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PREFACE

Engineering institutions have been modernizing and updating their curriculum topaEgwith the
continuously developing technological trends so as to meet the correspondihglyging educational
demands of the industry. As the years passed by, rdigtiplinaryeducation system also has become
more and more relevant in the present gl industrialdevelopment. Thus, just as Computer Systems
Applications,Basic Electrical & Electronics Engineering also has become an integral part of all thg
industrial and engineering sectors beinfrastructure, power generation, minor & majdndustries,
Industrial Safety or processdustries where automation has become an inherent part. According
several universitiehave been bringing in a significant change in their graduate programs of enginee
starting from the first year to meet th needs of these important industrial sectors to enhance th
employability of their graduates.Thus, at college entry level itself Basic Electrical & Electronics
Engineering has become the first Multidisciplinary core engineering subjectfiomost all theother core
engineering branches like Civil, Mechanical, Production enginesrthgstrial EngineeringAeronautical,
Instrumentation, Control Systems and Computer Engineering. As a further impetus, since for
understandingof this subject a practical knowledge is equally important, a laboratory course is als
added in the curriculum. Thexperimentsare so chosenthat the studentcomprehendsall the important

theoreticalconceptswith good practical insight.

This handbook of Laboratory marlu@um Observations forBasic Electrical and Electronics
Engineering is broughtout in a simpleandlucid mannerhighlightingthe important underlying concepts
& objectives along with sequential steps to conduct the experiméery experiment idurther

provided with format of test results and most importantly teafetyprecautions tdoe taken.
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INSTRUCTION® STUDENTS

Beforeenteringthe lab,the studentshouldcarrythe following things.

Identity cardissuedby the college.

Clasqotes.

Labobservationbook/ LabManual.

LabRecord.

Student must sign in and sign out in the register provided when attending the lab
sessionvithout fail. Studentsneedto maintain100%attendancein labif not a strict action

will be.

Come to the laboratory in time. Students,who are late more than 15 min., will

not beallowedto attend thelab.

All studentsmustfollow a DressCodewhile in the laboratory

Foodsdrinksare NOT allowedandall bagsmustbe left at the indicated place.

The objective of the laboratory is learning. The experiments/ demonstrations are
designed tallustrate the need and operation of an equipment/ machine and to expose
you, how to usdifferent measuring instruments in industry or our daily liéenduct the
experiments withinterest and arattitude of learning

Studentsmusttake careof their valuablethings,Work quietly and carefully.

Behonestin recordingandrepresenting youdata.

If a particular reading appears wrong repeat timeasurement carefully, to get a better

fit foragraph

Allpresentationf data,tablesandgraphscalculationshouldbe neatlyandcarefullydone

If you finish early, spendthe remainingtime to completethe calculationsand drawing
graphs. Graphshould be neatly drawn with pencil. Always label graphs and the axes and
displayunits.

Come equipped with calculator, scales, pencils etc. Before entering to lab,pmaystre

for Vivafor whichthey are goingo conductexperiment.

Do not fiddle withapparatus. Handle instruments with care. Report any breakage to the
Instructor.

Whenthe experimentiscompleted,studentsshoulddisconnecthe setupmadeby them,
andshouldreturn all the components/instruments takefor the purpose.

Any damage of the equipment or buout of components will be viewesderiously either byputting
penaltyor by dismissinghe total groupof studentsfrom the labfor the semester/year.
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ProperDressHasto Be MaintainedWhile Enteringin TheLab.(BoysTuckin And
ShoesGirlswvith Apron).

StudentsShouldCarryObservatiorNotesandRecordCompletedn All Aspects.
Correct Specificationsf TheEquipmentHaveto Be Mentionedn TheCircuitDiagram.
StudentShould BéAware ofOperatingEquipment.

Students Should Be at Their ConcernedExperimentTable, Unnecessary
Moment IsRestricted.

StudentShouldFollowthe Indent Procedureto Receiveand Depositthe
Equipmentfrom TheLabStoreRoom.

After Completinghe ConnectionsStudentsShouldVerifythe Circuitsby TheLablnstructor.
TheReading®ust BeShown toTheLecturerin-Chargedor Verification.

BeforeLeavingthe Lab,StudentsMust EnsureThat All SwitchesAre in The Off
PositionandAllthe Connectiong\reRemoved.

All PatchCordsand StoolsShouldBePlacedat TheirOriginalPositions.
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5 2 yQoriie Late tdheLab.

5 2 yEQtérinto TheLabwith GoldenRingsBraceletsand Bangles.

5 2 yMakeor Removehe Connectionsvith PowerOn.

5 2 ySwiiichon TheSupplyWithout Verifying byrhe StaffMember.

5 2 ySwiichOff the Machine withLoad.

5 2 yl@avethe LabWithout the Permissiomf TheLecturerin- Charge.
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Experiment No. 1 (A)

Aim:

Basic safety precaution,Introduction and use of measuringinstrumentsi voltmeter,ammeter,multi-
meterReallife resistorscapacitorandinductors.

APPARATUS REQUIRED:

S.No. Name of apparatus Type Range Quality
1. Ammeter MI, MC (0-2)A AC, (0-1)ADC As required
2. Voltmeter MI, MC (0-300)V AC, (620) V As required
DC
3. Multimeter DIGITAL - 1
4. Resistors Fixed, Variable - As required
5. Capacitors Fixed, Variable - As required
6 Inductors Fixed, Variable As required
THEORY
Ammeter:

Ammeteris an electronicinstrumentsdeviceusedto determinethe electric currentflowing througha
circuitAmmeterameasuringurrentin milli -amperaanges knownasmilli -ammetersCommontypesof
ammeterare moving-coil ammeterand moving-iron ammeter Ammetersare connectedn seriesto the
circuit whosecurrent is to be measured. Hence this electronic instruments are designed to ha
minimum resistanciadingaspossible.

Fig. 1(a).LAmmeter- Electronic Instruments
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Moving Coil Ammeter:
Moving coil ammeters are used to measure DC Currents. This electronic instruments consists of ja co

suspended by two hair springs. This coil is placed in a magnetic field created by a fixed permanent magnet. .
torque is experienced when current passesitiir this coil which is proportional to the current. When the coil
turns,thespringswill exertarestoringforceproportionalto theangleturned.By thesewo forces,thecoll

Upper hair spring n

.

I Pointer
———
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) Maving Coil
Al
Coll leads to ==yt ”

meter tarminal

1

Lower hair spring U

will stopatsomepointandtheanguladeflectionwill beproportionatothecurrent.

Fig. 1(a).2 Moving coil ammeter

Moving Iron Ammeter:
Moving iron ammeters as electronic instruments can be used for measuring both direct and alterpatin

currentsn electronicdab. In this type of ammetera pieceof softiron is used.Thisiron piececonstitutes
of amovingvaneandafixed vane.Currentto be checkedlows throughafixed coil placedaroundtheiron

piece.This coil producesa magneticfield proportionalto the current. So the iron pieceswill get
magnetizedvith thesamepolarity. The movablevaneturnsaway from the fixed vanedueto magnetic
repulsion As theiron turnsthe spring of the electronic instruments will exert a restoring force and stop
the vane, when both the fordescomeequal. The pointer of the ammeter is attached to the movable
vane, which will point to the propeurrentreadingusingacalibratedscale.
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Fig. 1(a).3 Moving Iron Ammeter




Voltmeter:

Voltmeteris anelectronicinstrumentausedin anelectriccircuit to determinethe potentialdifferenceor
voltagebetweertwo differentpoints.Digital andanalogvoltmetersareavailablein electronicdab. They
are usuallyconnectedin parallel (shunt)to the circuit. Hencethey are designedto have maximum
resistancaspossibléo reduceheloadingeffect.Thisdeviceisalsocommonn electronicdab.

Fig.1(a).4 (i) Analog Voltmeter (i) Digital Voltmeter

AnalogVoltmeter:

Analog voltmeter is a type ofoltmeter and electronic instruments with an extra connection of a seri
resistor (high resistance)lt consistsof a movablecoil placedin a magneticfield. The coil endsare
connectedo themeasurinderminals As currentflows acrosghecoll, it will startturningdueto magnetic

forceexcretednthecoil and thus the hair spring will stop the coil by an equal and opposite restoring force.

Angular rotation will beproportionatothevoltagein thiselectronianstruments.

Digital Voltmeter

Digital voltmeters can measure both AC and DC measurements with high accuracy as an electronic

instrument.It can measurea high voltage up to 1 kV. Main componentof a digital voltmeteris an
AnalogtoDigital Converter (ADC). Voltage to bmeasured is amplified or attenuated properly by thg
circuit and theoutputis sentto anAnalogto Digital ConverteifADC) IC. ThisIC will converttheanalog
signalinputto digitalsignaloutput A digital displaydrivenby thisIC will displaythepropervoltagevalue.

Digital Multi Meter (DMM)

A multimeteror a multitester,also known as a VOM (Volt-Ohm meter), is an electronicmeasuring
instrumenthat combines several measurement functions in one unit. A typical multimeter would incl
basicfeaturessuch as the ability to measure voltage, current, and resistance. Analog multimeters
micro ammeterwhose pointer moves over a scale calibrated for all the different measurements tha
be made. Digitamultimeters(DMM, DVOM) display the measuredvalue in numerals,and may also
displaya barof a lengthproportionako thequantitybeingmeasuredDigital multimetersarenowfar more
commonthananalogonesbhut analog multimeters are still preferable in some cases, for example w
monitoring a rapidlyvaryingvalue.

ﬁ\err:wclﬂlltimetercan be a handheld device useful for basic fault finding and field servicework, or a

instrument which can measure to a very high degree of accuracy. They can be used to trogheshomit
problemsin a wide array of industrial and householddevicessuch as electronic equipment,motor
controlsPomesticappliancespower supplies,and wiring systems.

Operation:
A multimeteris acombinationof a multirangeDC voltmeter,multi rangeAC voltmeter, multirange
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ammeterand multi rangeohmmeter An un-amplified analogmultimetercombinesa metermovement,
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rangeresistorandswitches.
ForananalogmetermovementPC voltageis measuredavith aseriegesistorconnectedetweerthemeter

movement and the circuit under test. A set of switches allows greater resistance to be inserted for highe

voltage ranges. The product of the basic-$athle deflection current of the movement, and the sum of

the series resistece and the movement's own resistance, gives thedalé voltage of the range. As an
example,a meter movementthat required 1 mill amperefor full scale deflection, with an internal
resistanceof 500 ohms, would, on a Mt range of themultimeter, have 9,500 ohms of series

resistance. For analogurrent ranges, lowesistance shunts are connected in parallel with the meter

movement to divert most of theurrentaroundthe coil. Again for the caseof a hypotheticall mA, 500
ohm movementon a 1 Ampererangetheshuntesistancevouldbejustover0.50hms.

Moving coil instrumentgespondnly to the averagevalueof the currentthroughthem.To measurealternating
current, a rectifier diode is inserted in the circuit so thataverage value of current is rpgro. Since
therectified averagevalueandthe root-meansquarevalue of a waveformneednot be the same simple
rectifier-typecircuitsmayonly beaccuratdor sinusoidalvaveformsOtherwaveshapesequireadifferent
calibratiorfactorto relateRMS andaveragevalue.Sincepracticalrectifiershavenon-zerovoltagedrop,

accuracyandsensitivityispooratlow values.
To measureesistancea smallbatterywithin theinstrumenipasses currentthroughthedeviceundertest

and the meter coil. Since the current available depends on the state of charge of the battery, a mul
usuallyhasan adjustmentor the ohmsscaleto zeroit. In the usualcircuit foundin analogmultimeters,
themeter deflection is inversely proportional to the resistance; sesdale is 0 ohms, and high
resistancecorresponds$o smallerdeflections.The ohmsscaleis compressedso resolutionis betterat

lowerresistancealues.

Amplified instrumentssimplify the designof the seriesand shuntresistornetworks.The internal resistance
of

the coil is decoupled from the selection of the series and shunt range resistors; the series network bec
voltagedivider. Where AC measurementare required,the rectifier can be placedafter the amplifier
stageimprovingprecisioratlow range.

Fig 1(a).5Digital Multi meter

Digital instruments,which necessarilyincorporate amplifiers, use the same principles as analog
instrument$or range resistors. For resistance measurements, usually a small constant current is g
through thedevice under test and the digital multimeter reads the resultant voltage drop; this elimin
the scalecompression found in analageters, but requires a source of significant current. An aulf
ranging digitalmultimeter can automatically adjust the scaling network so that the measurement uses th

precision of thed/D converter.

In all types of multimeters, the quality of the switching elementsis critical to stable and
accurate

measurements. Stability of the resistors is a limiting factor in thetknmg accuracy and precision of
theinstrument.
Quantities measured
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Contemporarymultimeterscan measurenany quantities.The commononesare:
A Voltage alternatinganddirect,in volts.
A Currentalternatinganddirectin amperes.
Thefrequencyrangefor whichAC measurementareaccuratemustbe specified.
A Resistancén ohms.
Additionally, somemultimetersmeasure:
Capacitancén farads.
Conductancen Siemens.
Decibels.
Duty cycleasa percentage.
Frequencyn hertz.
Inductancen henrys.
A Temperaturén degreeLCelsiusor Fahrenheitwith an appropriatecemperatureestprobe,often a
thermocouple.
Digital multimetersmay alsoincludecircuitsfor:
A Continuitytester;soundsvhena circuit conducts
A Diodes(measurindorwarddropof diodejunctions),andtransistor§measuringurrentgainand
otheparameters)

A Batterycheckingfor simple1.5volt and9 volt batteriesThis is a currentloadedvoltagescale
which

simulatesin-usevoltagemeasurement.

To To To To To I

RESISTANCE & RESISTOR

The electrical resistance of an electrical element measures its opposition to the passage of aueksdiric
the inverse quantity is electrical conductance, measuring how easily electricity flows along a ce
path.Electrical resistance shares some conceptual parallels with the mechanical notion of friction.

Sl unit oklectricalresistancéstheohm( g whjle electricalconductances measureth SiemengsS).

An object of uniform cross section has a resistanceproportional to its resistivity and length and
inversely

proportional to its crossectional area. Alnaterials show some resistance, except for superconductg

whichhavearesistancef zero.
Theresistanc®f anobjectis definedastheratio of voltageacrosst to currentthroughit:

%
R=-
1

Such materials are called Ohmic materials. For objects madknoit materials the definition of the
resistance, with R being a constant for that resistor, is known as Ohm's law.In the case of a nor
conductor (not obeying Ohm's law), this ratio can change as current or voltage changes; the inverse slo
chadtoanli V curveis sometimeseferredto asa"chordalresistancebr "staticresistance”.
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Fig. 1(a).6 Resistor
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DC resistance

The resistance of a given resistor or conductor grows with the length of conductor and specific resistiv
the material,and decrease$or larger crosssectionalarea.The resistanceR and conductances of a
conductoof uniformcrosssectionthereforecanbecomputeds

L
R=p—
A
A
G=0c—
L

where is the length of the conductor, measured in meters [m], A isctbgssection area of the
conductomeasuredn squaremeters[m2], U (sigma)is the electricalconductivity measuredn Siemensper
meter(Sml) , and |} (rho) is the electrical r ematesd,i

measured imhmmet er s (. qm) . Resistivity is a measurl

current. For purelyesistivecircuitsconductancesrelatedoresistanc® by:

For practical reasons, any connections to aaeadiuctor will almost certainly mean the current density is ng
totally uniform. However, this formula still provides a good approximation for long thin conductg

such aswires.
AC resistance
A wire carryingalternatingcurrenthasa reducedeffective crosssectionalareabecausef the skin effect.

