

Involute of an equilatera triangleof side'a

Step 1

»  DrawthetriangleABCfor thegivenside'd
Step 2

«  WithcentreasB and radiusas BA=a, draw an arc to intersect the extended
CBlineat P.
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Step 3

*  WithcentreasC andradiusas CP, = 2a, draw an arcto intersect the extended
AClineatP,.

Step 4

*  WithcentreasA andradiusasAP, = 33, draw anarcto intersect the extended
BAlineat P,.

Step 5

»  Drawasmoothcurvethrough thepointsA, P, P,, P, toobtaintheinvolute.
Activity: Draw involute o an equilateral triangle of side 30mm.

Involute of a square of side 'a’
P

3

Square frame
4a
D 2L pz
E a\_ 2a .
x B
4 X . Cord
Direction of unwinding
Step 1 P,
e DrawthesguareABCD with sde=20mm
Step 2
*  WithcentreasB and radiusasAB=a, draw an arc to i ntersect the extended
BClineatP..
Step 3

*  WithcentreasC andradiusas CP, = 2a, draw an arcto intersect the extended
DClineatP,.

Step 4

*  WithcentreasD andradiusas DP, = 33, draw an arc to intersect the extended
ADlineat P,.

Step 5

*  WithcentreasA and radiusasAP3 =4a, draw an arc to intersect the extended
AB lineat P4.

&
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Step 6
»  Draw asmooth curvethroughthepointsA, P, P,, P,, P, toobtaintheinvol ute.
Helix

Hédlix isacurvegenerated by apoint moving on the surface of acylinder or acone
inthecircumferentia direction at aconstant angular velocity intheaxid directionat
auniformrate. Thereare 2 typesof helices. Such as

1. Cylindricd hdix
2.  Conicd hdix
PRINCIPLES OF PROJECTIONS

If straight linesare drawn from various pointson the contour of an object to meet a
plane, the object issaid to be projected on that plane. Thefigureformed by joining,
in correct sequence, the points at which these lines meet the plane, iscalled the
projection of theobject. Thelinesfromthe object to the planeare called projectors.

TYPES OF PROJECTIONS

The projectionsare classified according to the method of taking the projectionon
theplane. A classification of projectionisshown below:

Projection
I l |
Parapecllvr Projection Parallel Projection

| |
Linear Perspective  Actual Perspective

Oblique Axonometric Orthographic
Isomltrlc DImL?iﬂ'C Tnnlelnc
Cabinet Cavalier Clinographic Shades & Shadows
First angle Second angle Third angle Fourth angle

ORTHOGRAPHIC PROJECTION

Orthographic projectionisonemethod of projection used inengineering drawingin
which the objects are projected on imaginary planes. This means we make the
obj ect become 2D. The difference between Orthographic Projection and any other
drawing method isthat we use several 2D views of the object instead of asingle
view.

&
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In orthographic projection the object isplaced a infinite distance from the observer.
The image formed on the picture plane is orthographic projection. The word
orthographic meansto draw at right angles.

CREATING AN ORTHOGRAPHIC PROJECTION

1. Thefollowing stepswill take you through the creation of an orthographic pro-
jection.

Chooseafront view. Thisistheview that showsthe most about the object.
Decide how many views are needed to compl etely describe the obj ect.
Draw thevisiblefeaturesof thefront view.

Draw projectorsof thefront view horizontally and vertically in order to create
the boundariesfor thetop and right sideviews.

Draw thetop view. Usethevertical projectorstofill inthevisibleand hidden
features.

7. Projectfromthetop view back tothefront view. Usethevertical projectorsto
fillinany missing visbleor hiddenfesturesin thefront view.

8. Draw a450projector of the upper right corner that enclosesthefront view.

9. Fromthetop view, draw projectorsover to the450lineand downin order to
createtheboundaries of theright sideview.

10. Draw theright sideview.

abkrowbd

IS

TOP VIEW

Adacert \iws
|

>
FRONT VIEW — RIGHT SIDE VIEW

T
Adjacent Views

Side view (EE) Front view(E)

L
i |

P- PLAN, E-ELEVATION, EE-SIDEVIEW Topview (P)

&
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Basics of Orthographic Projection

The planes of projection are extended beyond theline of intersection to form four
guadrants. The position of objectsin any onethesefour quadrantsareasfollows
1. Frsthorizontal plane(HP) infront of vertica plane(VP)

2. Second quadrant-Above HP and behind VP

3. Third quadrant-Below HP and behind VP

4. Fourthquadrant; Below HPandinfront of VP

ORTHOGRAPHIC VIEWS Top

Orthographic viewsareobtained from orthographi c "% S l

projection. Thefront, top and sideviewsarecalled - i
asorthographic views. In orthographic projection,
thepictureplanesarecalled asplanesof projection
andtheperpendicular linearecaled asproject lines
or projectors. When we draw an Orthographic <= [
view of the front of an object it is called

ELEVATION. When we draw an Orthographic

view of thetop of an objectitiscalled PLAN.

