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COURSEOBJECTIVES:
1.ToillustratethetheoreticalconceptstaughtinMechanicalMeasurements&Metrologythrough

hexperiments.
2.Toillustratetheuseofvariousmeasuringtoolsmeasuringtechniques.
3.Tounderstandcalibrationtechniquesofvariousmeasuringdevices.

COURSEOUTCOMES
Attheendofthecourse,thestudentswillbeableto

Descript
ion

C
L

POs

CO1 Tocalibratepressuregauge,thermocouple,LVDT,loadcell,
micrometer.

U PO1,
PO6

CO2 TomeasureangleusingSineCenter/SineBar/BevelProtractor,
alignment
usingAutocollimator/Rollerset.

U PO1,
PO6

CO3 TodemonstratemeasurementsusingOpticalProjector/Toolmaker
microscope,Opticalflats.

U PO1,
PO6

CO4 TomeasurecuttingtoolforcesusingLathe/Drilltooldynamometer. U PO1,
PO6

CO5 TomeasureScrewthreadparametersusing2-Wireor3-Wiremethod,
gear
toothprofileusinggeartoothvernier/Geartoothmicrometer.

U PO1,
PO6

CO6 TomeasuresurfaceroughnessusingTallySurf/Mechanical
Comparator.

U PO1,
PO6

PART-A:MECHANICALMEASUREMENTS
1.CalibrationofPressureGauge
2.CalibrationofThermocouple
3.CalibrationofLVDT
4.CalibrationofLoadcell
5.Determinationofmodulusofelasticityofamildsteelspecimenusingstraingauges.

PART-B:METROLOGY
1.MeasurementsusingOpticalProjector/ToolmakerMicroscope.
2.MeasurementofangleusingSineCenter/Sinebar/bevelprotractor
3.MeasurementofalignmentusingAutocollimator/Rolleset
4.Measurementofcuttingtoolforcesusing

a) LathetoolDynamometerOR
b) DrilltoolDynamometer.

5.MeasurementsofScrewthreadParametersusingtwowireorThree-wiremethods.
6.MeasurementsofSurfaceroughness,UsingTallySurf/MechanicalComparator
7.MeasurementofgeartoothprofileusinggeartoothVernier/Geartoothmicrometer
8.CalibrationofMicrometerusingslipgauges
9.MeasurementusingOpticalFlats

SchemeofExamination:
ONEquestionfrom part-A:25Marks

ONEquestionfrom part-B: 40Marks
Viva-Voice: 15Marks



Total: 80Marks
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EXPERIMENTALSETUPFORPRESSUREGAUGEEXPERIMENT

Specifications
:

Capacity :10kg/cm2.

Type :Straingaugetype.

SensingElement :Resistancesstrain
gauges.

OverLoad

OperatingTemp

:10%ratedcapacity.

:100Cto500C

Excitation :10voltsDC

Resistancein
ohm‘s

:350Ohmstypical
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PART-A

ExperimentNo:1 Date:

CALIBRATIONOFPRESSUREGAUGE

Aim:Tocalibratethegivenpressuregaugeorpressurecell.

Apparatus:
Pressurecell/sensor/gauge,Dialtypepressurecellindicator,DigitalpressureIndicator,

weight pan,compressortocreatepressure

Theory: Many techniques have been developed for the measurementof

pressureandvacuum.Instruments used to measure pressure are called pressuregaugesor

vacuum gauges.A'manometer'isaninstrumentthatusesacolumnofliquidtomeasurepressure,

althoughtheterm isoftenusednowadaystomeananypressuremeasuringinstrument.Apressure

sensor/gaugesmeasurespressure,typicallyofgasesorliquids.Pressureisanexpressionofthe

forcerequiredtostopafluidfrom expanding,andisusuallystatedintermsofforceperunitarea.A

pressuresensorusuallyactsasatransducer;itgeneratesasignalasafunctionofthepressure

imposed. Pressuresensorsareused for controlandmonitoringinthousandsofeveryday

applications.Pressuresensorscanalsobeusedtoindirectlymeasureothervariablessuchas

fluid/gasflow,speed,waterlevel,and altitude.Pressure sensorscan alternativelybe called

pressuretransducers,pressuretransmitters,pressuresenders,pressure indicators,pyrometers

andmanometers,amongothernames.

Procedure:

1.Makesurethatdeadweightpressuretesterisfilledwithoil.Tofilloil,filltheoilfullyin

theoilcupprovided.Movetheplungertoandfrosothatalltheairinsidethereservoirwill

befilledwithoilcompletely.

2.Connectthepressurecelltothepressureindicatorthroughgivencable.

3.Connecttheinstrumenttomainsi.e.,230voltspowersupplyandswitchonthe

instrument.

4.Checkupthedeadweightpressuretesterplungeristotheextremeendsothatthere

shouldnotbeanyloadorpressureonthepiston.

5.Nowadjustthezeropointoftheindicator,toindicatezero.

6.Applytheloadof10kgonthepiston.

7.Movetheplungertoapplypressureonthepiston.Whenappliedpressure

researches10kg/cm2,pistonwillstartmovingup.

8.Nowreadthepressuregaugereadingandadjustthecalpotoftheindicatortosame

pressure,astheanalogreading.Nowthegivenpressurecelliscalculated.

9.Releasethepressurefullybyrotatingtheplunger.
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10.Loadthepistonbyonekg;applythepressurebyrotatingtheplunger.AtaPressureof

onekg/cm2,pistonstartsliftingup.Notedownthreading.

11.Repeattheexperimentfordifferentloadsonthepistonstepbystep,andnotedownthe

readingsofdialgaugeandpressureindicator,simultaneouslyineverystep.

12.Calculatethepercentageerrorandplotthegraph.

TabularColumn:

SL

No.

Actual

Pressure(Pa)

(kg/cm2)

Pressureshown

indigital

indicator

(Pi)

(kg/cm2)

Error

Pi

–Pa

% Error

Pi–Pax100

Pa

1

2

3

4

5

6

7

8

9
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Calculation: %Error=IndicatedPressure–ActualPressure X100

ActualPressure

PlottheGraphsasfollows:

1.IndicatedPressurev/sActualPressure

2.IndicatedPressurev/sPercentageerror

Applications:

 Pressuregaugesareusedforvarietyofindustrialandapplication-specific

pressure-monitoringapplications.Theirusesincludevisualmonitoringofair

& gas pressure forcompressors,vacuum equipment,process lines &

specialtytankapplicationssuchasmedicalgascylinders&fireextinguishers.

 Fluidpressureindustrialhydrauliccircuits.

 Measurementofsteam pressureinpowerplants&boilers.
 Measurementofpressure in large pumping stations/waterworks/or

minor/majorirrigations.

Results:

ThegivenPressuregaugewascalibratedandtheaveragepercentageoferrorisfoundto
be………………..%
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EXPERIMENTALSETUPFORTHERMOCOUPLEEXPERIMENT
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ExperimentNo.2: Date:

CALIBRATIONOFTHERMOCOUPLE

Aim:TocalibratethegiventhermocoupleusingResistancethermometer(RTD).