Adjacentconductorgarryingalternatingcurrenthavea higherresistancehantheywould in isolationor
whencarryingdirect current,dueto the proximity effect. At commercialpowerfrequency theseeffects
significantfor large conductorscarrying large currents,suchas bus barsin an electrical substationor
largepowercablesarryingmorethanafew hundrecamperes.

Whenanalternatingcurrentflows throughthe circuit, its flow is not opposednly by thecircuit resistance,
but

alsoby the opposition of electric and magnetic fields to the current change. That effect is measurg
electrical reactance.The combined effects of reactanceand resistanceare expressedby electrical
impedance.

Measuring resistance

An instrument for measung resistance is called an ohmmeter. Simple ohmmeters cannot measure
resistanceaccuratel\becauseheresistancef theirmeasuringeadscauses voltagedropthatinterferes
with themeasuremensomoreaccuratalevicesusefour-terminalsensing.

Temperaturedependence

Near room temperature, the electric resistance of a typical metal increases linearly with r
temperaturayhile the electricalresistancef atypical semiconductodecreasewith rising temperature.
Theamountofthatchangen resistanceanbecalculatedusingthetemperatureoefficientof resistivityof
thematerialusinghefollowing formula:

R(T) = Ro[l1 + (T — Tp)]
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Where T is its temperature, TO is a reference temperature (usuallyteogrerature), RO is the resistance at
TO, and U is the percentage change in resis
thematerial being considered. The relationship stated is actually only an approximate one, the true pk
beingsomewhanhontlinear,or looking atit anothemway, Uitself varieswith temperatureFor thisreasorit
is usualtospecifythe temperaturehat Uwasmeasuredit with a suffix, suchasU 1 @&ndthe relationship
only holdsin arangeof temperaturearoundhereference.

Resistance

Temnerature

Fig. 1(a).7: Temperature characteristics of resistance

INDUCTANCE AND INDUCTOR
I. Elementary Characteristics
The coil in the figure simulates an inductor. The main issue is how the magnetic field IsE®gwothe

inductor(lineswith arrows). Thereis somemagnetidield atthetopbottomof thecoil too.

Fig. 1(a).8 Elementary characteristics

The currentl going throughthe inductor generatea magneticfield which is perpendiculato 1. The
Magnetid=ield H is givenby theloopsthatsurroundthe currentl. Thedirectionof the MagneticFieldis
given by thearrowsaroundthe loops. If the currentwasto flow in the oppositedirectionthe Magnetic

Fieldarrowswouldbereversed.Forapracticaldisplayof thisphenomenaee Magneticfield onwire.
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Fig. 1(a).8 Magnetic field on wire

It is the MagneticField which containsthe currentthroughthe coil which by the principle called Self-
Inductionwill induce a voltage VMore specifically speaking, the voltage V across the inductds L
given by:V =t / quilichreads the voltageV is causedy thechangen flux overthecorrespondent
changean time but since the change in flux is given by the inductance L anchidrege in current across
t h e ctbevdltagedlbecomes:

Al . v .
V= LA—T(Electrlcnl definition for inductance)
On the other hand the physical definition of nductance L is given by:

2A . SR
L= uN“T(Physncal definition for inductance)

wherep stands for the relative ease with which current flows through the inductor or Permeability of
medium.N stands for the number of turns in the colil, A stands foeridsssectional area, and the length of
thecoil is given by I. Hence this formula tells us that the more number of turns the larger the inductg
(i.e..currentcanbe containedbetter),alsothe largerthe crosssectionalareathe largerthe inductance(since
thereis more flux of currentthat can be contained)andthe longer the coil the smallerthe inductance
(since morecurrent can be lost through the turns). L is also proportiongh tosince the better the

permeability current wilflow with moreease.
Inductanceand Energy
By containingthe currentvia themagnetidield theinductoris capableof storingEnergy. A Transformer

suchas the one on the Figure will certainly remindafighe ability of storing Energy associated with
Inductors.Whereador acapacitoithe Energystoreddepend®ntheVoltageacrosst, for theinductorthe

1. .2 i - .
W = —LI*Where W stands for the energy on the inductor

Basic Inductor Circuit

=t v V=Ldi/dr

I
AAS
3

—

Fig. 1(a).9 Basic inductor circuit
The electrical parameters V and L (the inductance -measured in Henrys-H - review DC Basics or go to are
given. The current I is implicitly given by the relationship:
V=L di
Cde
Energystoredlependsnthecurrentbeingheld,suchthat:
In asimilarcaseaswith thebasiccapacitoicircuit we areimplying thatattime O aswitchclosesconnecting
thebattery to the coil and the inductor starts to get chargAtso, in all real cases there will be a small

resistancen seriewith theinductor butwewill gettothiscasen thediscussiormf R-L circuits.

At a specificpoint of time the voltageacrossthe inductoris expressedby V = Ldi/dt which is basically
the

electrical definition of inductance, except that since we are just focusing at a point in timetaatdan
interval of time delta= ¢p Twe will needto usethetermdt andsimilarly for the currentdi insteadof |
The electricablefinition still holds, sinceall we are sayingis that the flux or changein currentover time

timesthe inductancesthelnducedvoltageacrosshelnductor.
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CAPACITOR
A capacitor is a passiveelectrical component that can store energy in the electric field between a pair ¢
conductors (called "plates"). The process of storing energy icaghecitor is known as "charging”, and
involves electric charges of equal magnitude, but opposite polarity, building up on each plats

capacitor'ability tostorechargas measuretby its capacitancen unitsof farads.
Capacitorsareoften usedin electricandelectroniccircuits asenergystoragedevices.They canalsobe used

todifferentiatebetweerhigh-frequencyandlow-frequencysignals.

D

A

Fig 1(a).10 Capacitor

Theory of Operation
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Fig 1(a).11Parallel-Plate capacitor
Charge separationin a parallelplate capacitor causesan internal electric field. A dielectric (orange)
reducethefield andincreasethecapacitance.
A capacitorconsistsof two conductorsseparatedy a non-conductiveregion. The non-conductiveregion is
called the dielectric or sometimes the dielectric medium. In simpler terms, the dielectric is just an
electrical insulator. Examples of dielectric mediums are glass, air, paper, vacuum, and even a
semiconductodepletiorregion chemicallyidentical to the conductors. A capacitor is assumed to be self
contained and isolated, with met electric charge and no influence from any external electric field. The
conductors thus hold equal aodposite charges on their facing surfaces, andlitlectric develops an
electric field. In Sl units, aapacitancef onefaradmeanghatonecoulombof chargeon eachconductor
causesvoltageof onevoltacrosghedevice.

Fig 1(a).12 Demonstration of a paralleplate capacitor

Thecapacitor is a reasonably general model for electric fields within electric circuits. An ideal capacitor

9
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is wholly characterizetdy aconstantapacitanc€, definedastheratio of chargetQ oneachconductoto
thevoltageV betweerthem:

Sometimeschargebuild-up affectsthe capacitormechanically causingits capacitanceo vary. In this
casegapacitancesdefinedn termsofincrementathanges:

_dq

dt
Energy storage
Work mustbe doneby an externalinfluenceto "move" chargebetweenthe conductorsn a capacitor.
Wherthe external influence is removed the charge separation persists in the electric field and energy is
to bereleased when the charge is allowed to return to its equilibrium position. The work dong

establishing theectricfield, andhencegheamounbf energystoredjs givenby:

wfq Vd fQ 91O _ 1 Vo
q = — q = —_— = — == —
=0 g=0C 2C 2 2
OBSERVATION TABLE
S.No. Components for Type Measured Value Quality
identification/Testing By multimeter | By Color
Coding
1. Resistors i.
i
2. Capacitors I.
i
3. Inductors i.
i

PROCEDURE

For Resistors

1. Identify thetypeof elementandwrite in observatiortable.

2.  Finddifferentvaleof resistomusingcolorcodingandmulti meter notedownin observationable
3. Usingmulti metertestgivenresistorfor openandshortconditions.

For Inductors

1. Identify thetypeof elementandwrite in observatiortable.

2. Finddifferentvaleof resistomusingcolorcodingandmulti meternotedownin observatiornable.
3. Usingmulti metertestgivenresistorfor openandshortconditions.

For Capacitor

1. Identify thetypeof elementandwrite in observatiortable.

2. Finddifferentvaleof resistomusingcolorcodingandmulti meternotedownin observatioriable
3. Usingmulti metertestgivenresistorfor openandshortconditions.

store
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RESULT
Studyof variouspassivecomponentsiz. resistor capacitorjnductorandtheirtestingandidentification
haglone.

PRECAUTIONS

All connectiommustbetight.

Getthe circuit connectionsheckedy the teachebeforeperformingthe experiment.
Powertothecircuitmustbeswitchedonin thepresenceftheteacher.
Gettheexperimentateadingsheckedytheteacher.

Don'ttouchdirectly thelive partsof equipmen@andcircuit.

Wearleathershoesn thelab.

S A

VIVA VOICE:

1) What arethevarious usesf multimeter?
2)  Whatis acapacitor?

3) Whichdeviceis use tomeasureaccurrent?
4)  Whatis avoltmeter?

11




OBJECTIVE:
Introductionanduseof oscilloscope.

APPARATUS REQUIRED:

S.No Name of theequipment Quantities Type
1. Function Generator 1
2. CRO 1
3. Connecting Probe As Required

THEORY

CATHODE RAY OSCILLOSCOPE

The cathodeay oscilloscope (CRO) is a common laboratory instrument that provides accurate time
amplitudemeasurementsf voltagesignalsovera wide rangeof frequenciesilts reliability, stability, and
eas®f operationmakeit suitableasa generalpurposdaboratoryinstrument.The heartof the CROis a
cathoderaytubeshownschematicallyn Fig.2.1

Deflection plates Fluorescent
Cathode \ / screen
) 1

>]i i

Heater 1 I
Intensity grid

Focus grid Accelerating anode
(+)

(a)

R e e e | .

(b)

Fig: 1(b).1 Cathoderay oscilloscopes (CRO) (a) Schematic (b) Details of deflection Plate

and

The cathode ray is a beam of electrons which are emitted by the heated cathode (negativ:

electrode) andccelerated toward the fluorescent screen. The &bgarhthe cathode, intensity grid,
focus grid, andccelerating anode (positive electrode) is called an electron gun. Its purpose is to general
electron beanandcontrolits intensityandfocus.Betweenthe electrongunandthefluorescenscreerare
two pair of metaplates- one oriented to provide horizontal deflection of the beam and one pair orien

to give verticadeflectiontothebeam.
Theseplatesarethusreferredto asthe horizontalandvertical deflectionplates.The combinationof thesetwo

deflectionsallows the beamto reachany portion of the fluorescentscreen Whereverthe electronbeam
hitsthe screen, the phosphor is excited and light is emitted from that point. This conversion of electron e
into light allowsusto write with pointsor linesof light onanotherwisedarkenedcreen.
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Vertical o——{ Vertical

input amplifier 'I-Li' CRT
Sweep Swe

Egucmal 0—00‘0- Trigger | = g;lfr;a’lor —0\0_ Horizontal

rigger o o amplifier

A-C line signal O—

Horizontal ©
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nt

Oscilloscop€€ONNECTIONS FOR THE OSCILLOSCOPE
VerticallnputA pairof jacksfor connectinghesignalunderstudytotheY (orvertical)amplifier.The
lowerjackisgroundedothecase.

HorizontallnputA pairof jacksfor connectinganexternakignalto thehorizontalamplifier. Thelower
terminal

is groundedo the caseof theoscilloscope.

ExternalTriggerinputinputconnectofor externatriggersignal.
Cal.OutProvidesamplitudecalibratedsquarevavesof 25and500mili voltsfor usein calibratingthe
gainoftheamplifiers.

Fig 1(b).2 Block Diagram of

i i
(r ]‘l m& .y gﬁ” TINE? DN ATONORN | 1
LEVEL

INVERT
ChY

A =

N \r’
Oscilloscope ! D:’z -;E“E (Q CI) Dﬁ% . Ej onn G @

[ S— -

Fig 1(b).3 Cathode Ray Oscilloscope

Accuracyof theverticaldeflectionis + 3%. Sensitivityis variable.
Horizontalsweepshouldbe accurateo within 3%. Rangeof sweepis variable
Operatinginstructions:Before pluggingthe oscilloscopento a wall receptaclesetthe controlsasfollows:
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(@) Powerswitchatoff

(b)I ntensityfully countersclockwise

(c) Verticalcenteringn thecenteiofrange
(d) Horizontalcenteringn thecenterof range
(e) Verticalat0.2

(f) Sweepimesl

WARNING Neveradvancehe IntensityControlsofar thatanexcessivelbright spotappearsBright
spotsmply burningof the screenA sharpfocusedspotof high intensity (greatbrightnessshouldneverbe
allowedoremainfixedin onepositiononthescreerior anylengthof timeasdamagéo thescreemrmay
occur.

PROCEDURE
I. Set the signajjenerator to a frequency of 1000 cycles per second. Connect the output from the generator to
the vertical input of the oscilloscope. Establish a steady trace of this input signal on the scope. Adjust

(playwith) all of thescopeandsignalgeneratocontrolsuntil youbecomeamiliar with thefunctionof each.
Il. Measurementsf VVoltage:By adjustingheHorizontalSweegime/cmandtrigger,asteadytraceof the

sine
wave may be displayedon the screenThe tracerepresents plot of voltagevs. time, wherethe vertical
deflectionof thetraceaboutthe line of symmetryCD is proportionalto the magnitudeof thevoltageat
anyinstantoftime.

Volimeter 4!

Siznalm:OC VmDT/

generalor o

Vent. Input

Oscilloscope

(a) (b)
Fig 1(b).4 (a) Circuit for Procedure(b) Trace Seenon Scope

Therelationshigbetweerthemagnitudeof thepeakvoltagedisplayednthescopeandtheeffective
orRMSvoltage(VRMS)readontheAC voltmetelis
VRMS=0.707Vm (for asineor cosinevave).

Thus

[ll. FrequencyMeasurementsiVhenthe horizontalsweepvoltageis applied,voltagemeasurementsan
still be takenfrom the vertical deflection.Moreover,the signalis displayedasa function of time. If the
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time basdi.e. sweep)is calibrated,suchmeasurementas pulsedurationor signalperiodcanbe made.

Frequenciesanthenbedeterminedsreciprocabf theperiods.

IV. LissajousFigures: When sinewave signalsof different frequenciesare input to the horizontaland
vertical

amplifiersa stationarypatternis formedon the CRT whentheratio of the two frequenciess anintegral
fractionsuchasl/2,2/3,4/3,1/5, etc. ThesestationarypatternsareknownasLissajousfiguresandcanbe

usedforcomparisomeasuremertf frequencies.