Thesix principleviews

~
Oy
St

Bottom

£ VIENED FROM
é’ ToR
VIEWED FROM 1
FIRST ANGLE LEFTSDE | VIEWED FROM
PROJECTION s REAR
<>
po
AW
e
/ FRONT 0
’ VIEWED FROM
THIRDANGLE SLARN vERT E RIGHT SIDE
PROEETION W%Eﬂm |
\ﬂF'NF.bFROM
BOTTOM

{a) Three planes used in Orthograpic Views

Angle La; ywt of Views

| VQ.:@
“L@ﬂlni'%

‘ wmm

rd
‘ (d) Unfolding Glass Box to Give the First
|

| TEVEn

() First Angle Projection

(D Third Angle Projection

e
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TYPES OF ORTHOGRAPHIC PROJECTION

Usually thereare 4 types of orthographic projections

1) Frstangleprojection 2) Second angle projection

3) Thirdangleprojection 4) Fourth angle projection
Inengineering drawingwe prefer only thefirst angle projection.
DIFFERENCE BETWEEN FIRST ANGLE AND THIRD ANGLE PROJECTION

First angleprojection Third angleprojection
Theobjectisplaced inthefirst Theobject isplaced inthethird
quadrant quadrant
Theobject liesbetween theobserver | Theplaneof projection liesbetweenthe
and theplane of projection. observer and the object

Inthismethod, whentheviewsare Inthismethod, whentheviewsare
drawnintheir relativepostion, the drawninther relative position, theplan
plan comesbelow theelevation. The | comesabovethedevation. Theleft sde
left Sdeviewisdrawnintheright side| view isdrawnintheleft sdeof

of elevation. elevation.

Theplaneof projectionisassumedto | Theplaneof projectionisassumedto bg
be non transparent transparent

Normally thisprojectionisusedin Normally thisprojectionisusedin USA
Indiaand British countries

J

-9 ©
~ | ©
Example
g
® | | ®
® e ® [ofe] t_&#
RIGHT SI0E iEW FROMT VIEW ‘LaFT SI0E \r:aw.
@ &
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ISOMETRIC PROJECTION

Isometric projection is a method for

visually representing three-dimensiond Isometric projection
objectsintwo dimensionsin technical o

and engineering drawings. It is an L*"""’""’\q

axonometric projection in which the

three coordinate axes appear equally o ,ff o o
foreshortened and the angle between I

any two of themis 120 degrees.

Pictarial

Isometric scaleisused to measurethe
foreshortened length of dimensions of any object to draw theisometric projection.
Thestepsof construction of isometric scalearegiven below

(i) Draw ahorizontal line PQ. (ii) Draw thetruelengthsonaline PM inclined at 45°
to the horizontal line (say up to 70 mm) (iii) Draw another line PA at 30° to the
horizontd line.

(iv)Draw thevertica projection of al the pointsof truelength from PM to PA. (V)
Completethescdewith thedetailsasshowninthefigure. Thelengthsshownat the
line PA aretheisometric lengthsto be used to draw theisometric projection.

® ISOMETRIC SCALE

ISOMETRIC DRAWING

Exercise: Draw the isometric drawing of a
rectangular prism of base 30 mmx 15mmandthe H i
height 50 mm i
|
0 Draw thethreeisometric axesthrough point al | ”
IAI. 7 f'l‘\\\ /
0 MakAB=15mm,AD=30mmandAH = éf\g'/& » P f’-
50 mm representing thethree sides of prism. A
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Draw two vertical linesparalldl to thelineAH through pointsB and D.
Similarly draw two morelinesparallel toAB and AD through point H.
Mark G and E theintersecting points.

Draw linesparalld to GH and HE through points G and E intersecting point is
F.

Draw linespardle toAB & AD through points D and B respectively intersect-
ingat C.
JoinCB & CD withdashlines.
Join Fand Casowithdashlines.
Rub off the construction linesand completethe prism.
Draw the isometric projection of a cube of side 50mm
REEHAND SKETCHING

Freehand sketchisadrawing made without the help of drawinginstruments.

Theimportant usesof freehand sketching are:

Itisused to convey thethoughtsand ideasto theworkers.
Itisused to present theideas of the designer to the management.
Itisused for showing different layoutsof thedrawing.

It isused in the production of temporary fixtures.

It isa so used to convey information regarding repair or modification neededin
an existing structure or machine.