Apparatus:Thermocouple,RTD,DigitaltemperatureIndicator,Waterbath

Theory:

Temperaturemeasurementisthemostcommonandimportantmeasurementincontrolling
anyprocess.Temperaturemaybedefinedasanindicationofintensityofmolecularkinetic
energywithinasystem.Itisafundamentalpropertysimilartothatofmass,lengthandtime
&henceitisdifficulttodefine.Temperaturecannotbemeasuredusingbasicstandards
throughdirectcomparison.Itcanonlybedeterminedthroughsomestandardizedcalibrated
device.Changeintemperatureofasubstancecausesavarietyofeffectssuchas:
i)Changeinphysicalstateii)Changeinchemicalstateiii)Changeinphysical
dimensionsiv)Changeinelectricalpropertiesandv)Changeinradiatingability.And
anyofthese effects maybe used to measure the temperature Temperature
Measurement by Electrical Effects, Thermo resistive Elements, Electrical
ResistanceThermometers,ElectricalResistanceThermometers,Instrumentation
forResistanceThermometersandThermocouple.

Theelectricalresistanceofmostmaterialsvarieswithtemperature.Resistance elements

which are sensitive to temperature are made ofmetalsand are good conductorsof

electricity.Examplesarenickel,copper,platinum andsilver.Anytemperature-measuring

device which uses these elements are called resistance thermometers orresistance

temperaturedetectors(RTD).Ifsemiconducting materialslikecombination ofmetallic

oxidesofcobalt,manganeseandnickelhavinglargenegativeresistanceco-efficientare

usedthensuchdevicesarecalledthermistors.

WhentwodissimilarmetalsarejoinedtogetherasshownintheFig.electromotiveforces

(emf)willexistsbetweenthetwopointsAandB,whichisprimarilyafunctionofthejunction

temperature.This phenomenon is called the see beck effect.Ifthe two metals are

connectedtoanexternalcircuitinsuchawaythatacurrentisdrawn,theemfmaybealtered

slightlyowingtoaphenomenoncalledthepeltiereffect.Further,ifatemperaturegradient

existsalongeitherorbothofthemetals,thejunctionemfmayundergoanadditionalslight

alteration.ThisiscalledtheThomsoneffect.Hencethereare,threeemf‘spresentina

thermoelectriccircuit:i)TheSeebeckemf,causedbythejunctionofdissimilarmetalsii)

ThePeltieremf,causedbyacurrentflowinthecircuitandiii)TheThomsonemf,resulting

from atemperaturegradientinthemetals.TheSeebeckemfisimportantsinceitdepends

onthejunctiontemperature.Iftheemfgeneratedatthejunctionoftwodissimilarmetalsis

carefullymeasuredasafunctionoftemperature,thensuchajunctionmaybeusedforthe

measurementoftemperature.Theaboveeffectsform thebasisforathermocouplewhichis

atemperaturemeasuringelement.
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Procedure:

1.TurnthetypeselectortothedesiredpositionaccordingtothegivenT.C.probe.
2.ConnecttheRTD(ResistanceTemperatureDetector)probetotheresistance
Temperaturedetectordisplay.
3.Connectthegiventhermocoupletothethermocoupletemperaturedisplay.
4.Placethethermocouplehotjunction andtheRTDprobeintoabeaker
containingwateratroom temperature.
5.Connectthepowersupplytothetemperate eradicator.
6.Recordtheroom temperaturefrom theRTDtemperatureindicator.
7.Adjustthezerosettingknobofthethermocoupletemperatureindicatoruntilthe
displayshowstheroom temperature.
8.Connectthepowersupplytoheatingcoil&heatthewaterinthewaterbath.
9.SetthetemperatureofthermocoupletothetemperatureofRTDindicator

whentheWaterisboiling,usingCALknob.
10.NowthegiventhermocoupleiscalibratedwithreferencetoRTD.
11.RecordtheRTDandthermocoupletemperatureindicatorreadingsimultaneously
atregularintervals.
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ObservationsandTabularcolumn:

RTDtype:ResistanceTemperatureDetectorType

Materialsforthermocoupleswires=‗J‘type

SL
No.

TempofWater

byRTD

ta(oC)

TempofWater

by

Thermocouple

tm(oC)

Error

tm–

ta

%Error

tm–tax

100

ta

1

2

3

4

CalculationforJtype

%Error= Thermocouple-RTDX100

RTD
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Materialsforthermocoupleswires=‗K‘type

SL
No.

TempofWater

byRTD

ta(oC)

TempofWater

by

Thermocouple

tm(oC)

Error

tm–

ta

%Error

tm–tax

100

ta

1

2

3

4

CalculationforKtype

%Error= Thermocouple-RTDX100

RTD



Dept.OfMech,BGSIT,BGNagar-571448

MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

Materialsforthermocoupleswires=‗T‘type

SL
No.

TempofWater

byRTD

ta(oC)

TempofWater

by

Thermocouple

tm(oC)

Error

tm–

ta

%Error

tm–tax

100

ta

1

2

3

4

CalculationforTtype

%Error= Thermocouple-RTDX100

RTD

PlottheGraphs:

1.tm v/sta

2.%Errorv/stm
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Advantages:

1.Thermocouplesarecheaperthantheresistancethermometers.

2.Thermocouplesfollowthetemperaturechangeswithsmalltimelagthus
suitableforrecordingrapidlychangingtemperatures.

3. Theyareconvenientformeasuringthetemperatureataparticularpoint.

Disadvantages:

1.Possibilityofinaccuracyduetochangesinthereferencejunctiontemperature
hencetheycannotbeusedinprecisionwork.

2.Forlonglife,theyshouldbeprotectedtopreventcontaminationandhaveto
bechemicallyinertandvacuum tight.

3.When thermocouples are placed far from the measuring systems,
connectionsaremadebyextensionwires.Maximum accuracyisobtained
only when compensating wires are ofthe same materialas thatof
thermocouplewires,thusthecircuitbecomescomplex.

Applications:

 Thermocouplesareusedinbigblastfurnaces.

 Thermocouplesareusedintransformers

 Thermocouplesareusedinautomobiles,dieselelectricalrailwaysandlarge
motors.

 Inpressurevesseltemperaturecontrolsinpetrochemicalandchemical

industriesthermocoupleshavebeenused.

 Insteelmelting&rollingmillsfortemperaturecontrol,theseareused.

Results:

ThegiventhermocoupleiscalibratedUsingRTD.
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MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

EXPERIMENTALSETUPFORTHELVDTEXPERIMENT
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ExperimentNo.3: Date:

CALIBRATIONOFL.V.D.T

Aim:TomeasurethedisplacementofcoreusinglinearvariabledifferentialTransformer.

Apparatus:LVDTwithMicrometer(±10mm Capacity),DigitaldisplacementIndicator.

Theory:

LVDTisamutualinductanceTransducerdevicewhichproducesanA C Voltageoutput

proportionaltothedisplacementofacorepassingthroughthewindings.Itconsistsofa

primaryA C Coiloneachsideofwhicharemountedtosecondarycoilwiredinseries

oppositionalongtheaxisofthreecoilsanironcoreismounted.Themovementoftheiron

corecausestheinducedemfinthesecondarycoilstovaryandbecauseoftheirseries

oppositionconnectiontheircombinedoutputwillbethedifferenceofemf‘sinduced.Thus

theoutputvoltageofthedeviceisanindicationofthedisplacementofthecore.When

operatinginthelinearrange,thedeviceiscalledLVDT.Sincethesecondarycoilis

connectedinseriesopposition,anullpositionexistsatwhichthenetoutputvoltageis

essentiallyzero.Theoutputvoltageundergoesan180Ophaseshiftfrom onesideofthenull

positiontotheother.

Inthepracticaldifferentialtransformerisalwaysacapacitiveeffectbetweenthe

primaryandsecondarycoilswhichresultsinasmalloutputvoltageevenwhentheinduced

emf‘sinthesecondarycoilsareinequalopposition.Thisisnormallylessthanonepercent

ofthemaximum voltage.LVDTprovidescomparativelyhighoutputandisalsoinsensitive

totemperature.