Usetwo oscillatorsto generatesomesimple Lissajousfigures like thoseshownin Fig. You will find it
difficult to

maintainthe Lissajousfiguresin a fixed configurationbecausdhe two oscillatorsare not phaseand
frequencyocked. Their frequencies and phase drift slowly causing the two different sigraiarige
slightly with respecto eachother.

FUNCTION GENERATOR
A function generator is a device that can produce various patterns of voltage at a variety of frequencigs an

amplitudeslt isusedotesttheresponsef circuitstocommonnputsignals.

Q C
\
Il
? . it ‘
e
e FREQUENCY N N OUTPUT
s CONTROL }—4 L. NTEGRATOR> 8 '!'::"wf" A S G \‘0— AMPLIFIER p———=0 _JLIL
< NETWORK {7 -~ el 1 O\ TPUT
< ' —_~ VIERAT OR LR
S\ _ L
=\ |
~ EXTERNAL
o FREGUENCY 0 NN
CONTRO QUTRUT
CONSTANT RESISTANCY . - =
CURRENT DIODE N OUTPUT
. FREQUENCY — sueely SHAPING | O ARCLIFER. =0
% CONTROL LOURCE, 2 CIRGUIT 3
. CONTROL SOURC CiRCU! ouUTPUT

Fig 1(b).5 Function Generator

A functiongenerators usuallya pieceof electronictestequipmenbr softwareusedto generatalifferent
typesof electrical waveforms over a wide range of frequencies. Some of the most common waveforms
produced bythe function generator are the sine, square, triangular and saw tooth shapes. These waveform
can be eitherepetitive or singleshot (which requires an internal or external trigger source) Integrated
circuits used t@enerate waveforms may albe described as function generator &gough function
generators coveroth audio and RF frequencies, they are usually not suitable for applications that need low
distortion or stabldrequencysignals.Whenthosetraits arerequired,othersignalgeneratorsvould be more
appropriate.

Somefunction generatorsanbe phaselockedto an externalsignal source(which may be a frequency
referencepr anotherfunctiongeneratorFunctiongeneratorsreusedin the developmenttestandrepair
of electronicequipment.For example,they may be usedas a signal sourceto test amplifiers or to
introducearerrorsignalintoacontrolloop.

Working
Simple function generators usually generate triangular waveform whose frequency aamrb#ed

smoothly as well as in steps. This triangular wave is used as the basis for all of its other outputs] The
triangularwaveis generatedy repeatedlycharginganddischarginga capacitorfrom a constantcurrent
source.Thisproduces a linearly ascending or descending voltage ramp. As the output voltage reache:
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upper and lowéimits, the charging and discharging is reversed using a comparator, producing the linear
triangle wave. Byaryingthe currentandthesizeof the capaitor, differentfrequenciesnaybeobtained.
Sawtoothwavescanbe produced by charging the capacitor slowly, using a current, but using a dipde
over the current source tlischargequickly - the polarity of the diode changesthe polarity of the
resultingsawtooth,i.e. slowriseandastfall, orfastriseandslowfall.

A 50% duty cyclesquare wave is easily obtained by noting whether the capacitor is being charged or
discharged, which is reflected in the current switching compaaattuut. Other duty cycles (theoretically
from 0% to 100%) can be obtained by using a comparator and the saw tooth or triangle signal. Mos
functiongeneratorglsocontainanonlineardiodeshapingeircuit thatcanconvertthetrianglewaveinto a
reasonablgccurate sine wave by rounding off the corners of the triangle wave in a process similar to
clipping in audisystems.

A typical function generatorcan provide frequenciesup to 20 MHz RF generatordor higher frequencies
are

not function generatoia the strict sense since they typically produce pure or modulated sine signals
only.Function generatorsjike most signal generatorsmay also contain an attenuator,various
meansofmodulatingtheoutputwaveform,andoftentheability to automaticallyandrepetitively'sweep”
thefrequencyf theoutputwaveform(by meansf avoltagecontrolledoscillator)betweertwo operator
determinedimits.Thiscapabilitymakest very easyto evaluatéhefrequencyresponsef agivenelectronic
circuit.

Somefunctiongeneratorganalsogeneratavhite or pink noise.

More advancedunctiongeneratorsrrecalledarbitrarywaveformgeneratoréAWG). Theyusedirect
digitalsynthesigDDS)techniqueso generatanywaveformthatcanbedescribedy atableof amplitudes.

Fig. 1(b).6 Function generators output waveforms

RESULT
We havestudiedaboutthe constructionworking of CRO, function generatorandlearnhow to
measur&equencyyoltagewith thehelpof CRO.

PRECAUTIONS

1.  All connectionmustbetight.

2.  Getthecircuit connectionsheckedoy the teachetbeforeperformingthe experiment.
3.  Powerttothecircuitmustbeswitchedonin thepresenceftheteacher.
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Experiment No. 1(b)

Aim:

Demonstration o€ut-out setions of machines: dc machine (Commutdarsh arrangement), induction
machine(squirrelcagerotor), synchronousnachine(field winging - slip ring arrangementandsingle
phasenductionmachine.

DC Machine: Construction and their Applications

The DC machine can be classified into two types namely DC motors as well as DC generators. Most
DC machinesare equivalentto AC machinesbecausehey include AC currentsas well asAC voltagesin
them.The output of the DGnachine is DC output because they convert AC voltage to DC voltage. T
conversion ofthis mechanismis known as the commutator,thus thesemachinesare also namedas
commutatingmachinesDC machineis most frequently usedfor a motor. The main benefitsof this
machineincludetorqueregulatioraswell aseasyspeedTheapplicationof the DC machines limited to
trains, mills, and mines.As examplesundergroundsubwaycars, as well astrolleys, may utilize DC
motors.In thepast,automobilesveredesignedith DC dynamogor chargingheirbatteries.

What isa DC Machine?

A DC machine is an electromechanical energy alteration device. The working principle of a
machine iswhen electric current flows through a coil withinregnetic field, and then the magnetic
force generates tarquewhichrotategshedcmotor.TheDC machinesreclassifiednto two typessuchas
DC generatoaswellasDC motor. Themainfunctionof the DC generators to convertmechanicapower

to DC electricalpowerwhereas a DC motor converts DC power to mechanical power. The AC moto
frequently used in thendustrial applicationsfor altering electrical energy to mechanicalenergy.

Yo Frame fa imnar

However,aDC motoris applicablevherethe goodspeedregulation& amplerangeof speedsarenecessary
like in electrictransactiorsystems.

Fig 4.1: DC machine

Construction of DC Machine

The constructionof DC machinecanbe doneusingsomeof the essentiapartslike Yoke, Polecore &
poleshoesPolecoil & field coil, Armaturecore,Armaturewinding otherwise conductoicommutator,
brushes& bearingsSomeof thepartsof theDC machinasdiscussetelow.

Df the

he

DC

ris
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Frame
or yoke

Field Pole

Field
winding

Shaft Commutator

Armature

Pole shoe conductor

Yoke Fig 4.2 : parts of dc machine
Another name of a yoke is the frame. The mhinction of the yoke in the machine is to offer
mechanicalsupport intended for poles and protects the entire machine from the moisture, dust, etc.

materials used itheyokearedesignedvith castiron, caststeelotherwiseaolledsteel.
Poleand PoleCore

Thepoleof theDC machinegs anelectromagneandthefield winding is winding amongpole.Whenever
fieldwinding is energized then the pole gives magnetic flux. The materials used for this are cast

The

steel

cast ironotherwise pole core. ttan be built with the annealed steel laminations for reducing the power drop

because ofheeddycurrents.
PoleShoe
Pole shoe in DC machine is an extensive part as well as enlarge the region of the pole. Because of this

regic

flux can be spread owtithin the airgap as well as extra flux can be passed through the air space toward

armature. The materials used to build pole shoe is cast iron otherwise cast steed, and also used &
steelaminationtoreducehelossof powerbecausef eddycurrents.

Field Windings

In this, the windings are wounded in the region of pole core & named as field coil. Whenever curre
suppliedthroughfield winding then it electromagneticshe poleswhich generaterequiredflux. The

materialusedforfield windingsis copper.
Armature Core
Armaturecoreincludesthe hugenumberof slotswithin its edge Armatureconductoris locatedin theseslots

It provides the lowreluctance path toward the flux generated with field winding. The materials uskid in

nnec

nt is

coreare permeability loweluctance materials like iron otherwise cast. The lamination is used to decreasg the

lossbecauseftheeddycurrent.
Armature Winding
The armature winding can be formed by interconnecting the armature conductor. Whaereveatare

winding is turned with the help of prime mover then the voltage, as well as magnetic flux, gets induced within

it. This winding is allied to an exterior circuit. The materials used for this winding are conduct

material likecopper.
Commutator
The main function of the commutatorin the DC machineis to collect the currentfrom the armature

ing
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conductoas well as supplies the current to the load using brushes. And also providiaectional
torque for DG motor. The commutatoicanbe built with a hugenumberof segmentsn the edgeform of
harddrawncopperTheSegments thecommutatoareprotectedromthinmicalayer.

Brushes

Brushes in the DC machine gather the current from commutator and suppliestértor load. Brushes wear
with time to inspect frequently. The materials used in brushes are graphite otherwise carbon which
rectangulaform.

AC Machine: Construction andworking of squirrel cageinduction motor.

A 3 phase squirrel cageduction motor is a type of three phase induction motor which functions based on
principle of electromagnetism. It is called a 'squirrel cage' motor because the rotor insid&raivitn
as asquirrelcagerotor'i lookslike asquirrelcage.

This rotor is a cylinder of steel laminations,with highly conductive metal (typically aluminum or
copper) enbedded into its surface. When an alternating current is run through the stator windings, a r
magnetidield isproduced.

This induces a current in the rotor winding, which produces its own magnetic field. The interactio
themagnetidieldsproducedythestatorandrotorwindingsproducesitorqueonthesquirrelcagerotor.
Onebig advantagef a squirrelcagemotoris how easilyyou canchangets speeetorquecharacteristics.
This canbedoneby simply adjustingthe shapeof thebarsin therotor. Squirrelcageinductionmotorsare

usedhlotinindustryi astheyarereliable self-startingandeasytoadjust.
SquirrelCagenductionMotor WorkingPrinciple
When a 3 phase supply is given to the stator winding it sets up a rotating magnetic field in space.

rotatingmagnetidield hasaspeedvhichisknownasthesynchronouspeed.

This rotatingmagnetidfield inducesthe voltagein rotor barsandhenceshortcircuit currentsstartflowing
in

the rotor bars. These rotor currents generate theinmsaihetic field which will interact with the field of
thestator.Now the rotor field will try to opposeits cause.andhencerotor startsfollowing the rotating

magnetifield.
The momentrotor catcheghe rotating magneticfield the rotor currentdropsto zeroasthereis no more

relative motion between the rotating magnetic field and rattence, at that moment the rotor
experiencezerotangentiaforcehenceherotordeceleratefor themoment.

Aluminum Alumintm
End Ring Bars

Steal
Leaminalions

(T

YL

Fig 4.3 rotor

After decelerationof the rotor, the relative motion betweenthe rotor and the rotating magnetic
fieldreestablishebencerotor currentagainbeinginduced.So again,the tangentialforce for rotationof the

is il

the

Dtatin

n of

This

rotor isrestored,and thereforeagainthe rotor startsfollowing rotating magneticfield, andin this
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way, the rotormaintains aonstant speeghich isjustless tharthe speeaf rotating magnetidield or
synchronouspeedSlip is a measureof the differencebetweenthe speedof the rotatingmagneticfield

androtor speed.Thefrequencyof therotorcurrent=slip x supplyfrequency
SquirrelCagelnductionMotor Construction
A squirrelcageinductionmotor consistof the following parts:

A Stator
A Rotor
A Fan
Bearings Currant owing
7 right 10 fatt
Canter of rolor
Cener of North / I;,\-hf (No CL..-fen!
stztor pole flow in 1otor bar)
) . Currant lowing
Lines of flux in end nngs
Cenier of rolor .
poie (Nc current
flow In rotor bar)
Current flowing. -
in and rings -
¢ ‘ 7 2 AA-ﬁ;..
Lines of flux = \-\ \'\!\._,‘ | 193552 o S R -
N T o \ Currant fliowing
el T laft 1o fight
Centar of Sauth —
stator pole
Stator

It consists of a 3 phase winding with a core and metal housing. Windings arglaceth that they are
electrically and mechanically 1200 apart from in space. The winding is mounted on the laminated iron cqg
providelow reluctancgathfor generateflux by AC currents.

Fig 4.5:stator
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Rotor

Fig 4.6:stator

It is the part of the motor which will bein a rotationto give mechanicabutputfor a given amountof

electricaknergy. The rated output of the motor is mentioned on the nameplate in horsepower. It cof

of a shaftshortcircuitedcopper/aluminunbarsandacore.

nSist:
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Fig 4.6:Rotor

Therotor coreis laminatedo avoid powerlossfrom eddycurrentsandhysteresisConductorareskewed
topreventoggingduringstartingoperatiorandgivesbettertransformatiomatiobetweerstatorandrotor.

Fan

A fanis attachedo the backsideof therotor to provideheatexchangeandhenceit maintainsthe
temperaturef themotorunderalimit.

Bearings

Bearingsareprovidedasthebasdor rotormotion,andthebearingkeepthesmoothrotationof themotor.
Application of Squirrel Cagelnduction Motor

Squirrel cage induction motors are commonly used in many industrial applications. They
particularly suitedfor applicationswherethe motor mustmaintaina constantspeed be self-starting,or
thereisadesireforlow maintenance.

Thesemotors are commonly usedin:

A Centrifugalpumps

Industrialdrives(e.g.to run conveyorbelts)

Largeblowersandfans

Machinetools

Lathesandotherturning equipment

Advantagesof Squirrel Cagelnduction Motor

Someadvantagesf squirrelcageinductionmotorsare:

Theyarelow cost

Requirelessmaintenancéasthereareno slip ringsor brushes)
Goodspeedegulation(they areableto maintaina constanspeed)

High efficiencyin convertingelectricalenergyto mechanicaénergy(while running,notduringstartup)
Havebetterheatregulation(i.e. don'tgetashot)

Smallandlightweight

Explosionproof (asthereareno brushesvhich eliminatetherisks of sparking)

To To o I

To o o To I To I

Disadvantage®f Squirrel Cagelnduction Motor

Although squirrel cage motors are very popular and have many advantaged§ they also have
somealownsidesSomedisadvantagesf squirrelcagenductionmotorsare:

A Verypoorspeedontrol

A Althoughtheyareenergyefficient while runningat full load current,they consumea lot of

energyonstartup

A Theyaremore sensitiveto fluctuationsin the supplyvoltage.Whenthe supplyvoltageis
reduced,

inductionmotordrawsmorecurrent.Duringvoltagesurgesincreasen voltagesaturateshe

magneticomponentsfthesquirrelcagenductionmotor

A They havehigh startingcurrentandpoor startingtorque(the startingcurrentcanbe 5-9 timesthe
full
load current; the startingprque can be 1-3 timesthe full load torque)

Construction of SynchronousMachines
Synchronousnachinegun at synchronouspeedThe synchronouspeeds given by

120 f
p

A g
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Where, Ns = synchronous speed, f = supply frequency and p = nunjiesf As we can see from the
equationthesynchronouspeediepend®nthefrequencyof thesupplyandthenumberof poles.