Comparison Between Free Hand Sketching And Instrumental Drawing

Freehand sketching Instrumental drawing
Drawing made without the use of Drawing madewiththe useof drawing
drawinginstrument ingrument
Itisnot drawnto actual scale Itisdrawnto actua scae
Itisnot aperfect drawing Itisaperfect drawingwithuniformline

thickness
Itisused for temporary figures/fixtureg It givesexact details of object to be
manufactured

&
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EXAMPLE: Sketch by freehand, theisometric view of the objectsshowninfigure.
Thedimensioning alsoisto be marked by freehand

ORTHOGRAPHIC VIEW ISOMETRIC SKETCH [FREEHAND)

—

11

Side View

=s—

AUXILIARY VIEW

If asurfaceof an object isinclined to any of the planesof projection, theview of the
surfaceof that planewill not show itstrue shapeand size. To overcomethisdifficulty
aview of theinclined surfaceis projected on animaginary plane parallel to this
inclined surface. Thisimaginary planeiscaled Auxiliary planeandtheview obtained
onitiscdledAuxiliary view.

| | Front View \ Le\f}siua

1

SECTIONAL VIEWS

Interior detail s of an object cannot be shown on principal exterior views. Insuch
casesan imaginary cutting (sectioning) plane may beused to cut through the object
so that the portion in front of the plane can be imagined to be removed so asto
exposeinner detalls.

Thesectiond view showsand e aboratestheinternal construction of amachine The
view can bethe section of either Top view, Front view or Sideview. Actualy the
sectional view isan "anatomy” study of amachine. Designersusetheseview to
analysethe constructional detailsand to modify the design of amachine. They are
theprojected views (either Auxiliary or Orthographic) which show acrosssection
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of the source object dong the specified cut plane. Therearedifferent typesof sectiona
viewssuch as(1) Full Sectiona view. (2) Half Sectional view, (3) Partial/ Broken
Sectional view, (4) Revolved Sectional view, (5) Offset sectional view and (6)
Removed sectional view.

DEVELOPMENT OF SURFACES

Theknowledge of devel opment of surfacesis used in the engineering applications
such as sheet metal works, automobile body building, packing industry etc. The
surface of an object which are opened out and laid on aflat planeis called the
development of surfacesof that object.

DEVELPOMENT OF CYLINDER

——circumferance—>

: A 8 _€ D A

l

B i D
|
A

Cylinder iswrapped around apaper. When the paper isopened, itisrectanglein
gze

!
!
|
!
!
I

Length=circumference of cylinder
Breadth = Height of cylinder
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F——circumierance——>

|

l Generally, parallel line
|l method is used for
[ development of cubes,
i A 8 _¢c D A& prisms, cylinder etc.
| :

r

|

A

S

DEVELOPMENT OF HEXAGONAL PYRAMID (Radial line method)
Pyramidisdevel oped asfollows:

Draw anarcof radius OA -. Dividethearcinto 6 equal sectors so that each sector
isequal to distancex

N

Every line on the development
must be the true length of the
corresponding edgeonthe surface

T. E Questions

1
2.

3.
4.

5.

Draw abisecting linefor agiven straight lineAB of length 1220 mm

Draw aperpendicular lineto agiven straight lineAB of length 110mmfroma
givenpoint O,AO =40mm

Dividethegivendtraight lineAB length of 120mm into 7 equal parts.

Draw theinvolute of asquare of 45mm side.

Comparefreehand sketching and instrumental drawing?

COMPUTER AIDED DRAFTING
INTRODUCTION

CAD istheacronym for Computer Aided Design. Itisaninteractivedrawing system
designed to permit auser to construct or edit adrawing on agraphicsdisplay screen.
A CAD systemisacombination of hardware and softwarethat enablesengineersto
design structures, wiring installations etc. The hardwareincludesall thephysical
components of acomputer such as C.PU, input devices, output devices, secondary
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storage devicesand display unit. The softwareisapplication software designed for
specific purpose. It isadesign package commonly used in areaslike mechanical,
architecturd, civil and eectrica drawing. It dlowsan engineer toview adesignfrom
any anglewith the push of abutton and to zoom in or out for closeupsand long
distanceviews. Itisvery suitablefor repetitive and very fast documentation.

CAD will belinked to CAM (Computer Aided M anufacture) whenever possible.
Printed Circuit Boards can be designed on CAD and manufactured on CAM.
AutoCAD isflexibleand drawings can bedrawn quickly. Futuremodificationscould
bedoneeadly. It offersbetter drawing visbility. Simulations of modelscan bedone
and testing of desired componentsand further dterations/improvementsispossible.
Someof the graphics packagesareAuto CAD, Uni graphics, CATIA, NASTRAN
etc. Inthisunit wearedealingwith Auto CAD.

STARTING TO USE CAD

Thefirst step to use CAD isinstalling the required Auto CAD softwarein the
computer. Then open thissoftware package by doubleclickingonit. Thenthestartup
dialogue box appears. It contains 3 options such as 'creating new drawing, open
drawingsand symbol libraries. To exit from Auto CAD click on Exit.