Procedure:

1.ConnecttheLVDTandDigitaldisplacementmetertomainsupply.

2.Adjustthezeropotofthedisplacementindicatortoindicatezero.

3.ConnecttheLVDTsensortothedisplacementindicatorthroughthecable.

4.Rotatethemicrometerknobtoclockwiseorantilockdirection,tobringtheLVD

Tcoretonullpositionofthesensor.Wherethereisnoinducedemf.Atthis

positionindicatorwillreadzero.Notedownthemicrometerreading.Thisisinitial

readingofmicrometer.



Dept.OfMech,BGSIT,BGNagar-571448

MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

TabularColumn

SL
No.

Core

Positio

n

Digital

Displaceme

ntReading

SiIn

mm

Micromete

rReading

Sa

Inmm

Error

Si–Sa

%ErrorSi

–Sax100

Sa

1 Moving

2 the
core

3 toward
s

leftof4

null5

positio
n

TabularColumn

SL
No.

Core

Positio

n

Digital

Displaceme

ntReading

SiIn

mm

Micromete

rReading

Sa

Inmm

Error

Si–Sa

%ErrorSi

–Sax100

Sa

1 Moving

2 the
core

3 toward
s

rightof4

null5

positio
n



Dept.OfMech,BGSIT,BGNagar-571448

MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

Calculation:forleftofnullposition

%Error=LVDTReading–MicrometerreadingX100

MicrometerReading

Calculation:forrightofnullposition

%Error=LVDTReading–MicrometerreadingX100

MicrometerReading

Applications

LVDT‘sareusedinpositioncontrolinmachinetools.

Tomeasurethefurnacetiltingpositioninsteelmeltingshops.

Tocheckthepositionofan Aileronsinthewingassemblelyinaero

space. Inlandinggearposition,LVDT‘sareused.

LVDTaresuitableforuseinapplicationswherethedisplacementsaretoolargefor

straingaugetohandle.Thereareoftenemployedtogetherothertransducersfor

measurementofforce,weight&pressureetc.

PlottheGraphs:

1.LVDTreadingv/sCoredisplacement.

2.LVDTreadingv/s%error.

Results:

CalibrationofLVDTisperformedandpercentageerrorwasfoundtobe
…………………and………………whencoremovetowardsrightsideandleftsiderespectively.
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MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

EXPERIMENTALSETUPFORTHEEXPERIMENTOFLOADCELL
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ExperimentNo.4: Date:

CALIBRATIONOFLOADCELL

Aim:Tocalibrategivenloadcellandplotagraphofindicatedvaluetoactualvalue.

Apparatus:Loadcellof(10kgcapacity),deadweightsanddigitalloadindicator.

Theory:Weighing load/force using spring deflection is widelyaccepted one.Butthe

deflectionofspringreadingmechanicallyisverytediousandtimeconsuming.Oneofthe

mosteffective&accuratemethodisusingstraingaugebasedloadcells.Usingtheprinciple

ofdeflectionofhightensilestrengthmaterialwhenloadisappliedonitandconvertingitinto

proportionalelectricalsignalbyusingstraingaugeswillgiveaccuratewayofmeasuring

load.Straingaugesarebondedonthecolumnsofcorrosionresistancesupertoughalloyof

hightensilestrengthsteelthatdeformsveryminutelyunderload.Thisdeformationis

convertedtoelectricalsignalthroughstraingaugesbondedonthecolumnandconnectedto

form awheatstonebridge.Thiselectricaloutputisproportionaltotheloadactingonthe

columns.Theoutputoftheloadcelliscalibratedwithreferencetosomestandardi.e.,

primarystandardi.e.deadweights.

Procedure:

1.Connecttheloadcelltodigitalindicatorinsertingthecorrespondingcolorcodes.

2.Connectthedigitalindicatortomainsandswitchontheindicator.

3.Adjustthezeroknoboftheindicatorto0000.

4.Applytheweightsupto08kg.

5.Applythe‗Cal‘knoboftheindicatortoread78.48N.i.e.(9x9.81N).

6.Removeweightsform theloadcell.

7.Setthezeroknobtozeroandrepeatthecalibration.

8.Nowinstrumentisreadyformeasurement

9.Keeptheweightsonebyoneandtakedowntheindicatorreading.

10.Calculatethecorrection,errorand%error.
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TabularColumn

Sl.No Actual
LoadLa

inKg

Indicated
LoadLi

inKg

ErrorLi

-La

%Error
Li-Lax100

La

1

2

3

4

5

Calculation:

Error=IndicatedLoad-ActualLoad

%Error=IndicatedLoad–ActualLoadX100

ActualLoad

PlottheGraphs:

1.IndicatedLoadv/sActualLoad.

2.IndicatedLoadv/s%Error.

Applications

1.Weighingsystemsareusedinbothstaticanddynamicapplications.

2.Inroadandrailwayweighbridges.

3.Inelectricaloverheadtravellingcranes.

4.Rollforcemeasurementinsteelplants/rollingmills.

5.Weighbridgesinconveyers&bunker

Result:

ThegivenLoadcelliscalibratedandpercentageerrorwasfoundtobe……………….%
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EXPERIMENTALSETUPFORSTRAINGAUGE

Specification:

Type :Straingaugebased.

Range :10Kg.

GaugeResistance :350ohms.

MaxExcitation :12VoltDC.

InsulationResistance :1000megaohms@ 25degrees

measuredat30voltDC.

CombinedError :+or–0.5%oftheF.5.

OperatingTemperature :0degreeto50degree.

Safeoverload :10%oftheratedload.
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ExperimentNo.5: Date:

DETERMINATIONOFMODULUSOFELASTICITYOFAMILD

STEELSPECIMENUSINGSTRAINGAUGES

Aim:Todeterminetheelasticconstant(modulusofelasticity)ofacantileverbeam

subjectedtoconcentratedendloadbyusingstraingauges.

Apparatus:Cantileverbeam,StrainGauges,strainindicator,weights,weighingpan,

Theory:

Abodysubjectedtoexternalforcesisinaconditionbothstressandstrain.Stress

cannotbedirectlymeasuredbutitseffects,i.e.changeofshapeofthebodycanbe

measured.Ifthereisarelationshipbetweenstressandstrain,thestressesoccurringina

bodycanbecomputedifsufficientstraininformationisavailable.Theconstantconnecting

thestressandstraininelasticmaterialunderthedirectstressesisthemodulusofelasticity.

i.e.E=/

TheprincipleoftheelectricalresistancestraingaugewasdiscoveredbyLordKelvin,

whenheobservedthatastressappliedtoametalwire,besideschangingitslengthand

diameter,alsochangesitselectricalresistance.Metallicelectricalstraingaugesaremadein

totwobasicforms,bondedwireandbondedfoil.Wiregaugesaresandwitchedbetween

twosheetsthinpaperandfoilgaugesaresandwitchedbetweentwothinsheetsofepoxy.

TheresistanceRofametaldependsonitselectricalresistivity,itsareaaandthelengthl

accordingtotheequation.R=l/a.Thustoobtainahighresistancegaugeoccupyinga

smallareathemetalchosenhasahighresistivity,alargenumberofgridloopsandavery

smallcrosssectionalarea.Themostcommonmaterialforstraingaugesisacopper-nickel

alloyknownasadvance.