The constructionof a synchronousmachineis very similar to the constructionof an alternator.Both
are

synchronousnachinesvhereonewe useasamotorandtheotherasageneratorJustiike anyothermotor,
the synchronousnotor also hasa statorand a rotor. We will look into the constructiondetailsof the
variougartin onedetail.

Fig 4.7: Stator of Synchronous Motor

Themainstationarypartof themachinas stator.Thestatorconsist®f thefollowing parts.

Stator Frame

The statorframeis the outerpart of the machineandis madeup of castiron. It protectsthe enterinner partsof
themachine.

Fig 4.8: Stator frame of Synchronous Motor
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Stator Core
The stator core is made up of thin silicon laminations. It is insulated by a surface coating to minif

hysteresisand eddy current losses. Its main purpose is to provide a path oéllastance for the magnetic
lines of forceandaccommodatthestatowindings.

Fig 4.9: Stator coreof Synchronous Motor

Stator Winding
The statorcorehascutson the inner peripheryto accommodat¢he statorwindings. The statorwindingscould

beeitherthreephaseavindingsor singlephaseavindings.

Fig 4.10: Stator windingof Synchronous Motor

Enamelledcopperis usedas the winding material.In the caseof 3 phasewindings, the windings
ardlistributedoverseveraklots.Thisisdoneto produceasinusoidadistributionof EMF.

Rotor of SynchronousMotor

Therotoris themoving partof the machine Rotorsareavailablein two types:

A SalientPoleType

A CylindricalRotorType

The salientpole type rotor consistsof polesprojectingout from the rotor surface.It is madeup of
steelaminationdoreducesddycurrenfosses.

nize
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Fig 4.11:Rotor of SynchronousMotor

A salient pole machine has a noniform air gap. The gap is maximum between the poles and is minimum
the pole centres.They are generally used for medium and low-speedoperationsas they have a large

numbepf poles Theycontaindampewindingswhichareusedor startingthemotor.

ﬁ_ cr{IindricaI rotor is madefrom solid forgings of high-gradenickel chrome molybdenumsteelforgings of
9

grade nickel chrome molybdenumsteel. The poles are createdby the current flowing through the

windingsTheyareusedfor high-speedapplicationsastheyhavelessnumberof poles.Theyalsoproduce

lessnoiseandwindage losses as they have a uniform air gap. DC supply is given to the rotor wind

via slip-rings. Oncetherotorwindingsareexcited theyactlike poles.

SinglePhasdnduction Motor

We use the singlphase power system more widely than thpbase system for domestic purposes

commercial purposes and some extent in industrial uses. Because, theplsasglesystem is more

economicathanathreephasesystemandthe powerrequirementn mostof thehousesshopspfficesare

small,whichcanbeeasilymetbyasinglephasesystem.

Thesinglephasemotorsaresimplein constructioncheapn cost,reliableandeasyto repairandmaintain.

Due to all theseadvantagesthe single phasemotor finds its applicationin vacuum cleaners,fans,

washingnachinesgentrifugalpumpsplowerswashingnachinesetc.

ThesinglephaséAC motorsarefurtherclassifiedas:

1.  Singlephasenductionmotorsor asynchronousnotors.

2. Singlephasesynchronousnotors.

3. Commutatomotors.

Thisarticlewill providefundamentalsjescriptiorandworking principleof singlephasenduction

motor Constructiorof SinglePhasénductionMotor

Like any otherelectricalmotorasynchronousiotor alsohavetwo main partsnamelyrotor andstator.

25
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Stator:

As its nameindicatesstatoris a stationarypartof inductionmotor.A singlephaseAC supplyis givento
thestatorof singlephasenductionmotor.

Rotor:
Therotorisarotatingpartof aninductionmotor.Therotorconnectshemechanicaloadthroughtheshatft.
Therotorin thesingle phasenductionmotoris of squirrelcagerotortype.

Theconstructiorof singlephasanductionmotoris almostsimilarto thesquirrelcagethreephase
induction

motor.Butin caseof asinglephase@nductionmotor,thestatorhastwo windingsinsteadof onethree
phas&indingin threephasenductionmotor.

Stator of SinglePhasdnduction Motor

The statorof the singlephaseinductionmotor haslaminatedstampingto reduceeddy currentlosseson
itsperiphery.The slotsareprovidedon its stampingto carry statoror mainwinding. Stampingsaremade
up ofsilicon steelto reducethe hysteresidossesWhenwe apply a singlephaseAC supplyto the stator
winding,the magneticfield getsproducedandthe motor rotatesat speedslightly lessthanthe synchronous
speed\s.

120
N, = =1
4 1})

Synchronouspeed Ns is given by

Where,f=supplyvoltagefrequency P= No. of polesof themotor.

The constructiomf the statorof the singlephaseinductionmotoris similar to thatof threephase
inductiommotorexceptherearetwo dissimilaritiesn thewindingpartof thesinglephasenductionmotor.

1.  Firstly,thesinglephasenductionmotorsaremostlyprovidedwith concentricoils.We caneasily
adjust

the numberof turns per coil canwith the help of concentriccoils. The mmf distribution is
almossinusoidal.

2.  Excepffor shadegbolemotor,theasynchronousotorhastwo statoiwindingsnamelythemain
winding
andtheauxiliarywinding.Thesédwowindingsareplacedn spacejuadraturéo eaclother.

Rotor of SinglePhasdnduction Motor

The construction of the rotor of the singibase induction motor is similar to the squirrel cage three
phasénductionmotor. Therotoris cylindrical andhasslotsall overits periphery The slotsarenot made
paralleltoeachotherbut area little bit skewedasthe skewingpreventsmagneticlocking of statorand
rotor teethandnakegheworking of inductionmotormoresmoothandquieter(i.e.lessnoisy).

The squirrelcagerotor consistsof aluminum,brassor copperbars.Thesealuminumor copperbarsarecalled
rotor conductors and placed in the slots on the periphery of the rotor. The copper or aluminum
permanentlghorttherotorconductorgalledtheendrings.

To providemechanicaktrength theserotor conductorsare bracedto the endring andhenceform a complete
closed circuit resembling a cage and hence got its name as squirre@idiagieon motor. As end rings
permanentlyshort the bars, the rotor electricalresistancas very small and it is not possibleto add
externakesistancesthe barsget permanentlyshorted.The absencef slip ring and brushesmakethe
constructiorofsinglephasenductionmotorverysimpleandrobust.
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Capacitor

RESULT:
We havestudiedaboutDC machinesSquirrelcageinductionmotor,Synchronousnachinesl-ph
inductiommotor.

VIVA VOICE:

1.  Why 1-ph induction motor is not sedftarting?

2. Whatisthedifferencebetweerdcmachineandsynchronousnachine?
3. Whatisslip?

4.  Writethetypesofdcmachine?
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1C. Componentsof LT switchgear:

Definition:
The apparatusisedfor switching, controlling and protectingthe electricalcircuits and equipmentis known

aswitchgear.

The term'switchgearls agenerictermthatincludesa wide range ofswitchingdevicedike circuit
breakers,

switches,switch fuse units, off-load isolators,HRC fuses,contactors miniature circuit breakers,
ELCBsGFClsetc.

It alsoincludesthe combinationof theseswitchingdeviceswith associateadontrol, measuringprotectingand
regulating equipment.The switchgeardevicesand their assembliesare usedin connectionwith the
generationtransmissiondistribution,andconversiorof electricalenergy.

We all arefamiliar with low voltageswitchesandre-wirable fusesin our homes Switchesareusedfor
opening

andclosinganelectriccircuit while fusesareusedfor over-currentandshortcircuit protectionIn sucha

way everyelectricaldevicewantsaswitchingandaprotectingdevice.

Variousformsof switchingandprotectivedeviceshavebeendevelopedThusswitchgearcanbetakenasa
generalterm coveringa wide rangeof equipmentconcernedvith the switching, protection,andcontrol
ofvariouselectricalequipment.

Function of aSwitchgear

Switchgeathasto performthe functionsof carrying,makingandbreakingthe normalload currentlike a
switchln addition,it hasto performthefunction of clearingthe fault currentfor which sensingdevices

like currentransformerspotentialtransformersandvarioustypesof relays,dependingon the application,
areemployed.Therealsohasto be provisionfor metering,controllinganddata,whereininnumerable
devicesareusedforachievingheswitchingfunction.

Thus switchgear can include circuit breaker, current transformers, poteatiaformers, protective
relaysmeasuring instruments, switches, fuses, MCBs, surge arrestors, isolators, and various assq

types oéquipment.
Now let'slook into the component®f switchgeatn detail.

Componentsof Switchgear

Switchgearessentiallyconsistsof switching and protectingdevicessuchas switches,fuses,isolators,
circuit breakers, protective relays, control panels, lightning arrestors, current transformers, pote
transformergutoreclosuresandvariousassociatedquipment.

Sometypesof equipmentare designedto operateunder both normal and abnormalconditions.Some
equipmenis meantfor switchingandnot sensinghefault.

During normal operation, switchgear permits to switch on or gafherators, transmission lines,
distributorsandotherelectricalequipmentOnthe otherhand whenafailure (e.g.shortcircuit) occurson
any part of thepower systemheavy current flowghrough the equipment, threatening damage to th
equipment andhterruptionof serviceothecustomers.

However theswitchgeadetectghefault anddisconnectsheunhealthysectionfrom thesystem(Formore
detailsvisit working of a circuit breakerandprotectiverelays.)

Similarly, switching and current interrupting devices play a significant role in the modern electr
network,right from generatingstations, transmissionsub-stations at different voltages, distribution
substationsand

loadcentersTheswitchingdeviceheres calledacircuitbreaker.
The circuit breaker,along with associatedlevicesfor protection,meteringand control regulation,is

ciate
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calledaswitchgear.
Readin detailaboutComponent®f Switchgear

Evolution of Switchgear
The switchgear equipment is essentially concerned with switching and interrupting currents either (
normalorabnormabperatingconditions.

The tumbler switch with ordinary fuse is the simplestform of switchgearand was usedto control and
protect

lightsandotherequipmenin homespffices,etc.

For circuits of a higherrating, a high-rupturingcapacity(H.R.C.)fusein conjunctionwith a switchmay
servethe purposeof controlling and protectingthe circuit. However, such switchgearcannotbe used
profitably onahighvoltagesystem(33kV) for tworeasons.

Firstly, whena fuse blows, it takessometime to replaceit and consequentlythereis an interruptionof
service

to thecustomers.

Secondly the fuse cannotsuccessfullyinterruptlarge fault currentsthat resultfrom the faults on high
voltagesystem.

With theadvancemenbf the powersystem Jinesandotherequipmenibperateat high voltagesandcarry
largecurrents. When a short circuit occurs on the system, a heavy current flowing through the equipmen
causeonsiderabldamage.

In orderto interruptsuchheavyfault currents automaticcircuit breakergor simply circuit breakersjareused.

inde

I may

A circuit breaker is one switchgear which can open or close an electrical circuit under both normal anc

abnormatonditions.

Evenin instancesvherea fuseis adequateas regardsto breakingcapacity,a circuit breakermay be
preferablelt is becausea circuit breakercanclosecircuits, aswell asbreakthemwithout replacement
andhushasawiderrangeof usealtogethethanafuse.

EssentiaFeatureof Switchgear

The essentidkeaturesof switchgear are

1. CompleteReliability

2. Absolutely certaindiscrimination

3. Quickoperation

4.  Provisionfor manualcontrol

1. Completereliability
With the continuedrendof interconnectiorandtheincreasingcapacityof generatingstationsthe need
forreliableswitchgeahasbecomenf paramounimportance.

Thisis notsurprisingoecausé is addedo thepowersystentoimprovereliability. Whenafaultoccurson
any

partof the powersystemthey mustoperateo isolatethefaulty sectionfrom theremainderircuit.

2. Absolutelycertain discrimination

Whena fault occurson any sectionof the powersystem the switchgeamustbe ableto discriminatebetween
thefaulty sectiorandthehealthysection.

It shouldisolatethe faulty sectionfrom the systemwithout affectingthe healthysection.This will
ensure

continuityof supply.

3. Quick operation
Whenafault occursonanypartof thepowersystemtheswitchgeamustoperateguickly sothatno
damages doneto generatorgransformerandotherequipmenby theshortcircuit currents.

If thefaultis notclearedquickly, it islikely to spreadnto healthyparts thusendangeringompleteshut
down
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of thesystem

4.  Provisionfor manualcontrol
Switchgeamusthaveprovisionfor manualcontrol. In casethe electrical(or electronics)controlfails,
thenecessargperatiorcanbecarriedoutthroughmanuakontrol.

Classificationof Switchgear

Switchgear cameclassified orthe basis ofthevoltage leveinto the following
1. Lowvoltage(LV) Switchgear

2.  Mediumvoltage(MV) Switchgear

3. Highvoltage(HV) Switchgear

1. Low VoltageSwitchgear

Switchgearfor low voltageapplicationds generallyratedup to 1000V AC and1500VDC.

The commonly used low voltage switchgear deviresude oil circuit breakers(OCBs), air circuit
breakerg§ACBSs), switch fuse units (SFUs), dffad isolators, HRC fuses, earth leakage circuit breake
(ELCBSs),Residual Current Protective Devices (RCCB & RCBO), miniature circuit breakers (MCB) g
moulded casarcuitbreaker§MCCB)etc.i.e.all theaccessorieequiredo protecthelLV system.
Themostcommoruseof thisisin LV distributionboard.

ReadnoreaboutLow VoltageSwitchgear.

2. Medium Voltage Switchgear

Switchgear fomediumvoltageapplicationds ratedfrom 3.3kV to 33kV class.

Medium voltage switchgear is mainly used for the distribution of electrical energy connected to var
electricalnetworks.They include most of the substationequipmentsuch as minimum oil circuit breakers,
bulkoil circuit breakers, air magnetic switchgear, SF6 gas insulated switchgear, vacuum switchgea

gasinsulatedswitchgear.

They may metal enclosedindoor type, metal enclosedoutdoor type, outdoor type without a metal
enclosureTheinterruptionmediummaybeoil, SF6,andvacuumetc.

The main requirement of MV power network is to interrupt the current during faulty conditi
irrespective oivhattype of CB is usedin the system.Although it may be capableof functioningin other
conditionsalso.

Mediumvoltageswitchgearshouldbe capableof,
Normal ON/OFF switching operation.
Shortcircuit currentinterruption.
Switching of capacitivecurrents.
Switchingof inductivecurrents.
Somespecialapplication.

To Do To To I

3. High VoltageSwitchgear

The powersystemdealswith thevoltage abov@6KkV arereferredto ashigh voltage.

As thevoltagelevel is high the arcingproducedduring switchingoperationis alsovery high. So, specialcare
tobetakenduringdesigningf highvoltageswitchgear.