CAD softwareisused to increase the productivity of the designer, improvethe
qudlity of design, improve communicationsthrough documentation, and to crestea
database for manufacturing. CAD output isoftenin theform of electronic filesfor
print, machining, or other manufacturing operations.

ELECTRICAL AUTO CAD
We useAutoCAD Electrical to draw power singleline diagrams, motor control
circuit schematics, switchboard genera arrangements, and so on. By using Electrical
AutoCAD
*  Youcandesgnéectrical symbols
e Youcandraw orderinglists& writetexts
*  Youcan placerelay coilsand contactors
e Youcandraw dl the schematic diagramsyou need
The powers of Electrical CAD software
When you are producing the e ectrical documentation, you need distinctly other
typesof intdligent functions.

You need functionssuch as:

e Automatic updateof partslistsand connection lists
e Automaticwirenumbering

»  Support of electrica standards

e Signa referencesbetween pages

*  Referencedesgnaions
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*  Automaticdrawingof connectinglines.

»  Easycopyinginand between projects

*  Referencesbetween symbols

e Automaticaly generated graphica cableand termind plans

*  Theability to createand send ordering filesautomatically

If you do businessin other countries, you a so need automatic trand ation of textsin
drawings, and the ability to specify which types of textsto trandate.

Component databases

Indectrica CAD softwarethesymbolsinthediagramscan beintd ligent. Thismeans
that they can contain an article number for the component they represent - and even
moreimportant: theeectrica connection pointsof the componentscan beidentified
and handled intelligent by the software. Being &bl eto attach thesetypesof information
to acomponent, it enablesthe softwareto update all kindsof listssautomaticdly.

ACTIVITY: Create a light and fan circuit using AutoCAD by seeing the figure below

I

Before creating drawing Set layer and limits for the sheet.

Command + limits .1
Specify lower leftcorner or[ON/OFF] <0.00,0.00= vl

Specify upper right comer<12.00, 9.00> : 200, 297
Command : Z(Zoom)
[AIVCentre/Dynamic/Extents/Previous/Scale/Window]<real time> : All
Now the limits T get -set
Command : La(layer)

A dialog box will get open

Create new layer

Name : symbol
colour : yellow
linetype : 0.30 mm
Create new layer

Name : wiring
colour : Red
lineweight : 0.35 mm

Creats symbol such as switch, lamp.

After creating these symbol set in layer symbol and block it.
Command : whlock .)

A dialog box get open is your AutoCAD screen.

Uuder Whlock : Name of the object
E&1WS: For oneway switch
E&L  : For electric light
After these object get block save there.

Command : Iline) 1

Specify first point : Pick a point on screen by-§
Specify second point or[Undo]: 80 right click

Set this line in layer
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Command : Co(copy)

Select objects : Pick the line right click

Specify back point or

displacement : pick an one edge of line as base point.

Specify second point of

displacement 1504

/ base point

Create vertical line e

Command ¢ I(line) io__

Specify first point : Pick a point on line A

Specify next point or[Undo] : 14

Command : Co(copy) J

Select objects : Pick the vertical line pick point

Specify back point or

displacement : Pick one edge of vertical line

Specify second point of displacement : 2|

Command : copy J

Select objects : Pick the copied vertical line

Specify base point or

displacement : Pick one edge of the copied vertical line

Specify second point of

displacement : 2.1

Do the same process for other copying process too.

Command : Insert

A menu box get open in that click browse select the black name here. Insert wherever you want.
Po this same insert process for the remaining drawing also. Join lines wherever all you need to correct.
Il'hus the 2D wiring diagram is created successfully.

Source: Engineering GraphicsLaboratory by VRB Publications
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LIST OF PRACTICAL ACTIVITIES - MODULE 4

A 0w D P

10.

11.

12.
13.
14.
15.

Fault findinginanAC motor.
Rewinding of singlephaseAC motors.
Wireup asingle phaseinduction motor with DOL starter.

Identification of parts, Fault identification & repairing of Non automatic Elec-
triclron.

Identification of parts, Fault identification & repairing of Automatic Electric
[ron.

Identification of parts, Faultlocating, repairing & installation of Cellingfan

Identification of parts, Fault identification & repairing of Wall mounted/pedes-
tal fans.

Identification of parts, Fault identification & repairing of Electric Mixer.
Identification of parts, Fault identification & repairing of Wet Grinder.
Identification of parts, Fault identification & repairing of Washing Machine.
Servicing /trouble shooting &ingtall ation of water pump.
Practicegeometrical congtruction.

Practice orthographic projection.

Sketch orthographic views of simpleobjects.

Practice Electrical Auto CAD.
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