Thestraingaugeisconnectedtothematerialinwhichitisrequiredtomeasurethe

strain,withathincoatofadhesive.MostcommonadhesiveusedisEastman,ducocement,

etc.Asthetestspecimenextendsarecontractsunderstressinthedirectionofwindings,

thelengthandcrosssectionalareaoftheconductoralter,resultinginacorresponding

increaseordecreaseinelectricalresistance.
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MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

Astraingaugeisadeviceusedtomeasurestrainonanobject.InventedbyEdwardE.

SimmonsandArthurC.Rugein1938,themostcommontypeofstraingaugeconsists of

aninsulatingflexiblebackingwhichsupportsametallicfoilpattern.Thegaugeisattachedto

theobjectbyasuitableadhesive,suchascyanoacrylate.Astheobjectisdeformed,thefoil

isdeformed,causingitselectricalresistancetochange.Thisresistancechange,usually

measuredusingaWheatstonebridge,isrelated to the strain bythe quantityknown as

thegaugefactor.

Astraingaugetakesadvantageofthephysicalpropertyofelectricalconductance

anditsdependenceontheconductor'sgeometry.Whenanelectricalconductorisstretched

withinthelimitsofitselasticitysuchthatitdoesnotbreakorpermanentlydeform,itwill

becomenarrowerandlonger,changesthatincreaseitselectricalresistanceend-to-end.

Conversely,whenaconductoriscompressedsuchthatitdoesnotbuckle,itwillbroaden

andshortenchangesthatdecreaseitselectricalresistanceend-to-end.From themeasured

electricalresistanceofthestraingauge,theamountofappliedstressmaybeinferred.A

typicalstraingaugearrangesalong,thinconductivestripinazigzagpatternofparallellines

suchthatasmallamountofstressinthedirectionoftheorientationoftheparallellines

resultsinamultiplicativelylargerstrainmeasurementovertheeffectivelengthofthe

conductorsurfacesinthearrayofconductivelinesandhenceamultiplicativelylarger

changeinresistancethanwouldbeobservedwithasinglestraight-lineconductivewire.
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MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

A Wheatstone bridge is an electricalcircuitused to measure an unknown electrical

resistancebybalancingtwolegsofabridgecircuit,onelegofwhichincludestheunknown

component.Itsoperationissimilartotheoriginalpotentiometer.ItwasinventedbySamuel

HunterChristiein1833andimprovedandpopularizedbySirCharlesWheatstonein1843.

OneoftheWheatstonebridge'sinitialuseswasforthepurposeofsoilsanalysisand

comparison.Inthefigure, istheunknownresistancetobemeasured; , and are

resistorsofknownresistanceandtheresistanceofisadjustable.Iftheratioofthetwo

resistances in the known leg isequaltotheratio ofthe two in the unknown

leg ,thenthevoltagebetweenthetwomidpoints(BandD)willbezeroand no

currentwillflow throughthegalvanometer .Ifthebridgeisunbalanced,thedirectionof

thecurrentindicateswhether istoohighortoolow. isvarieduntilthereisnocurrent

through the galvanometer,which then reads zero. Detecting zero current with

agalvanometercan be done to extremely high accuracy.Therefore,if , and are

knowntohighprecision,then canbemeasured tohighprecision.Verysmallchanges

in disruptthebalanceandarereadilydetected.Atthepointofbalance,theratioof

Alternatively,if , ,and areknown,but isnotadjustable,thevoltagedifference

acrossorcurrentflow throughthemetercanbeusedtocalculatethevalueof,using

Kirchhoff‘s(alsoknownasKirchhoff'srules).Thissetupisfrequentlyusedinstraingauge

andresistancethermometermeasurements,asitisusuallyfastertoreadavoltageleveloff

ameterthantoadjustaresistancetozerothevoltage.

Significance:TheWheatstonebridgeillustratestheconceptofadifferencemeasurement,

whichcanbeextremelyaccurate.VariationsontheWheatstonebridgecanbeused to

measurecapacitance,inductance,impedanceandotherquantities,suchastheamountof

combustiblegasesinasample,withanexplosimeter.TheKelvin Bridgewasspecially

adaptedfrom theWheatstonebridgeformeasuringverylowresistances.Inmanycases,the

significanceofmeasuringtheunknownresistanceisrelatedtomeasuringtheimpactof

somephysicalphenomenon(suchasforce,temperature,pressure,etc.)whichthereby

allowsthe useofWheatstonebridgeinmeasuringthoseelementsindirectly.Theconcept

wasextendedtoalternatingcurrentmeasurementsbyJamesClerkMaxwellin1865and

furtherimprovedbyAlanBlumleinaround1926.

Observations:

Distancebetweengaugecenterstothepointapplicationof

loadLengthinmm L =250mm.

Widthofbeam,binmm =42mm.

Thicknessofbeam,hinmm =3mm.
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I.StrainMeasurementinFourArm Modes(Fullbridge)

Procedure:

1.Switchontheinstrumentandleave15minutestowarm up.

2.Connecttherespectivecolourwiresofsensorstoterminalsintheindicatorpanel.

3.Keepthearm selectorswitchon4.

4.Keepthefunctionswitchtogaugefactorandadjustthegaugefactorpot,toread

500indisplay.

5.Selectthefunctionswitchtocalandadjustthecalpottoread1000.

6.Keepthefunctionswitchtoreadandadjustthedisplaytoreadzero.

7.Applyload100gmsstepbystepandnotethereadings.

8.CalculatetheYoung‘sModulusandcomparethevaluewiththeoreticalvalue.

GaugeFactororStrainSensitivity

Foragivenamountofunitstrain(ΔL/L),thegaugewillundergoacorrespondingchangein

resistance(ΔR/R).Theratiooftheunitchangeintheresistancetotheunitchangeinthe

lengthisknownasgaugefactor.whereRisthenominalresistanceofthegauge

conventionalfoilgaugeshavestandardizednominalresistancevaluesof

120&350ohms&typicallyexhibitgaugefactorsbetween1.5&3.5.intypicaltransducer

applications,theyaresubjectedtofullscaledesignstrainlevelsrangingfrom 500to2000

microstrain.

Results:

Usingthestraingauges,Young‘sModulusofthegivenmildsteelspecimenhasbeen

determinedforfullbridge
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TabularColumn(FullBridge):

SL
No.

Load

AppliedW

in(N)

Strain

Indicator

Reading

micro
strain

Measured
strain

m =x10-6

4

Bending

Stress

=6wl/
bh2

Modulusof

ElasticityE=/

m (N/mm2)

gms N

1 200

2 400

3 600

4 800

5 1000

Calculation:

LoadApplied,W =0.2x9.81(200g/1000)=1.962N

BendingStress,=6WL/bh2 =(6x1.962x250)/(42x32)=7.78N/mm2

ForFourArm Modes,(FullBridge)

MeasuredStrain,m =x10-6/4=

Young‘smodulus,E=/m= =2x105N/mm2
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TabularColumn(forHalfBridge):

SL
No.

Load

AppliedW

in(N)

Strain

Indicator

Reading

micro
strain

Measured

strain

m =x10-6

2

Bending

Stress

=6wl/
bh2

Modulusof

Elasticity

E=/m
(N/mm2)

gms N

1 200

2 400

3 600

4 800

5 100
0

II.StrainMeasurementinTwoArm Modes(Halfbridge)

Procedure:

1.Switchontheinstrumentandleave15minutestowarm up.

2.ConnecttherespectivecolourwiresofsensorstoterminalsintheindicatorPanel.

3.Removethecenterpininthesensorpartandgreenpinintheindicatorpanel.