High voltagecircuit breakergsuchasSF6Circuit breakeror VacuumCircuit breaker)arethe main
component

S
ind
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of HV switchgearHencehigh voltage circuit breakershould have specialfeaturesfor safeand

reliableoperation.

Faulty tripping andswitchingoperationof high voltagecircuit breakersarecomparativelyery rare. Most of
the

time thesecircuit breakergemainat ON conditionandmay be operatedaftera long periodof time. So

CircuitBreakersnustbereliableenougho ensuresafeoperationaswhenrequired.
ReadnoreaboutdifferentTypesof High VoltageCircuit Breakers.

Indoor and Outdoor Switchgear

The main component®f switchgearare circuit breakersswitches busbars,instrumentsand
instrumentransformers.

It is necessaryo housethe switchgeain powerstationsandsubstationsn suchaway soasto safeguard
personnetluringoperatiorandmaintenancandto ensurehattheeffectsof fault onanysectionof the
geaareconfinedto alimitedregion.

Dependinguponthe voltageto be handled switchgeamay be broadlyclassifiedinto

1. Outdoortype Switchgear

2. Indoortype Switchgear

Outdoor Switchgear

Forvoltagedbeyond6kV, switchgeaequipmentsinstalledoutdoor.

It is because, for such voltages, the clearances between conductors and the space required for s
circuit breakers, transformers, and others equipment become so great that it is not economical to
allsuchequipmentindoor.

vitch
inste
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Experiment No-02

2(a):TRANSIENT RESPONSE OF RC NETWORK
AlIM:

Study and obtain the transient response of a seri@Network

APPARATUS:
S. No. Name of the Equipment Range Type Quantity
1 Function Generator
2 Required resistors
3 Required Inductors
4 Required capacitors
5 Voltmeter
6 Connecting wires

CIRCUIT DIAGRAM:

THEORY : Let us consider the-R circuit as shown below

R
O\'Q'VV\,

.
t=0

+
V(t) == C =
- i(t)

AR
s

Applying KVL, we obtain
1
v(t)=Ri(t)+— |i(t)dt
(1) = Ri(t) +— [i(0)d

Taking Laplace transform on both sides of the above equation,

V(s)= RI(s) +l[‘r ) , 90 }
|l s

5

or.  V($)=RI(s)+ ‘r::} 4 Y0

5

Now as all initial conditions set equal to zero, i.e. v.(0 )=0, so the
equation becomes

V(s) = RI(s)+ 1)
5

-

NI
or. Vis)=1( )[R-l-s(?}
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Example

To study the transient response of aseri€&s Rc i r c ui t wher e

conditions

1) source voltage is 40V DC with atiitial conditions set equal to zero.

R=200q, (=1

2) source voltage is a pulse signal with a period of Os, width of 5ms, rise and fall times of 1us, ampli

of 20V
and an initial value of OV and all initial conditions set equal to zero.

For Case - 1:-
: 40
v(t) =40u(r) V(s)= =
sC 40 40 1
Therefore, ‘“:?} = — =

[ R 1
RC(s+— 5+ —
( Rf?] ( RF]

Taking Inverse Laplace transform on both sides of the above equation,

1

— e, f

40 .
i(t)=—e ¢
(f) 2

F'LIT[:i]fIE R = znm-l .ﬂnd {H' = I.GJIIF_' W Eﬂ
i(f) = 40 —so0s
200

40
—n Ht)=—A=200mA
atr=0, i7) 200

ari=T=RC=2ms_ i(t)=200=x(37%)=T4mA

Voltage drop across the resistor R is,

. 40 _sp0; —500.1
o(6) = Ri(t) = 200 x —— &% = 40
R (1) i(t) KZD[} e €

At =0 F;R{f] :ﬂ'

tude
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T4mA '—K

0 7 M 3 d4¢ 51 0T 2k

Voltage drop across the capacitor C is,
V() =) =V (1) = 40(1—e ")

atr=0, V-()=0
At T =0 l’{,{:}=4{]\-’

The plot of V.(f) vs.[ is as follows:
Vatt)

For Case - 2:-

W)= 20{u(r) —ulr =1)]

- T
Therefore, HS}:T“_E )

4r B¢
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20sC(1—e )
sRC(s +——-l )
RC

I(s) =

Taking Inverse Laplace transform on both sides of the above equation,

Ol == (-1
i(1) =2—[e RC ' yt)—e BC . u(t— l)]
R
Putting R = 200Q2 and C =10uF e get

i(r)= —2202) e > y(t) — e Ny (1 - 1)]

: 20
A(t=0,’(’)=ﬁ = 100mA

A,(:oc_i(t)=0

Voltage drop across the resistor R is,
. B X ~ S00.{—
V()= Ri(t) =200x [e S00L20(e) — e My (e — 1)]
200

o,  Ve(®)= zo[e""‘“u(:)—e"“"""“ u(t—1) ]

Att=0, Vi(r) =20V
At I =00 l"R(I)z()

Voltage drop across the capacitor € is.

V(1) =) — V(1) =20(1 —e ™ Yu(r) — 20(1 — e > Myu(z - 1)

At 1=0, "((I)ZO
art=m V.()=0
Att=T=5ms_FVo(1)=18.36V

PROCEDURE:

1. Connect the circuit as shown in fig.
2. Set the voltage Accordingly Case 1 & Case 2.

3. Vary the frequency of the signal in steps and note down the magnitude of response on

CRO respectively.( response wave formoliserved across ElementsGiR

4. Form the observation table between the time and magnitude of response in CRO.

5. Draw a graph between time and magnitude of response on théogemi
sheet.
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Observation Table

S. No t(sec) Ic (1) Ve ()

Vr(t)

A WIN |-

RESULT: Transient response of a serieCRnd series R circuit
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EXPERIMENT i 2 (b)

TRANSIENT RESPONSE OF RL NETWORK

AlM:
Study and obtain the transient response of a seriesiRRuit
APPARATUS:
S. No. Name of the Equipment Range Type Quantity

1 Function Generator
2 Required resistors
3 Required Inductors
4 Required capacitors
5 Voltmeter
6 Connecting wires

CIRCUIT DIAGRAM:

THEORY : Let us consider the-R circuit as shown below

Let us consider the RL circuit as shown below:
R

{

t=0 / +

{ i(t) -
w

Applying KVL, we obtain

v(t) = Ri(t)+ L

V(t)

T AAT

di(1)
d
Taking Laplace transform on both sides of the above equation,

V(s) = RI(s)+ L[sI(s)—i(0 )]

Now as all initial conditions set equal to zero, i.c. i(0_)=0, so the equation

becomes
V(s)=I(s)[R+sL]
= 6 _1 V6
or, R+slL L

R
S+—
L

To study the transient response ofaseriesR ci r cui t
conditions:
1) Source voltage is 10V DC with all initial conditions set equal to zero.

wher e

R=100q,
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2) Source voltage is 10V DC with initial condition(D_)= 20mA

For Case - 1:-
Wt) = 10u(t) ~V(s) =15—ﬂ
oo s i
T e o N -
5+E _5(5+I)_ _ s+—_

Taking inverse Laplace transform on both sides of the above equation,

R
i(f)= “}[1 el }

Putting R =1009 and L lnm” . we get

i(f)= l[][][l e’ }
mf:ﬂ,j(ﬂ:
Att=o0 f[f}=£ﬁl=lﬂum
' 100

L
at=7=2=100us | i(1)=100x(63%) = 63mA

Voltage drop across the resistor K is,

AN D 10 104 10
o(0) = Ri(t) =100 (1-¢ ™) = 10(1 ¢ ')




Voltage drop across the inductor [ is,

V, (6)= () =V (t) =10
art=0V;(1)=10V
at=w Vi (1)=0

The plot of (1) vs.
it)
1

100mA

63mA 1

[ and Fy(f) vs.T are as follows:

A

MOV === e mmmmemes

|

|

e

0n T

2 31 41 51 0 7 2 3 4 5

The plot of F, (f) vs.1 is as follows:

LAY

Vi)
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For Case - 2:-
v(t) =10u(t) ana i (0 )=20mA
- V(s)= E

£
V(s) = RI(s)+ L[sI(5)—20x107]
10

o —+20x107° :u{s}[HE]
: 5 L

0.02 10°
+
s+10*  s(s+10%)

Taking inverse Laplace transform on both sides of the above equation,

i(1)=0.1-0.08¢"""

I(s)=

or,

art=0_I(1)=20mA
At f =02 i(f) =100mA

Voltage drop across the resistor R is,
Ve (£) = Ri(r) =100xi(r) =100(0.1—0.08¢ ") =10 8¢ "™

At f =n_ I""E(I} = 21‘!"’

At =090, VR“} =10V

Voltage drop across the inductor L is,
V,(0)=v(t)—V,(£) =8

at=0,V, (()=8V

At l‘ :m. il)L{'r) = ﬂ

PROCEDURE:

1. Connect the circuit as shown in fig.

2. Set the voltage Accordingly Case 1 & Case 2.

3. Vary the frequency of the signal in steps and note down the magnitude of response on
CRO respectively.( response wave form is observed aEtessents ,RC)

4. Form the observation table between the time and magnitude of response in CRO.

5. Draw a graph between time and magnitude of response on théogemi
sheet.

RESULT: Transient response of a seriesCRind series R circuit
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EXPERIMENT 1 2 (c)

TRANSIENT RESPONSE OF RL-C

AIM:
Study and obtain the transient response ofla®circuit
1. Transient response of a-IRC circuit, excited by a unit step input
APPARATUS:
S. No. Name of the Equipment Range Type Quantity
1 Signal generator
2 Required resistors
3 Required Inductors
4 Required capacitors
5 CROprobes
6 Connecting wires

CIRCUIT DIAGRAM:
THEORY: Let us consider the-R-C circuit as shown below:

R
'VV\r P
P-
+ =0

_ cC =
( i(t)

Applying KVL, we obtain

W) = mu)L ), L jﬁm

V(t)

Taking Laplace transform on both sides of the above equation,

HﬂzRHﬂ+Qﬂm);mJ]fﬁ)‘r?J

Now as all initial conditions set equal to zero, i.e. 1(0_)=0and v.(0_)=0,so0

the equation
becomes,

() — 1
V(s)= 1(5)[R+5L+ SC}
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1
Here, V() =u(t) s V(s)= E

1 1
—=J1(s)| R+sL+—
Therefore, 5 ( )[ SC:|

|
f(S): A‘

STL+—s+—
L LC

or,

The roots of the denominator polynomial of the above equation are,

cr+R L g
L LC
R R* 1

S =——- —
or, 1 27 J4L2 LC and

R JRE 1
S =———— > —
o 42 LcC

me L R
Let 0 \/L—C and D_2L
R |C
'.f—z 7
Now,
1 1

I(s)= %‘ = L(S'_SE)+ L(s, —5)
(S_S|)(S_52) (S—Sl) (5_32)

I(S): I |i 1 _ 1 }
2y EE -1 (s=5) (5—5,)
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Taking inverse Laplace Transform on both sides,

1 =&yt |: ahr\’;jz—l —a;or\k? -1 ]
= e e —e
20, L€ ~1

R-<2\/E
C

L. 5 <1

i(t)= _ e * sin (a)ﬂr\/l—? )

W, LJ1—&°

i(1) =

Case - 1:-

The network is then said to be Under Damped or Oscillatory.

R=2J§
C
le. é::l

1y
: —
Hr)=—t.e
() L

Case - 2:-

The network is then said to be Critically Damped.

1:{‘::.»2JE
C

l.e. 6 > 1

i(t) = %L\/ZT_I e ™ sinh (mﬂxﬁ/f —1)

Case-3:-

The network is then said to be Over Damped.
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The current response for the above three cases is shown in the figure below:

A

e

™,

\\-l— Under Damped case

N
\\*\I— Critically Damped case

Current
/

— Over Damped case

\/

Time (sec)

e

PROCEDURE:

1. Connect the circuit as shown in fig.

2. Set the voltage Accordingly.

3. Vary thefrequency of the signal in steps and note down the magnitude of response on
CRO respectively.

4. Form the observation table between the time and magnitude of response in CRO.
5. Draw a graph between time and magnitude of response on théogemi
sheet

RESULT: Transient response of a-LRC circuitis verified

44




i) VERIFICATION OF SERIES RESONANCE

AlM:
To design the resonant frequency, quality factor and band width of a series resonant circuit.

APPARATUS:

S. No. Name of the Equipment Quantity

1. [Seriesresonance Trainer Kit 1
2. |pigital CRO 1
3. [CRO probes As Required
4. |Connecting wires As Required

CIRCUIT DIAGRAM:

— 5 | R L c
Signal
Gengrr\aator (\D
FigT 12.1 Series Resonance
PROCEDURE:

1. Connect the circuit as shown in fig.12.1 for series resaramniit

2. Set thevoltage of the signal from function generatoi ®v.

3. Vary the frequency of the signal in steps and note down the magnitude of response on
CRO respectively.( response wave form is observed across elRinent

4. Form the observation table between the frequamcymagnitude of response in CRO
for series resonance circulit.

5. Draw a graph between frequency and magnitude of response on tHegshmeet and

determine the resonant frequency, quality factor and bandwidth of seriesiRu@.
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THEORETICAL CALCULATIONS: Series Resonance
ResonanErequency (fr) = 1/ (L@&ve€réutoff )
frequency (fy)=fr-R/ 4 QL
Upper cut off frequency?® = fr +R/ 4 0L
Quality factor Qr= r¥R=1/rRC
BandWidth fo-f1=R/ 2 L

TABULAR COLUMN:

S.No Frequency (Hz) Magnitude of response

OO N OB |WIN|F-

BN
o

MODEL GRAPH:

) (Y S —

Tad V2| _ 5 B
Current (= ¥
| |

| |

|

f, f f

— frequency (HZ)

Figi 12.2 Series Resonance

RESULT: Series Resonance is Verified
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Experiment No. 03

Aim:

a) Observatiorof the no-load currentwaveformfor single phaseransformeron CRO.

b) To measurethe voltagesand currents,and power of a for single phasetransformerfor resistiveload
anccalculategurnratio.

Apparatus Required

S. No Name of Type Specification Quantity

apparatus

1. Single Phase CoreType 2 KVA 1
Transformer

2. CRO Dual channel 30 MHz 1

3. Ammeter Ml 0-5A 2

4. Voltmeter Ml 0-300V 2

5. Wattmeter Electro Dynamic 0-1500W 2

6. Load Resistive 3KW

7. Connecting Leads 1.5 sg mm, 9A

Introduction

Transformersreoneof themostimportantcomponentsf anypowersystemlit basicallychangeshelevel
ofvoltages from one valu® the other at constant frequency. Being a static machine the efficiency ¢
transformer could be as high as 99%. The transformer is a static {f@e@ans that has no moving parts) that
consists of one, two or more windings which are magnetically coupled and electrically separated w
without a magnetic core. It transfers the electrical energy from one circuit to the other
electromagnetienduction principle. The winding connectedo the AC main supplyis called primary
winding andthe windingconnectedo the load or from which energyis drawnoutis calledassecondary
winding. Thesetwo windingswith proper insulation are wound on a laminated core which providesa

magnetigathbetweerwindings.

wnenthe primary winding is energizedwith alternatingvoltage source,an alternatingmagneticflux or field
beproducedn thetransformecore. Thismagnetidlux amplitudedependentheappliedvoltage
magnitudefrequencyof thesupplyandthenumberof turnsontheprimaryside.Thisflux circulateghrough
thecoreandchencedinks with the secondarwinding. Basedon the principle of electromagneticnduction,
this magnetitinking inducesa voltagein the secondarwinding. Thisis calledasmutualinductionbetween
two circuits. Thesecondaryoltagedependenthenumbeiof turnsonthesecondargswell asmagnetidlux
andfrequency Construction of singlephasetransformer

Generallythenameassociatewith theconstructiorof atransformers dependentponhowtheprimaryand
secondaryvindingsarewoundaroundthe centrallaminatedsteelcore. The two mostcommonand

basidesignoftransformeconstructioraretheClosedcoreTransformeandtheShellcoreTransformer.

Inthefl ¢ | e o atgpajcoreform)transformertheprimaryandsecondaryvindingsarewoundoutside
and

surroundhecorering. Inthefi s hteyl p(sheilform) transformertheprimaryandsecondaryvindings
pas#sidethesteelmagneticcircuit (core)whichformsashellaroundhewindingsasshownbelow.

In both types of transformer core design, the magnetic flux linkingpthreary and secondary windings
travels entirely within the corewith no loss of magneticflux throughair. In the coretype transformer
constructionpnehalf of each winding is wrapped around each leg (or limb) of the transformers magn
circuit asshown aboveThecoils arenotarrangedvith the primarywinding ononeleg andthesecondary
ontheotherbutinsteachalfof the primary winding and half of the secondary winding are placed one over {

th ol
by

ptic

he

[12)

other concentrically on eacleg in order to increase magnetic coupling allowing practically all of th
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magnetic lines of force go through bdtre primary andsecondaryindingsat the sametime. However,
with this type of transformerconstructionasmall percentagef the magnetidines of force flow outsideof
thecore,andthisiscalledii | e afklawg»xo .

Shell type transformer cores overcome this leakage flux as both the primary and secondary windings at

wound on the same centre leg or limb which has twice the-sex$bnal area of the two outer limbs.

Theadvantage here is that the magnetic flux has two closed magnetic paths to flow around external t

coils onbothleft andrighthandsidesheforereturningbacktothecentralcoils.
Thismeanghatthemagnetidlux circulatingaroundtheouterlimbs of thistypeof transformerconstruction
is

equalto 0 / As the magneticflux has a closed path aroundthe coils, this has the advantageof
decreasingorelossesindincreasingverallefficiency.

Primary and Secondary
Windings

- Lines of Flux - .
Core-type Construction — Shell-type Construction

Fig 2(a).1 Core type and shell type transformer

Laminating thelron Core
Eddy current lossewithin a transformer core canrme eliminated completely, but they can be greatly
reduced and controlled by reducing the thickness oftie core. Instead of having one big solid iron core a|
the magnetic core material of the transformer or coil, the magnetic path is split up into many thin presseq

shapesalledi | ami nati onso.

The laminationsusedin a transformerconstructionarevery thin stripsof insulatedmetal joinedtogether
to

producea solid but laminatedcoreaswe sawabove.Theseaminationsareinsulatedfrom eachotherby
acoatof varnishor paperto increasethe effective resistivity of the coretherebyincreasingthe overall

resistancm limit theflow of theeddycurrents.

The result of all this insulationis that the unwantedinduced eddy current powerloss in the core is
greatly

reduced, and it is for this reason why the magnetic aiocuit of every transformer and other eleetro
magneticmachinesare all laminated.Using laminationsin a transformerconstructionreduceseddy current

losses.
Thelosseof energywhichappearsisheatduebothto hysteresisindto eddycurrentan themagnetigath,
is knowncommonlyasfi t r a n scéral rons esSmcethesdossesoccurin all magneticmaterialsasaresult

of alternating magnetic fields. Transformer core losses are always present in a transformer wheney
primary is energized, even if no load is connected to the secondary winding. Also these hysteres
theeddy current | osses are sometimes referred t
theselossess constanatall loads.
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Laminated

Steal {3-:-re
Solid Core Laminated Core
individual with no laminations with iaminations
Laminaions high Eddy Currents low Eddy Currents

Fig. 2(a).2 Lamination of transformer corePrinciple of operationldeal Transformer

A transformer is a device used to change voltages and currents of AC electric power by m
induction principle. In the simplest version it consists of twidings wrapped around a magnetic core;
windings are notlectricallyconnectedbut theyarecoupledby the magneticfield, asit shownin Figure
3.1. Whenonewindingis connected to the AC electric power, the electric current is generated. T
winding is called the primarwinding. The primary current produces the magnetic field and th
magnetic flux links the second windingglled the secondary winding. The AC flux through the secondatr
winding produces an AC voltage, so thatsdmeimpedancas connectedo the terminals,an AC electric
currentis supplied.

Im l"

primary side / ol L w secondary side
‘I
— :'
Vi ;
DO i .

Fig 2(a).3ldeal transformer on no load ransformer onNoLoad Condition

Whenthetransformeis operatingatnoload,thesecondaryvindingis opencircuited,which meanghere
isno load on the secondaryside of the transformerand,therefore currentin the secondaryill be zero,

whileprimary winding carriesa small currentlO called no load currentwhich is 2 to 10% of the rated
current.This

utual

his
e
Yy
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currentis responsibldor supplyingtheiron losseqhysteresisandeddycurrentlosses)n the coreanda
verysmall amount of copper losses in the primary winding. The angle of lag depends upon the losses i
thetransformerThepowerfactorisverylow andvariesfrom0.1t00.15.

|

1
I
i
]
Single Phase i__(_'___m__‘_“
AC Supply Wattmeter
= ./°: <— } Open

Variac LYV Side HV Side

Fig 2(a).4 Single phase transformer on no load condition

Thenoload currentconsistsof two components
A Reactiveor magnetizingcomponenim (It is in quadraturawith the appliedvoltageV1. It producedlux
inthecoreanddoesnotconsumenypower)

A Acltive or powercomponentw, alsoknowasworkingcomponen(lt isin phasewith theapplied
voltage
V1. It suppliegheiron lossesanda smallamountof primary copper

loss)Thefollowing stepsaregivenbelowto drawthephasodiagram

1. Thefunctionof the magnetizingcomponenis to producethe magnetizingflux, andthus, it will
be inphaseavith theflux.

2. Inducedemfin theprimary andhe secondary winding¢ags theflux « by 90 degrees.

3. Theprimary copperlossis neglectedand secondarycurrentlossesarezeroas|2 = 0. Therefore,

thecurrentlO lagsbehindthe voltagevectorV1 by anangle «0 called no-load powerfactor angle

showninthephasodiagramabove.

4. TheappliedvoltageV1 is drawnequaland oppositeto the inducedemf Elbecausé¢he difference
betweerthetwo, atnoload,is negligible.

5.  Active componentw is drawn inphase witlthe appliedvoltageV1.

6. The phasor suraf magnetizing curreritn and thewvorking currentiw gives theno loadcurrentlO.

- &
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Fig 2(a).5 Phasor diagram of transformer no load condition

Observationof noload current in transformer
Method :Oscilloscope typically doesn't measure current but instead it measures voltage. Thys to
observecurrent waveform yowould simply use currefib-voltage component like resistor, and probe
the voltageacrosghatresistor.Thecurrentinformationcanbeobtainedoy usingOhmLaw formula: V =
I.R or I = V/IRwhich means current waveform will match exactly tieserved voltage, despite the
magnitude may bdifferent. o

P
)
"MNeutral” Kb
+ PP 1

I

—

) [@= ®

b | 5 @

L% v BE o

Power plug IR < oy s 2 B TR

Fig 2(a).6 Obséfvation of no load current in transformer
S.No Currentobserved byAmmeter(A) Currentobserved by CRO(A

1.
2.
3.
4,

Transformerfi O#h oad o

Whenanelectricalloadis connectedo thesecondaryvinding of atransformeandthetransformefoading
istherefore greater than zero, a current flows in the secondary winding and out to the load. |This
secondarycurrent is due to the induced secondanjtage, set up by the magnetic flux created in the
core from therimarycurrent.

The secondarycurrent, IS which is determinedby the characteristic®f the load, createsa selfinduced
secondarymagneticfield, G Sin the transformercorewhich flows in the exactoppositedirectionto the
mainprimaryfield, 0 P Thesetwo magneticfields opposeeachotherresultingin a combinedmagnetic
field of lessmagneticstrengththanthe single field producedby the primary winding alonewhen the
secondarygircuitwasopencircuited.

This combined magnetic field reduces the back EMF of the primary winding causing the primary current, IP
to increaseslightly. The primary currentcontinuego increaseuntil the coresmagneticfield is backat its
originalstrengthandfor atransformeto operateorrectly,abalanceaonditionmust

alwaysexist betweerthe primary andsecondarymagneticfields. This resultsin the powerto be balancedand

thesameonboththeprimaryandsecondargidesTransformefi O-h o a d 0
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MCH]

;

Wattmeter Viattmetor
Upin RL

Fig2(b).1 Transformer On-load

We know that the turns ratio of a transformer states that the total induced voltage in each winding is
proportional to the number of turns in that winding and also that the power output andnpwerf a
transformers equatothevoltstimesampereg,V x1). Therefore:

(Power)primm = (PO“"er)secondar_v

7 % — J ¥
V¥l = V¥,

But we also know previously that the voltage ratio of a transformer is equal to the turns ratio of a transfgrmer
asivol tage rati o =reldtianship between thé \wléage, clrter and huimleer of turns
in atransformecanbelinkedtogetheandisthereforegivenas

TransformeRatio(n)

p—
L]

Ns Vo
Np Vi

Where:
A NP/INS=VP/VS - representthevoltageratio
A NP/NS=IS/IP - representthecurrentratio

Note that the current is inversely proportional to both the voltage and the number of turns. This means tha
with a transformer loading on the secondary winding, in order to maintain a balanced power level acros:
the transformers windings, if theoltage is stepped up, the current must be stepped down and vice versa. In
otherwordsii h i gditagyed lowerc u r roefin toowokaged higherc ur r ent 0.

As atransformersatio is therelationshipsetweerthe numberof turnsin the primaryandsecondarythe
voltage acrosseach winding, and the current through the windings, we can rearrangethe above
transformeratio equatiorto find thevalueof anyunknownvoltage,( V) current,( | ) or numberof turns,( N )
asshown.

The total currentdrawn from the supply by the primary winding is the vector sumof the no-load current,lo
and
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the additionalsupplycurrent,I1 asa resultof the secondargransformedoadingandwhich lagsbehind
thesupplyvoltagebyanangleoft .

ObservationTable:-

Primary Side Secondary Side Efficiency(” o)
S. No. Load T
\p Ip Wp Vs Is Ws (Ws Wp)y* 100
1
2
3
Result:-

Observatiorof the no-load currentwaveformhasbeendoneon an oscilloscope.
Measuremendf primary and secondaryoltagesand currents,and power is done after loading of
atransformeuwith differentresistivdoadcondition.
Efficiencyoftransformers calculatdor directloadingcondition.

VIVA VOICE:

1.
2.

© 0N~ W

WhathapperwhenTransformers givenDC supply?

For atransformemvith primary turns100, secondarturns400,if 200V is appliedat primary what

voltagevewill getin secondary?

Whatis differencebetweeriransformeandamplifier?
How caneddycurrentlossbe minimized?

Whatis autotransformer?

Doesthetransformedrawany currentwhenits secondarys open?

Whatis currenttransformer?

Whattype of transformera distributiontransformeiis? stepup or stepdown.

Whatis transformerregulation?
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0O.C and SC tests on asingle-phasetransformer.

AIM :

Experiment No. 4

To perform the open circuit and short circuit test @maglephase transformer and to
draw theequivalentcircuit after determiningts constants.

NAME PLATE DETAILS:

VoltageRatio 220/110V

Full loadCurrent 13.6A

KVA RATING 3KVA
EQUIPMENT REQUIRED:

S.NO NAME OF THE RANGE TYPE QUANTITY
EQUIPMENT

1 Singlephase transformer 3KVA,230/230V,50HZ 1
2 Wattmeter 2.5/5ALPF LPF 1
3 Wattmeter 10/20A UPF UPF 1
4 Ammeter 0-1A 1
5 Ammeter 0-20A 1
6 Voltmeter 0-300V 1
7 Voltmeter 0-30/75V 1
8 1ph Variac 0-300V,15A 1
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OPEN CIRCUIT TEST:

S
S A— O

Single Phase
AC Supply Wattmeter

Open

| I
LV Side HYV Side

Variac
Circuit Diagram: OC Test

SHORT CIRCUIT TEST:

fm====mm=eq-my
T 1

Single Phase

AC Supply Wattmeter
=0 /"_ & Short
: ECircuited

L4
HV Side LYV Side

Variac

Circuit Diagram: SC Test

THEORY:
The performance of a transformer can be calculated on the basis of its equivalent circuit w

containsfour main parameterghe equivalentresistancdRo: asreferredto primary(or secondary &),
the equivalent leakage reactance. As referred to primary, the celess conductance gand the
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PRECAUTIONS:

magnetizing susceptance.B hese constants or parameters caedsly determined by two test i.e.
Open circuit test and short circuit test. These are eegnomical and convenient, because they
furnish the required information without actualbading the transformer. In fact, the testing of very
large a.c machinery conssof running twdest similar to the openand short circuit test of a
transformer.

The purpose of thigestis to determine no loatbss or core loss and no lodd which ishelpful in
finding Xo and R. One winding of the transformer whicheverc@venient butisually high voltage
winding is left open and the other is connected to its supply of norati@ge and frequency. A
wattmeter (W), Voltmeter (V) and ammeter (A) are connected itotheoltage winding i.e. primary
winding in the presentase. With normal voltage appliedttee primary, normal flux will be setup in
the core, hence normal iron losses will occur wiand recorded by the wattmeter. As the primary ng
load current d is small, Cu loss is negligiblgmall in primary and nil in econdary. Hence, the
wattmeter reading represents practicallydbeeloss undeno loadcondition.

For short circuit test, one winding usually the low voltage winding, is solidly-sticctiitedby a thick
conductor ( or through an ammeter which magvedhe additional purpose ofdicatingrated load
current).

A low voltage (usually 5 to 10% of normal primary voltage) at correct frequency (thou@lu flosses
it is not essential) is applied to the primary and is cautiously increased-ilbadicurrentareflowing
bothin primaryandsecondaryasindicatedby the respectivammeters).