4.Keepthearm selectorswitchon2.

5.Keepthefunctiontogaugefactorandadjustthegaugefactorpottoread500indisplay.

6.Selectthefunctionswitchtocalandadjustthecalpottoread1000.

7.Keepthefunctionswitchtoreadandadjustthedisplaytoreadzero.

8.Applyloadof100gmsgraduallyandnotedownthereading.
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9.CalculatetheYoung‘sModulusandcomparethevaluewiththeoreticalvalue.
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TabularColumn(forQuarterBridge):

SL
No.

Load

AppliedW

in(N)

Strain

Indicator

Reading

micro
strain

Measured
strain

m =x10-6

1

Bending

Stress

=6wl/
bh2

Modulusof

ElasticityE=/

m (N/mm2)

gms N

1 200

2 400

3 600

4 800

5 1000

III.StrainMeasurementinoneArm Modes(QuarterBridge)

Procedure:Removethecenterpininthesensorpartandblackpinintheindicatorpanel.

Remainingissameashalfbridge.

Applications:

1.Whereverloadcellsareusingthereisastraingaugeembeddedinit.

2.Estimationofstructuralstrengthinsteel&concretestructures,bridges&

hydraulicstructures.

3.Inlargemachineries,pipelines&pressurereversals.

4.Estimationofremaininglifeofold&hugestructureslikecivilengineering

structures,railbridges&electricaltowers.

5.Straingaugesareusedforthestressanalysiswithoutanyexperiments.

6.Straingaugesarealsousedinmeasuringthestressdevelopedinthe

movingpartsoftheengine.Ex:piston.

Graphs:

Byplottingthegraph,m asthebaseandastheordinate,astraightlineisobtained

from whichtheslopecanbefound.

ModulusofelasticityE=slopeoftheline

Results:

Usingthestraingauges,Young‘sModulusofthegivenmildsteelspecimenhasbeen
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determinedforhalfandquarterbridges.
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EXPERIMENTALSET UPFORTOOLMAKERMICROSCOPE
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ExperimentNo.6: Date:

MEASUREMENTOFTHREADPARAMETERSBYUSING

TOOLMAKERMICROSCOPE

Aim:MeasurementofthreadparametersbyusingToolmakermicroscope.

Apparatus:Toolmakermicroscope,verniercalliperandpitchgauge.

Theory:

Toolmaker‘smicroscopeisversatileinstrumentthatmeasuresbyopticalmeanswithno

pressurebeinginvolved.Itisthusaveryusefulinstrumentformakingmeasurementsof

smallanddelicateparts.Centretocentredistanceofholesinanyplaneandotherwide

varietyoflinearmeasurements and accurate angularmeasurements.A Toolmaker‘s

microscopehasopticalheadwhichcanbemovedupordowntheverticalcolumnandcan

beclampedatanyheightbymeansofaclampingscrew.Thetablewhichismountedonthe

baseoftheinstrumentscanbemovedintwomutuallyperpendicularhorizontaldirections

(longitudinal

andlateral)bymeansofaccuratemicrometersscrewshavingthimblescaleandvernier.A

rayoflightfrom lightsourceisreflectedbyamirrorthrough900.Itisthenpassesthrougha

transparentglassplate(onwhichflatpartsmaybeplaced).Ashadowimageoftheoutline

orcontouroftheworkpiecepassesthroughtheobjectiveoftheopticalheadandis

projectedbyasystem ofthreeprismstoagroundglassscreen.Thescreencanberotated

through3600theangleofrotationisreadthroughanauxiliaryeyepiece.

Fortakinglinearmeasurementstheworkpieceisplacedoverthetable.Themicroscopeis

focusedandoneendoftheworkpieceismadetocoincidewithcrosslineinthemicroscope

(byoperatingmicrometersscrews).Thetableisagainmoveduntiltheotherendofthework

piececoincidewiththecrosslineonthescreenandthefinalreadingtaken.From thefinal

readingthedesiredmeasurementcanbetaken.

Tomeasurethescrewpitch,thescrewismountedonthetable.Themicroscopeisfocused

(byadjustingtheheightoftheopticalhead)untilasharpimageoftheprojectedcontourof

thescrewisseenonthegroundglassscreen.Thecontourissetsothatsomepointonthe

contourcoincideswiththecrosslineonthescreen.
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Procedure:

1.Notetheleastcountofthemicrometers.

2.Dimensionsofthescrewthreadwhoseelementshavetobemeasuredarenoted.

3.PlaceorfixthescrewthreadonXYstage(stageglass)ofthetoolmaker‘s
microscope.

4.Alignameasuringpointontheworkpiecewithoneofthecrosshairs.

5.Takethereadingfrom themicrometerhead.

6.MovetheXYstagebyturningthemicrometerheadandalignanothermeasuring

pointwiththesamecrosshairandtakethereadingatthispoint.

7.Differencebetweenthetworeadingsrepresentsthedimensionbetweenthe two

measuringpoints.

8.Repeattheexperimentfordifferentscrewthread.

Observations:

1 LeastCountofverticalslidemicrometer=1MSD/No.ofdivisionsonthimble

=0.0005mm or5microns.

2 LeastCountofhorizontalslidemicrometer=1MSD/No.ofdivisionsonthimble

=0.0005mm or5microns.

TabularColumn:

Sl.No Parameters
ToolMakerMicroscopeReading

Initial(a) Final(b) TotalA=a-b

1 Outsidedia.(mm)

2 insidedia.(mm)

3 Effectivediameter(mm)

4 Pitch(mm)

5 Helixangle(Degree)
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Calculations:

Initialreading=MSR+(CVD×LC)
Finalreading=MSR+(CVD×LC)
Totalreding=initialreading-finalreading

AngleMeasurement:

Anglesaremeasuredwiththeangledialusingthefollowingprocedure

1.Alignanedgeoftheworkpiecewiththecross–hairreticle.

2.Aligntheendedgewiththecenterofthecross–hair;turntheangledialtoalign
thecross

–hairwiththeotheredgeoftheworkpiece.

3.Takereadingsfrom theangledial.

Objectives:

1.Afterperformingthisexperiment,youshouldbeableto
2.appreciatetheimportanceofprecisionmeasurement,
3.knowhowprecisemeasurementscanbetakenwiththisinstrument,
4.explainthefieldofapplication/workingofthisinstrumpet,and
5.understandtheprincipleofworkingoftoolroom microscope.

Results:

Thefollowingparametersarefoundthat;

1.Outsidedia. = mm

2.Insidedia. = mm

3.Effectivedia. =______________mm

4.Pitch = mm

5.Helixangle = Degrees

Applications:

1.Precisiontoolsmakingofcuttingtools.

2.Injigsandfixturesforaccuracymeasurement,thiscanbeused.

3.Inassembly&matchingofcomponents.

4.InPrecisionmachining

5.Injewelleriesapplications.
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EXPERIMENTALSETUPFORSINECENTER
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ExperimentNo.7A: Date:

MEASUREMENTOFTAPERANGLEUSINGSINECENTRE

Aim:Todeterminethetaperangleofagiventaperpluggauge/componentbyusingsine

centre.

Apparatus: Sine centre, Plug gauge, slips gauge, Surface Plate,

Comparatorwitharrangement&cleaningagentwithcotton.

Theory:

Thesinecentresareusedtomeasuretheanglesveryaccuratelyorforlocatinganyworkto

agivenanglewithinmuchclosedlimits.Sinecentrearemadefrom HighCarbon,High

Chromium corrosionresistantsteel,hardened,groundandstabilized.