Since, in this test, the applied voltage is a small percentage of the normal voltage, theflmxutal
produced is also a small percentage ofitsmal value. Hence, core losses are \&@nall with the
result that the wattmeter reading represents the full load Cu loss or i2 R ldss\idrole transformer
i.e. both primary Cu lossandsecondaryCu loss. The equivalentcircuit of thetransformer under shert

circuit condition.If Vsc is the voltage required toirculateratedload currents, theno&= Vsc/l
A two winding transformer can be represented by means of an equivalent circuit abedbawn

T Rm Xﬂl

PRIMARY
SUPPLY
230V
V.
, N g X,

1 D o nstvitch on power supphyithout concerningespectedeachers.

2. 1¢ Auto transformer must be kept at minimum potential point.
Beforeswitch onthe experiment.
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OPEN CIRCUIT TEST PROCEDURE:

L Connect circuit as shown in the circuit diagram. opiecuit the
secondaryand apply full load voltage to the primary through a variac. The
cupper loss negligible since there is only no load current is flowing. Hence
powerconsumeds the cordosses othecore.

2 Note voltmeteand ammeter andattmetereading.

OBSERVATION TABLE:

SLNO \% Io W

<|=

= JIZ= 13| COSO=—

(L}

)

CALCULATION:

See the no load phasor diagram below
A

g
W = VI,COS 9,
Iw =w , In= }_[l% lb%b’ R& LA XO= e
v Iw M

SHORT CIRCUIT TEST PROCEDURE:

1 Connect as shown in the circuit diagram. Short circuit the secondary and
apply a lowvoltage to the primary through auto transformer. The iron
losses are negligiblsince the flux will be very low on account of the
primaryandsecondary.

2. Increase the voltage gradually till full load current flows in the
primary. Not&oltmeterand ammeter and wattmeteading.
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OBSERVATION:

SL.NO. Vv I We

CALCULATIONS:

Let the total equivalentresistanceof primary and secondaryreferredto primary
side be Ri:ohms and the total equivalent leakage reactesfeered to primargide
beX1ohms.

We = I°Ry

HenceRy=W./12 AlsoV /I=Zi and X1= vZ:* — R,* ohms.

CONCLUSION:

. Now drawtheequivalent circuit.

. Plotagraphof copperlossversusload current(shortcircuit current).Whatis the
shapeof thecurve?

Determinethe regulationof the transformerat variousloadsfor anassumedoad
powerfactorof 0.8lagging.

Regulatiorperc%tage:‘(/o- Vy)/ Vi X 100
WhereV, = secondaryo loadvoltage.

Vi = secondaryull loadvoltage.
. Plotacurveor regulation versus load current.

RESULT:

POSTLAB QUESTIONS:
1 Why iron is chosen as the material for thuge of the transformer?
Why not weaisealuminium?

2. What isnormallythe efficiencyof atransformeto be?
3. Why Transformer#re Rated In KVA?
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Experiment No. 5

Three-phasetransformers: Star and Delta connections

AlM :
ThreephasdransformersStarandDeltaconnectionsVoltageandCurrentrelationshipsl{ne-line
voltagephaseto-neutralvoltage, line and phasecurrent$. Phaseshifts betweenthe primary and secondary
side.

APPARATUS REQUIRED: -

S.No. Name of apparatus Type Range Quality
1. Ammeter MI (0-5A 02
2. Voltmeter Mi (0-500)V 03
3. 3 Phase Transformer 3 KVA,440/440 01
4. 3 Phase Auto Transformer 8/16 A, 415/470 V 01

THEORY: -

Star Connection:
In a 3phase AC circuit, line voltage is equal to 1.iBRes of the phase voltage alnte current is equal to

thephaseurrent.i.e.
Viine=8 3/ph; ILine=Ipn

Delta Connection:
In a 3-phasedelta connectionline currentis equalto 1.732times of the phasecurrentand line voltageis

equatophasevoltage.i.e.

ILine=& 3phVLine= VPhase

Delta/Delta Connection: The ratio of primary to secondary line voltages remains equal to the ratio
transformation 'a’. The main advantage of this connection lies in that the system can still ofe&tefats
ratedcapacityevenin caseof failure of oneof thetransformersTheremainingtwo transformersvork in
operdeltaorV. Thisconnections favouredor voltagedelow50KV.
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Delta/Star Connection= This gives a higher secondargltage for secondary for transmission purposes tha
connectionsvith deltasecondariewithoutincreasinghestrainontheinsulationof thetransformersilt is
theconnection commonly used at the generating end of transmission lines. Theustal is generally

grounded.

£ 120°

Star/Star Connection: This permitsthe neutralpointsof both primary andsecondaryd phasecircuits.
Whenthe primary neutral is not connected to the source neutral, it is necessary to useruedtded

tertiarywindingin orderto avoidimbalancen thesystem.

£240° £120%

™
(Y) (Y)

Star/Delta Connection:- This connectionis commonly usedat the receiving endsof high voltage

transmissioltines.
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PROCEDURE:-
Fig: 3.1 star delta connection of a-ph transformer

(@)

Connecthecircuit asshownin figure.

(b) Ensurethat variac isat its minimum position.
(c) SwitchON thesupplyby closingswitchandapplytheratedvoltageslowly by increasinghe
positionofvariac.
(d) Notedownthereadingof Ammeters& Voltmeters.
(e) Now decreas¢heappliedvoltageup to zeroby decreasinghe positionof variac.
(f)  SwitchOFFthesupply.
OBSERVATION TABLE: -
(PRIMARY SIDE) (SECONDARY SIDE)
TYPE OF Iline Iphnse \fline \‘phase Iiinc Iphnse \.Iinc ."phase
CONNECTION
star star
star delta
delta star
delta delta
RESULTS:-

We havestudiedaboutthe constructionyariousconnectionof 3-U transformersandobtaintheline andphase
voltageonbothsideqpimaryandsecondarydf thetransformer.

PRECAUTIONS: -

1. All connectiormustbetight.

2.  Getthecircuit connectionsheckedoy the teachetbeforeperformingthe experiment.
3. Powertothecircuitmustbeswitchedonin thepresenceftheteacher.

4. Gettheexperimentateadingsheckedytheteacher.

5. Don'ttouchdirectly thelive partsof equipmentandcircuit.

6. Wearleathershoesn thelab.

VIVA VOICE:

1) Explainline voltage,line current,phasevoltage,phasecurrent.

2) Whatis therelationshipbetweerline voltageandphasevoltagein starconnection?
3) Canag3phtransformeis usedto stepup 1 phacvoltage?

4)  Whatis a 3-ph autotransformer?
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Experiment No-6

SPEED CONTROL OF DC SHUNT MOTOR

AIM :
To study the variation of speed of a. d. c. shunt motor.
i) With armature voltage under constant fiektitation,and
i) i) With field excitation under constant armature voltage.
APPARATUS:
SLNO. | Name of the equipment Range Type Qty
1 DC Shunt motor expt setup 1
2 Ammeter 0-1A,0-5A MC 1
3 Voltmeter 0-300 MC 1
4 Rehostats 185 Q/1.5A.,40 wirewound 1 each
Q/6.7A
5 Connecting Wires Isgmm As Required
CIRCUIT DIAGRAM:

3-Point Starter

51 5A Fuse

5, oo

185
1.5A

DC SUPPLY
220v

: S1 5A Fuse
—0

= DPST

Fig 1. Speed Control of D.C. Shunt Motor
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PROCEDURE:

i) Connect the circuit as shown in figurd.
i) Start the motor with maximum resistance in the armature circuit and minimum resistance in the fig

circuit.

Id

iii) Bring the motor to the rated speed, first by decreasing the resistance in the armature circuit and then |

increasing the resistance hetfield circuit.
iv) Vary the resistance in the field circuit and take readings of speed and field current, keeping the ar
voltage constant at a particular value.

v) Change armature voltage to another value and repeat the proceduna@#en
vi) Then change the resistance in the armature circuit and take reading of speed and armature vo Ita
keeping the field current constant at a particular value.

vii) Change the field current to another value, repeat the procedure given in (vi).

viii) Take three sets of readings for each method of variation.

OBSERVATION :

Table I: Variation of speed with field excitation.

SI.No Field current Speed Constant Armature
(Ir amps) N (rpm) Voltage(V)
1 0.67 1500 216
2 0.6 1530 216
3 0.55 1585 216
4 0.5 1600 216
5 0.4 1620 216

matt

ge,
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Table II. Variation of speed with armature voltage.

SI.No Armature Voltage(V) Speed Constant Field
N(rpm) Current (Iy amps)
1 216 1500 0.66
2 212 1470 0.66
3 208 1430 0.66
4 204 1350 0.66
5 200 1310 0.66

MODEL GRAPH i) Plot speed against field current for different sets of constant armature voltage on
graph paper. ii) Plot speed against armature voltage for different setsstéuat field current on another
graph paper

Speed /

Speed : /
: 4
¥ /

Armature voltage

Field current
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RESULTS:
The field control method and armature control method on D.C shunt motor is studied.

DISCUSSION:
i) Discuss and explain about the nature of the plots with relevant equations.
i) Discuss about the limitations and merits of the two methods of speed control.

iii) Why do you keep the resistance in the armature circuit at a maximum, and resistance in the fie
circuit a minimum at start?

iv) What will happen when the field circuit gets opened, while the machine is running
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Experiment No-07
TORQUE-SLIP Characteristics of an Induction Motor

AIM :
To determine th&orque vs. sligha®acterstics of an Induction motor
APPRATUS :
Sl Apparatus Apparatus . . Makers .
No Name Type Specification / Range Name Serial No
1 Induction Motor
2 Ammeter
3 Voltmeter
4 Wattmeter
4 Variac
7 Tachometer
THEORY:

In this test supply voltage is applied to motor and variable mechanical load is applied to the shaft of
motor. Mechanical load can be provided by brake and pulley arrangement. The input current, input
voltage, input power and speed of motor are observed from the experiment and various performance
guantities are calculated as explain below.

SLIP:

Due to the three-phase supply given to stator of an induction motor, a rotating magnetic field of
constant magnitude is set up in the stator of the motor. The speed with which this rotating magnetic field
rotates is known as synchronous speed and is given by

Ns =120f /P
Where
f =supply frequency. P =no of poles on the stator of the rotor. The actual speed of the rotor Nr is

always less than the synchronous speed. So the slip of the motor is given by

SZMXIOO%
N

S
This value of slip at full load lies between 2 to 5%.

TORQUE :

Mechanical loading is applied on induction motor by means of brake and pulley arrangement.
The belt can be tightened or loosened by means of threaded rods with handles fixed on frame. Two
spring balances are provided at the end of belt. The net force exerted at the brake drum can be obtained
from the readings of the two spring balance i.e. F; and F,

Net force exerted on drum, F'=(F; - F,) Kgf

And Torque T:Fx%x9.81 Nw-m

Where d = effective diameter of brake drum in meter.
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OUTPUT POWER

The output power of induction motor can be calculated as P, = 27[6];rT
Where N, = speed of induction motor in rpm.
INPUT POWER
The input power can be calculated from the readings of wattmeter connected in the circuit
B, =W
POWER FACTOR

The power factor can be calculated from the following relation

P
cos O =—"=
Vi

EFFICIENCY

The efficiency of induction motor can be calculated using the relation

__output power

x100%

input power

N N
o1 5
------------- A &
P.F.
N Tmax

Rated Output

N

1
1
1
1
1
1
1
1
7 -
QOutput Power < Slip N Ns

CIRCUIT DIAGRAM

el
@
)

(@]
<
—

1P AC Supply
@9
=

Il Induction

l || Motor
o—00

FIG : EXPERIMENTAL SET-UP FOR PERFORMING NO-LOAD AND BLOCK-ROTOR TEST OF SINGLE PHASE INDUCTION MOTOR
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PROCEDURE

1) Connect the circuit as shown in Fig.

2) Set the single-phase variac at minimum voltage and brake pulley arrangement at no load.

3) Switch ON the power supply and start the induction motor.

4) Now gradually increase the applied voltage by varying the variac very slowly up to the rated
voltage.

5) Increase the mechanical load on motor step by step and note down the various reading for load.

6) Switch OFF the supply and disconnect the motor.

7) Calculate the various quantities and draw the various curves as stated above.

OBSERVATION TABLE

Input Input Input v K
SL| Voltage | Current | Power orce (Kgf) S};\f}:ed
NO \'% I W - '
(volt) (amp) (watt) Fi F; F=Fi-F (rpm)
1
2
3
4
b}
Model Graph:
Tm ------- "t

Tty

Torque, T
~~~~~~~ Ty
S = O S - Sm S = 1
(N = Ng) (N=0)

Slip, S (per unit) —»

Result
T-S charactestics d an induction motoobtained




Experiment No. 8
Demonstration of dc-dc converters

APPARATUS REQUIRED:

Sr. No. Name of apparatus Specification Quantity
1 buck. boost and buck- boost . 1
converters trainer kit
2 DC Voltmeter 0-50 V 2
3 CRO 20 MHz 1
4 CRO probe 1:10 type 1

hn

Patch cords

- As per required

1 phase, 230 V,
6 AC power supply -
50 Hz

THEORY:
Operating principle:

Boostconverter:

A boost converte(stepup converter) is a D@-DC power converter with an output voltage greater than it
input voltage. It is a class of switchetbde power supply (SMPS) containing at least twg
semiconductorswitches(a diode anda transistor)and at leastone energystorageelement,a capacitor,
inductor,or thetwo incombination Filtersmadeof capacitorgsometimesn combinationwith inductors)
arenormallyaddedo theoutputof theconverteto reduceoutputvoltageripple.

Operating principle:

The operationof the boostconverteiis relatively straightforward.

Whentheswitchis in ON position,theinductoroutputis connectedo groundandthevoltageVin is
placeacrosst. Theinductorcurrentincreaseatarateequalo Vin/L.

Whentheswitchis placedn the OFFposition,thevoltageacrossheinductorchangesndis equatlto Vout-
Vin. Currenthatwasflowing in theinductordecaystarateequalo (Vo-Vi)/L.

In reality no boostconvertemwill belosslessbutefficiencylevelsof around85%andmoreare
achievablenmostsupplies.
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PROCEDURE:

For Boostconverter:

| Vout

Vin l # C == Load

T lswitch

Fig. 6.2Circuit diagram of boost converter

KeepAC voltageselectionswitchin T2.
KeepP4in mostanticlockwiseposition.
Keepselectorswitchin P2.

Now connect test point marked as R1 to the test point marked @s Biost configuration.

Now checktheseconnectiongarefully beforeswitch ON the system.
Now slowly increasePot P4 clockwisedirection.

Observeheoutputcarefully.

For Boostconverter

1
2
3
4.,
5. ConnectPSC1(+ve)to PSClterminalin boostconfiguration.
6
7
8
1.

Sr.No.

Vi

Vo
uT

RESULT:

ThuswehavestudiedheBoostConverter.

70




Experiment No-09

Calibration of Single-PhaseEnergy Meter

To studythe connectionf an energymeter.
To useit to measureelectricalenergyandalsoto calibratethe given energymesr
APPARATUS:

SI.NO. |Name of the equipment Range Type Qty

1 Autotransformer 0-230V 1

2 Ammeter 0-10A M 1

3 Voltmeter 0-300v Mi 1

4 ResistiveLoad 10 amps 1-0 1

5 Energymeter Dynamometer 1

6 Connectingwires 1sgmm As required

CIRCUIT DIAGRAM:

Energy Meter

3
>/
1
-_'I
o
>l

b |
1 ; : 240v-10amps
{ ! ! 750rev/kvh
| BN e
230V, S50Hz :: D : : P, P
g P | |
1¢, AC I| s I I ﬂ_
Supply I ¥ | | Cv)(o-aow) g
1y | | s 3 %%
Iy | 3
Iy | ,
:| I I s Nz 10 amps
|| | | resistive load
| | |
. N | |
15A IL s _x_]
230 [sz-‘nmv,

Fig.1-0 EnergyMeterTesting
M i Mainsline)
N i Neutra(return)
L -- Load
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PROCEDURE:

=

. Notethe specificationsof the energymeterasgivenon its nameplate.

2. suitablerangesof the ammeterandvoltmetersuchthat energymetercan betestedoveritscomplete
range

3. Connectthe circuit asshownin the diagram.
4. Before switchingon the supply,ensurethat the loadingrheostat switchegall)are open.
5. Notedowntheinitial readingof the energymeter.

6. Setthe desiredload by selectinga suitablecombinationof Switcheson the
loadingheostat.

7. Switch on the supplyandwait for the red indicatorof the energy metediscto come
in thefront. At this momentstartthe stopwatch Note downthe voltmeterand
ammetereadings.

8. Measurethetime (T) for (N) revolutions(say 20revolutions)switchoff the

stopwatchimmediately.Switch off the supply.
9. By adjustingthe loadingrheostatake8 to 10 setsof readingscoveringthe
full currentrangeof the energymeterandtabulatethe observatiorasin
table

OBSERVATION TABLE:

Vs L (A) Time Em=N/M [Ea=(V.l.T)/(1000*3600) % Error = Em-Ea
T (S) x100
Ea
230 1 48 6.66x10° |6.13x10° 7.66%
230 2 41 6.66x10° 6.19x10° 7.59%
230 3 32 6.66x10° 6.12x1C° 8.64%
230 4 25 6.66x10° |6.33x10° 5.21%
230 5 20 6.66x10° |6.10x10° 5.20%

Meter constantM =750 revolutions/kWh
Em =Energy Recorded by the meaa=ActualEnergyConsumeduringN rev.
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Experiment No-10

THREE 1PHASE POWER MEASUREMENT

AlM:

To measurepower in a three phasecircuit under
1) Balancedesistiveloadcondition

i) Unbalancedesistiveload condition

APPARATUS REQUIRED:

S.No [Equipment Name Range Type Quantity
1 Voltmeter (0-150)V Mi 3 NoOds
2 Ammeter (0-5)A Ml 3 NoOs
3 Wattmeter 5A,150V Electrodynamometdype 2Nobs
4 TPST - - 1Nods
5 Fuse 5A - 3NoOs
6 Rheostat 2 6 Y/ 4. 1Wirewound(Variable) 3 Nods
7 GangRheostat 26 Y/ 4. 1Wirewound(Variable) 1No
eachlimb
8. 3 phvaraic 0-440V 1No

BALANCED RESISTIVE LOAD

CIRCUIT DIAGRAM :

3-Ph Auto T/F

] @R Ro
3-Ph y
1
S i I O
4 i N U
U v 1 SAFuse ¥ T
g o—o?:\ha\y——‘“’ Y o
L i L3 £
v 1 U U
4 [ 1 T T
OB B o

]
Z
2
o

Fig.1 BALANCED RESISTIVE LOAD

PROCEDURE:
1. Connecthecircuit asshownin Fig.1

2. Adjust thegang rheostandIndividual rheostatfor themaximumresistance.
3. Switchonthesupplyandsettheautotransformeio120V.

4. CloseswitchS1.
)

. Read the meters to obtain VL, I12,and I13. Note the wattmeter reading W1
and WZNotethemultiplying factoronthe wattmeter).

1esooys Buey




6. Vary the Gang rheostat resistance ahthinat leastfive sets ofobservations,
thecurrentshouldnot exceedhelimit (4.1A).

7. Tabulatethereadingsandchecktheresultsby completinghe calculations

OBSERVATION TABLE -1:

(Three phasepower in a balancedload)

S.No. ML l1 I2 I3 W1 W2 Wc Wwm %Error
W1+ WM -
W2 WC*100
Wc
1 120 1.25 1.4 1.4 160 133 280.59 293 4.42%
2 120 1.35 1.6 1.5 163 133 308.30 [296 -3.98%
3 120 1.65 1.7 1.5 173 152 339.48 [325.5 -4.11%
4 120 2.45 2.6 2.4 276 250 516.15 526 1.90%
UNBALANCED RESISTIVE LOAD
CIRCUIT DIAGRAM:
7\ .
s, - 3-Ph Auto T/F — Wy M1 (0-150V\_/
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i Q) :: [OR Ro 0 A OA 26 A
3-Ph I g AV an |o
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U I SAFuse N z
By M\Zﬁ oy YT A i OV\/\/"‘-1°_l §
g e o — [Bm gt E
{u' E E : ; MI 0-5A Com v o (0;150\,@
440V : SAFuse < -
} oo Yoo g—12% Bo 3 ; [é’m""[?%
. 3 M 41A 4.1A
> ¥ No 1
MI (0-150V)

Fig.2 UNBALANCED RESISTIVE LOAD

PROCEDURE:

1.

2
3.
4

Connecthecircuit asshownin Fig. 2.

. Adjustthethreerheostat@ndgangrheostat athe maximunwvalues.

Switchonthe supplyandsettheautotransformeto120V.

. Close switch S1 and take five setobkervation for different rheostat settings

such thathe reading of I1, 12 and 13 in each set is appreciably different to create
unbalancedoadingcondition.( D o wafy thegangrheostat). Theurrentshould
not exceedhelimitsin eacharm.
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5. Notedown k,l2,13,V1,V2,V3,W1 and Ws. Check the result by completing the

OBSERVATION TABLE -2
(Threephasepowerin an unbalancetbad)

computationmdicatedin Table.2.

S.No. V1 V2 V3 |11 l2 I3 Wi W2 Wc WM %Error WM-
W1+ WC*100
W2 Wc

1 85 72 B4 1.4 |19 P2 210 |150 [368.05 [360 -2.18%

2 75 55 80 1.8 2.1 1.4 (210 (1425 3625 [352.5 -2.75

3 58 80 (73 2.1 1.65 (1.7 140 [222.5 377.9 [362.5 -4.07%

4 67 65 165 [1.12 [1.25 1.9 150 [150 [283.37 {300 5.6%

RESULT:

Thethreephasepoweris measuredyy two wattmetermethodis studiedanderrorhadbeen

calculated.
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a) Obtaining theV-I characteristicef thefollowing nonlinear
elementsamp(L1): 40W, 220V AC TungsterLamp

Experiment No-11

Characteristics of Lamps

Lamp(L2): 18W, 220V AC, Compact-luorescent Lamp@CFL).

APPARATUS:
SI.NO. Nameof the equipment Range Type Qty
1 Autotransformer 0-230V 1
2 Ammeter 0-0.2A Ml 2
3 Voltmeter 0-300v Mi 1
4 Incandisentamp,CFLlIamp 40w,18w 1
Circuit Diagram:
Ph \ 5A Fuse
1Ph
230V
S D é(o-o.z).a @ (0-0.2)A
U . g
P S § 0
P T g 40w - ".m
L . : B =)
Y B! 5. H .
. - °
N

Procedurefor V-I characteristics of the Tungstenand CFL Lamp

a) Chooseheappropriateatingsof the Ammeters, Voltmeters arfelisewire.

Fig.1V-I characteristicef the TungsterandCFL Lamp

b) Setupthecircuit asshownin Fig 1 with thelampsandinstrumentsasindicated.
Keeptheswitch S open.

c) Settheautotransformefor zerooutputvoltage.Closethe switchS.

d) Increasethe autotransformeiwoutput voltage in stepsof 20/30 V, until the full
voltage( i. e230V) is obtained. At each step, noe readings of V A1, A2 and
record them in

e) Tablel.Repeastep (d)decreasingutputvoltageof autotransformerfrom full to

zerovolts.
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Observation Table:

S.No Vi(V) [1(A) (TungstenLamp) I2(A) (CFL Lamp)
Inc Dec Mean Inc Dec Mean
1. 40 0.08 0.076 0.078 0.08 0.076 0.078
2 80 0.086 0.102 0.094 0.09 0.086 0.088
3 120 0.11 0.124 0.117 0.086 0.084 0.085
4 160 0.132 0.144 0.138 0.082 0.08 0.081
5 200 0.15 0.162 0.156 0.078 0.078 0.078
6 230 0.16 0.166 0.163 0.074 0.074 0.074
Model graph
T A
| Nonlinear
element 2
chyrac
0 \
Fig.2 Modelgraph forV-I characteristics
RESULT:

V-l Characteristicef differentlampshavebeenstudied.

DiscussionQuestions:

1. Howwill youinterpret thev-i characteristicef two differentincandescenamps?

2. Whydothereadingdiffer for increasinganddecreasingaluesof
thelampvoltages? DiscussioQuestions:

1. Accountfor thedifferencesjf any,betweerthe predictedandtheobserved

steadystat@peratingpointsof thecircuit.

Why sourcecharacteristicsvill bereferredasloadline characteristics?
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I.LFLUORESCENT LAMP:

Aim: To obtaintheV-I characteristicef a Fluorescent.amp

APPARATUS:
SI.LNO. Nameof the equipment Range Type Qty
Autotransformer 0-230V 1
2 Ammeter 0-0.2A Ml 2
3 Voltmeter 0-300v,0150v Ml 2,1
4 Fluorescentamp 36w 1
9
| | MOA
|
1.Ph ! VT CHORE
230V 1
s ] L
;" @ ‘ | i'“:;;:'m Fnamam
P wosoy Moy L.l
L |
i -
.0

Fig.7 Circuitdiagramfor testingof a Fluorescent.amp

Procedure:
1. Setupthecircuit asshownin Fig.7 Keepthe switch S open.

2. With theautotransformer aerooutputposition,close theswitchS.

3. Increasdhe autotransformegutputgraduallyuntil thelamplights up. Notethe
metereadingsandenterthemin thepropercolumnin Table3.

Whenthelampstartsto glow, increasehe autotransformeoutputvoltagein stepsintil the
ratedvoltageis obtained Enterthereadingsof themetersin Table3.
4. Decreasehe supplyvoltagein stepsuntil thelampextinguishesRecordthe
metereadings




Table 3: Fluorescentlamp characteristics.

S.NO. Vs Vi \Ye I Remarks
1 230 106 184 3.6 Full bright
2 210 114 150 2.4 Low bright
3 190 128 124 2.2 Dim
4 150 149 20 0 Light
extinguish

VS = Voltage across the supply = reading of the voltmeter V1
V1 = Voltage across the lamp = reading of the voltmeter V2
VC = Voltage across the choke = reading of the voltmeter V3

lL = Current through the lamp = reading of the ammeter A

RESULT: Thecharacteristicsf fluorescentampsarestudied.

DiscussionQuestions:

1. Plot VL versus ILand VC versus IL on the same graph sheet.
2. Comment on the nature of the plots. How are VL and Vc related?

3. Discuss the function of the choke in the lamp circuit. Can it be replaced
by a resistor?

4. What is the necessity of a starter? Can a single- pole switch replace it?
5. The voltage needed for starting the glow of the lamp and the voltage
when the lamp extinguishes, are not equal. Explain why?

6. If ac supply is replaced by dc, will the circuit work? If not, what changes

are to be made?
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Experiment No-12

Verification of Network Theorems

The objectiveof this experiments to verify the

a. T h e v e hheoneths

b. Superpositiorirheorem

APPARATUS:
SI.LNO. | Nameof the equipment Range Type Qty
1 Resistors 470q 1
470q 1
1k q 1
1k q 1
2 Breadboard - - 1
3 Regulatedoowersupply 0-30V - 1
4 Multimeter - Digital 1
5 Single StandWires As Required
d Thev e iTheordms
Circuit Diagrams:
4700 4700 multimeter 4700 470Q
NN\ AN AN
ﬁl;s‘“, ’;.2-1 §1 kQ R, =1kQ ::)l_?o\);_?_’ gl kO :,;D multimeter
(@) (b)
470Q 4700
ANN AN
5} ]-);0\’);'7_’ gl kQ C\) multimeter

()
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Procedure:

Figl: Circuit Diagramfor verificationoft h e v ethreoramd s

1.
2.

Connectthe circuit asshownin figl(a)

Switch on the RPSandapply someinput voltage(say30V), observe
theload current..

Now reconnecthe circuit asshownin Figl(b)andapplythe same
input voltageasinstep 2andobservethe shortcircuit current(kc).

Now reconnecthe circuit asshownin figl(c) and apply the sameinput voltageasin

step 2 and observethevoltage(\fh).open circuit voltage which is nothing but the
theveninos

5. Now computethet h e v eenuivalehtsesistancgRrn=V1n/lsc).
6. Computethe loadcurrentapplyingt h e v etireoremass =Vrv/(Rtn+RL).
7. Comparethe aboveload currentwith its observedvaluein step(2)
andverify thetheorem.
8. Adjusttheinputvoltageto a newvalueandrepeatthe procedure
from step(2)tostep(7)(Takeat leastfive setsof readings).
Table-l T h e v e filiegrains
SI.No [Sourcevoltage Observed lscmaVTh Rm=(V/ls|Computed load
Vs load current c) current
(I.)ma (Vth/(Rth+RL))=ILm
a
1 [10 3.8 8.3 | 6.750.813 3.72
2. 20 7.4 16.9| 13.40.792 7.4
470Q 4700
470Q 4700 AN AN
AMN—AWW
RPS —.__7’\.
RPS —.?_’\. v, ;7—1'{1’5 O-30mA7 T 1kQ
030V ! Q 7T (0-30V)

b) SuperpositionThearem:

(a) o))

c) Circuit Diagram:
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Procedure:

470Q 470Q2

AN AN
A ?,
. 2 RPS
V2 7T (0-30V)
1kQ)
(©)

Fig2: Circuit Diagramfor SuperpositionTheorem

1. Connecthecircuit as showrin the Fig2(a) apply someinput
voltageViandV2 andobservehecurrent(l) throughhel k q

resistor.

2. Connecthecircuit asshownin fig2(b), andapplythe samevoltageV asin stepland

observéhecurrent(k) throughthel k cesistor.

3. Connecthecircuit asshownin fig2(c), andapplythe samevoltageVasin stepland

observéhecurrent(lz) throughthel k cgsistor.

4. Compard with (I1+12) taking careof signs properlyo verifythetheorem.

5. Repeatheprocedurdrom stepito step4for five differentcombinationsf voltages \{ andV2

Tablei Il Superposition Theorem: For Vs=10,20v

SI.No. ITma | 11ma l2ma Computed  |Error [%Error
current
(It=I+l2)ma
1. 8.3 4.1 4.2 8.3 0 0
2 16.18 8.16 7.99 16.15 0.03 3

RESULT: Hencethe T h e v e andsugepositiotheoremgAre verified.

Discussion:

1) Canyousuggest anglternativeprocedure fothedetermination ol h e v e nesistarcdh»

2) Isthereanyrestrictionfor thechoiceof circuit elements@

3)  While consideringhe effectof a singlesourcethe othersource ishortcircuitedwhyHow far is it

justified?
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