Aspecialtypeofsinebarissinecentrewhichisusedforconicalobjects.Itcannotmeasure

theanglemorethan45degrees.Twocylindersofequaldiameterareattachedattheends,

theaxisofthesetwocylindersaremutuallyparalleltoeachotherandalsoparalleltoand

equaldistancefrom theuppersurfaceofthesinecenter.Thedistancebetweentheaxesof

thetwocylindersisexactly50or100inBritishsystem and100,200,300,mm inMetric

system.Someholesaredrilledinthebodyofthebartoreducetheweightandtofacilitate

andling.

Sinecentreitselfisnotacompletemeasuringinstrument.Anotherdatum suchassurface

plateisusedaswellasauxiliaryequipmentnotablyslipsgauges.

Sinecentreisbasicallyasinebarwithblockholdingcenterswhichcanbeadjustedand

rigidlyclampedinanyposition.Theseareusedforinspectionofconicalobjectsbetween

centers.Theseareuseduptoinclinationof60°.Rollersareclampedfirmlytothebody

withoutanyplay.Thisisaveryusefuldevicefortestingtheconicalworkcanteredateach

end.Theprincipleofsettingissameasofsinetable.

Procedure:

1.Notedowntheleastcountofthevenirecaliperanddialgauge.

2.Measuretheminimum,maximum diameterandaxiallengthoftaperpluggauge
usingVerniercalliper.

3.Calculateapproximateheightofslipgaugeusingformula.
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4.BuilduptheheightusingM-87setofcleaningthesurfaceofslipgaugeusing
acetoneliquidandusewringingtechniquetobuildtheheight.

5.Placetheslipsbelowoneofthecylinderofsinecentrewhichisplacedabove
thesurfaceplate.

6.Keepthepluggaugeinbetweenthesincentre.

7.Usethedialgaugewithassemblingtocheckthedeviationfrom oneendto
otherendofpluggaugeandnotedownthedeviations.

8.AddorsubtractthevalueofthedeviationtodifferenceindialgaugeReading
(dh)andrepeatthestep7untilzeroreadingoccurindialgaugeandrebuiltthe
slipsrepeatedly.

9.Calculatetheactualangleoftaperpluggaugeusingactualslipheights.

Observations:

1.Leastcountofverniercalliper = mm

2.Leastcountofdialgauge = mm

3.Distancebetweenthecentreofrollers,L=200 mm

4.Lengthofspecimen(taperlength),l = mm

Calculations:

1) HeightforonesideoftheworkpieceH=--------------mm

2) Actualtaperangle,act=[sin-1(Hact)]/L

=__________Degrees

Results:

Theunknownangleofthegivenconicalspecimenwasdetectedandfoundtobe…………….

degree

Applications:

1.Inworkshops,assemblyshops,precisionmachining.

2.Checkingofexistingmachinecomponents.

3.Precisionmachininginaerospaceindustries&qualitycontroldepartments.

4.Theseareusedinsituationswhereitisdifficulttomountthecomponent
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onthesinebar.
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EXPERIMENTALSETUPFORTHESINEBAR

ConceptsandobjectivesoftheSinebarsasfollows:
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ExperimentNo.7B: Date:

MEASUREMENTOFTAPERANGLEUSINGSINEBAR

Aim:Todeterminethetaperangleofthegivenworkpieceusingsinebar.

Apparatus:Surfaceplate,sinebar,slipgaugesets,Verniercalliper,cleaningagent,tapered

workpiece,cleandrysoftcloth,clampingdevicesetc.

Theory:

Sinebarisaprecisioninstrumentusedalongwithslipgaugesforaccurateangle

measurementsoranglesetting.Sinebarconsistsofanaccuratestraightbarinwhichtwo

accuratelylappedcylindricalplugsorrollersarelocatedwithextremeposition.Thestraight

bararemadeofhighcarbon,highchromium,corrosionresistantsteelandthesurfacesare

hardened,groundedandlapped.Endsofthestraightbararesteppedsothattheplugscan

bescrewedateachstep.PlugsarethetworollersofsamediameterfixedatadistanceL

betweenthem andiscalledaslengthofthebar.ThisdistanceListhecentretocentre

distanceofplugsiswhichisgenerally100,200and300mm andsoon.

UseofSinebar:Theworkpiecewhoseangleistobemeasuredisplacedonsinebar.Below

onerollerofsinebar,slipgaugesareplaced.Slipgaugesareaddedtilltheworkpiece

surfaceisstraight.Dialindicatorismovedfrom oneendofworkpiecetillanotherend.Slip

gaugesareaddedtilldialpointerdoesnotmovefrom zeroposition.Theuseofsinebaris

basedonthelawsoftrigonometry.Whensinebarsetupismadeforthepurposeofangle

measurement,sinebaritselfformshypotenuseofrightangletriangleandslipgaugesform

thesideoppositetotherequiredangle.Sinθ=(h/L),Thereforeθ=sin-1(h/L),Angleθis

determinedbyanindirectmethodasafunctionofsinesothisdeviceiscalledassinebar.

Sine baris always used in conjunction with slip gauge and dialindicatorforthe

measurementofangle.

Theangleisdefinedastheopeningbetweenthetwolinesorplanes,whichmeetata

point.Soangleisathingwhichcanbegeneratedveryeasilyrequiringnoabsolutestandard.

Sinebarsareusedinjunctionwithslipgaugesconstituteaverygooddeviceforthe

precisionmeasurementofangles.Sincesinebarsareusedeithertomeasureanglevery

accuratelyorforlocatinganyworktoagivenanglewithinverycloselimit.Sinebarsareused

onlyformeasuringandsettinganyangleoftheobjecthavingflatsurface.Sinebarsarealsousedto

measureorsetangleoftheobjectnotlargerthanthe450,ifhigheraccuracyisdemanded.
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Procedure:

1.Setthesinebaronthesurfaceplate.

2.Measurethedistancebetweenrollersofcenterofsinebar.

3.Markthepositionoftherollersonthesurfaceplatewhichisadvantageifthe

positionofsinebarischanged.

4.Theaxiallengthoftaperundertestisnotedbyuseofverniercalliper.

5.Theworkpiecewhosetaperisrequiredtobeknownisfixedontheuppersurface

ofthesinebarbymeansofclampandsopositionedthateasilyaccesswhole

lengthofthetapertothedialgauge.

6.Thedialgaugeisfixedonitsstandwhichinterm isfixedonthesideway.

7.Notedowntheleastcountofthedialgaugeused.

8.Adjusttheslipgaugeheightonthetapertobemeasureinsuchawaythatit

easilytakessliponthesmallerendandnotedowndialgaugereadingattheentry

end.

9.Byslidingthedialgaugeacrosstheworkpiecelengthtakereadingofthedial

gaugeonotherend.

10.Calculateapproximateheightofslipgaugerequiredatsmallerdimensionendin

ordertobecomeanuppersurfaceoftheworkpieceparalleltothereference

plane.

11.Withoutalteringthepositionoftherollerplacetheslipgaugepileundertheroller

ofsmallsizeendofthesinebarsetuptoequalapproximateheight.

12.Thentestwithdialgaugefornulldeflection.Ifthereisanyslightdeflectionindial

gaugethenalterslipgaugespileuntilgettingnulldeflection.

13.Withthehelpofformulasgivenin,calculatetheactualangleandtheoretical

angleoftaperanderrorintaper.
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Observations:

1.Leastcountofverniercalliper= _mm

2.Leastcountofdialgauge = _mm

3.Distancebetweenthecentreofrollers&sidebarL=200mm

4.Lengthofspecimen(taperlength),l= mm

Calculations:

1) Heightforonesideoftheworkpiece H=--------------mm

2) Actualtaperangle,act=[sin-1(Hact)]/L=__________Degrees

Results:

Theunknownangleofthegivenconicalspecimenwasdetectedandfoundtobe…………….degree

Applications:

1.Tomeasureand/orsettheangleaccuratelyusingasinebar,themainrequirementis
thatitmustbeaccurate.

2.Tochecktheflatsurfacesinindustrymachinetoolslikelathebeds,millingmachines
columns,tables,apron&alsosaddleinlathe.

3.Rollingmillshousingcanbecheckedbysinebars.
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EXPERIMENTALSETUPFORBEVELPROTRACTOR
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ExperimentNo.7C: Date:

MEASUREMENTOFTAPERANGLEUSINGBEVEL

PROTRACTOR

Aim:TofindoutthetaperangleofgivenworkpiecebyusingBevelProtractor.

Apparatus:SurfacePlate,BevelProtractor,Taperedworkpiece.

Objectives:

Studentswillbeabletoknow

 Understanddifferentpartsofvernierbevelprotractor,

 Knowtheuseandworkingofbevelprotractor,

 Understandtheuseofvernierbevelprotractor.

Theory:

Mainpartsofbevelprotractorare

1.FixedBasebladeandacircularbodyisattachedtoit.

2.Adjustableblade.

3.Bladeclamp.

4.Scalemagnifierlens.

5.Acuteangleattachment.

Bevelprotractorisusedformeasuringandlyingoutofanglesaccuratelyandprecisely

within5minutes.Theprotractordialisslottedtoholdabladewhichcanberotatedwiththe

dialtotherequiredangleandalsoindependentlyadjustedtoanydesiredlength.Theblade

canbelockedinanyposition.

Itisthesimplestinstrumentformeasuringtheanglebetweentwofacesofcomponent.It

consistsofbaseplateattachedtothemainbodyandanadjustablebladewhichisattached

toacircularplatecontainingvernierscale.Theadjustablebladeiscapableofrotatingfreely

aboutthecentreofthemainscaleengravedonthebodyoftheinstrumentandcanbe

lockedintheanyposition.Itiscapableofmeasuringfrom zeroto3600.Thevernierscale

has24divisionscoincidingwith23mainscaledivisions.Thustheleastcountofthe

instrumentis 51.This instrumentis mostcommonlyused in work shop forangular
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measurements.
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Notethereading,magnifyinglenshasbeenprovidedforeasyreadingoftheinstrument.

Main scale is circularand is graduated in degrees on the circularbody.Main scale

graduationsareallaroundthecircularbodywhichisattachedtofixedbaseblade.Fixed

basebladealsocalledasstockisattachedtocircularbodyofbevelprotractorasshownin

figure.Oncethereadingisfixed,bladeclampfixesthereading.Bladesareabout150mm

longor300mm long,13mm wideand2mm thick.Itsendsarebeveledatanglesof45degree

and60degree.Vernierscaleisalsomarkedonturretwhichcanrotatealloverthefixedbody.

Adjustablebladecanpassthroughtheslotprovidedinturret.Soastheturretrotates,

adjustablebladealsorotatesfull360degrees.Thereare12graduationsofVernierscale

startingfrom 0to60oonbothsidesofzeroofVernierscaleasshowninfigure.

Procedure:

1.NotedowntheleastcountoftheBevelProtractor.

2.Keeptheworkpieceonthesurfaceplate.

3.FixtheslideofBevelProtractortotheTurret.

4.Keeponeofthesurfacesofthespecimenontheworkingedgeandrotate

theturret.Removetheslideontotheothersurface.

5.Fixthecentre,aftermatchingtheboththefacesandnotedownthereading.

6.Repeattheexperimentfordifferentfaces

Observations:

LeastcountoftheBevelProtractor minutes



Dept.OfMech,BGSIT,BGNagar-571448

MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

TabularColumn:

SLNo. Faces/Sides Angles

1

2

3

4

Applications:

1.Tomeasuretheacute&obtuseanglesincaseofflat&circularobjects

withlargeradius.

2.Inmachiningprocesseslikeproductionofflatsurfaces.

3.Forcheckingthe‗V‘block,itisused.

Results:

Byusingthebevelprotractor,thetaperangleofthegivenspecimeniscalculatedandthey
werefoundtobe

1)

2)

3)

4)

5)
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EXPERIMENTALSETUPFORAUTOCOLLIMATOR
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ExperimentNo.8: Date:

MEASUREMENTOFALIGNMENTUSING

AUTOCOLLIMATOR

Aim:TochecktheStraightness&flatnessofthegivencomponentbyusingAutocollimator.

Apparatus:Autocollimator,workpiece/objecttobetested.

Theory:

Definitionofstraightness-aplaneistobesaidstraightoveragivenlength.Ifthevariation

ordistanceofitspointfrom twoplanesperpendiculartoeachotherandparalleltothe

generationdirectionatofthelineremainwithinspecifiedtolerancelimits.Thereference

planesbeingsochosenthatthereintersectionisparalleltothestraightlinejoiningtwo

pointssuitablylocatedonthelinetobetestedandtwopointsbeingcloseendsofthelength

tobemeasured.

PrincipleoftheAutocollimator:Acrossline―target‖graticuleispositionedatthefocalplane
ofatelescopeobjectivesystem withtheintersectionofthecrosslineontheopticalaxis,i.e.
attheprincipalfocus.Whenthetargetgraticuleisilluminated,raysoflightdivergingfrom
theintersectionpointreachtheobjectiveviaabeam splitterandareprojected-from the
objectiveasparallelpencilsoflight.Inthismodetheopticalsystem isoperatingasa

―collimator‖.

Aflatreflectorplacedinfrontoftheobjectiveandexactlynormaltotheopticalaxisreflects
theparallelpencilsoflightbackalongtheiroriginalpaths.Theyarethenbroughttofocusin
theplaneofthetargetgraticuleandexactorcoincidentwithitsintersection.Aproportionof
thereturnedlightpassesstraightthroughthebeam splitterandthereturnimageofthe
targetcrosslineisthereforevisiblethroughtheeyepiece.Inthismode,theopticalsystem is
operatingasatelescopefocusedatinfinity.

Ifthereflectoristiltedthroughasmallanglethereflectedpencilsoflightwillbedeflectedby
twicetheangleoftilt(principleofreflection)&willbebroughttofocusintheplaneoftarget
graticulebutlinearlydisplacedfrom theactualtargetcrosslinesbyanamount2θ*f.

Anopticalsystem ofanautocollimatorconsistsofalightsource,condensers,semi-
reflectors,targetwire,collimatinglensandreflectorapartfrom microscope eyepiece.A
targetwiretakesplaceofthelightsourceintothefocalplaneofthecollimatorlenses.Both
thetargetwireandthereflectedimageareseenthroughamicroscopeeyepiece.The
eyepieceincorporatesascalegraduatedin0.05mm intervalandapairofparallelsetting
wireswhichcanbeadjusted.Movementsofwiresareeffectedthroughamicrometer,one
rotationofthedrum equalstoonescaledivisionmovementofthewires.Theinstrumentis
designedtoberotatedthrough90degreesaboutitslongitudinalaxissothattheanglesin
bothhorizontal&verticalplanesaremeasured.

Autocollimators:Itisaninstrumentdesignedtomeasuresmallangulardeflections
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&maybeusedinconjunctionwithaplanemirrororotherreflectingsurface.An

automatonisessentiallyaninfinitytelescope& acollimatorcombinedintoone

instrument.Thisisanopticalinstrumentusedforthemeasurementofsmallangular

differences.Forsmallangularmeasurements,autocollimatorprovides a very

sensitiveandaccurateapproach.Auto-collimatorisessentiallyaninfinitytelescope

and a collimatorcombined into one instrument.The principle on which this

instrumentworksisgivenbelow.Oisapointsourceoflightplacedattheprincipal

focusofacollimatinglens.Theraysoflightfrom Oincidentonthelenswillnow

travelasaparallelbeam oflight.Ifthisbeam nowstrikesaplanereflectorwhichis

normaltotheopticalaxis,itwillbereflectedbackalongitsownpathandrefocused

atthesamepointO.Iftheplanereflectorbenowtiltedthroughasmallangle0,then

parallelbeam willbedeflectedthroughtwicethisangle,andwillbebroughttofocus

atO‘inthesameplaneatadistancexfrom O.Obviously

OO‘=x=2θ.f,wherefisthefocallengthofthelens.

Procedure:

(1)Makethedistanceof100mm internalontheworkpiece.

(2)Setthecrosswiresothattwocrosswillcoincide.

(3)Setthemirrorsothatthecrosswirewillbevisible

(4)Movethereflectoronnext100mm markandadjustittoseereflectionofcrosswire.

(5)Takethereadingofreflectedcrosswiredeviatedormovedupordown.Measure

thedistancebetweentwocrosswire.

TabularColumn:

SL
No

Bridge

Length(Base

lengthofthe

reflector)

Cumulative

Bridgelength

(Positionof

thereflector)

Micrometer

finalreading

(Autocollimator
)

Difference

from

previous

Position

(Xin
seconds)

Deviationfor

each100mm

(Ѳindegrees)

1

2
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3

4

Calculation:

Tan=X/100

X=(100xTan)x1000inMicrons

WhereX=LevelatpositionBwithrespecttopositionA

=Angle/Deviationindegrees/Seconds(1Degree=60Minutes,1Minute=60Seconds).

Result:

Thevaluesareanalyzedandnecessarymodificationofthesurfacemayberecommended

basedontheaccuracyrequiredonflatness.Ifthevaluesobservedfrom themicrometerare

varyinglinearlythenstraightness/flatnesscanbejudged.

Applications:

1.Tofindthecontrolline&alignmentofcircular&flatsurfacesinmachining.

2.Alignmentofbeams&columnsinconstructionbuildings/industries,steel

structures.

3.Inmeasuringthestraightness,flatnessandparallelism,thesecanbeused.
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EXPERIMENTALSETUPFORLATHETOOLDYNAMOMETER

SPECIFICATIONS:

CAPACITY :X,Y,Z-Force500Kg

EXCITATION :10VDC

LINEARITY :2%

ACCURACY :2%

CROSS-SENSITIVITY :5%

MAX.OVERLOAD :150%
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ExperimentNo.9A: Date:

MEASUREMENTOFCUTTINGTOOLFORCESBYUSING

LATHETOOLDYNAMOMETER

Aim:TomeasurethecuttingtoolforcesbyusinglatheToolDynamometer.

Apparatus:Lathetooldynamometer,digitalforceindicator,workpieceofanymaterialand
lathemachinetool.

Applications:

1.Todeterminethecuttingforcesinallthedirectionsincuttingtools

mountedonamachinelikelathe,millingetc.

2.Inmetalformingoperations,liketofindouttheforcesonpunchpresstools.

Theory:Thedynamometersbeingcommonlyusednow-a-daysformeasuringmachining

forcesdesirablyaccuratelyandprecisely(bothstaticanddynamiccharacteristics)areeither

astraingaugetypeorapiezoelectrictype.Straingaugetypedynamometersareinexpensive

butlessaccurateandconsistent,whereas,thepiezoelectrictypearehighlyaccurate,reliable

andconsistent but very expensive for high material cost and stringent

construction.

Turning/LatheDynamometer:Turningdynamometersmaybestraingaugeorpiezoelectric

typeandmaybeofone,twoorthreedimensionscapabletomonitorallofPX,PYandPZ.

Foreaseofmanufactureandlowcost,straingaugetypeturningdynamometersarewidely

usedandpreferablyof2–D(dimension)forsimplerconstruction,lowercostandabilityto

provide almostallthe desired force values.Pictoriallyshows use of3 – D turning

dynamometerhavingpiezoelectrictransducersinside.

Procedure:LatheToolDynamometerisacuttingforcemeasuringinstrumentusedto
measurethecuttingforcescomingonthetooltipontheLatheMachine.Thesensoris
designedinsuchawaythatitcanberigidlymountedonthetoolpost,andthecuttingtool
canbefixedtothesensordirectly.Thisfeaturewillhelptomeasuretheforcesaccurately
withoutloseoftheforce.Thesensorismadeofsingleelementwiththreedifferentwheat
stonesstraingaugebridge.Provisionismadetofix1/2"sizeToolbitatthefrontsideofthe
sensor.Thetooltipofthetoolbitcanbegrindtoanyanglerequired.ForcesinX-Y-Z
directionswillbeshownindividually&simultaneouslyinthreedigitalIndicatorsSupplied
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TabularColumn:

Materialused: DepthofCut: mm

Sl.
No.

Depthofcutfeedin
mm

ForcesinKg-f

FX FY FZ

1

2

3

4

Result:

Theresultantforcesarefoundoutfordifferentspeeds(V)bylathetooldynamometer

1)Fx=……………..kgF

2)Fy=……………..kgF

3)Fz=………………kgF
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EXPERIMENTALSETUPFORDRILLTOOLDYNAMOMETER
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ExperimentNo.9B: Date:

MEASUREMENTOFTHRUSTFORCEANDTORQUEBY

USINGDRILLTOOLDYNAMOMETER

Aim:Measurementof―TorqueandThrust‖forcesbyusingDrillToolDynamometer.

Apparatus:Drilltooldynamometer,digitalforceindicator,workpieceofanymaterialand

drillingmachine. .

Theory:

DrilltoolDynamometermeasuresboththeThrustandTorqueforceofthedrillbitandthe

torqueproduced on theworkpiece.Itisused to establish drilling forces,studytool

configurationandlubricantcharacteristics.Thiscanbebolteddirectlyonthebedofthe

machineusingslotsprovided.Thespecimenisfixedusingaviceorfixture.

Thedrilltooldynamometerprovidedloadaswellastorqueoutput.Thesensingportionof

thedrilldynamometerisbondedwithtwosetsofstraingaugebridgesonetosensetheload

andtheothertosensethetorque.Twooutputsocketsareprovidedforboththeforces.

Theinstrumentcomprisesofadigitaldisplayscalibratedtoreadtwoforcesatatime.When

usedwiththetooldynamometerkeepingboththeforcessensingStrainGaugeBridge

energizedsimultaneously.Ithasbuiltinexcitationsupplywithindependentnullbalancing

forrespectivestraingaugebridgeindependentsignalprocessingsystem withdigitaldisplay

operatedon230V,S,.50c/sA.C.Mains.

SPECIFICATIONS:

Force :ThrustforceandTorque.

RangeofForce :200kg-fthrust20kg-m torque

BridgeResistance :350ohms

Bridgevoltage :12Voltsmaximum
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Procedure:

1.FixthedrillTooldynamometerontheworkplatform postusingslotprovidedon

thedynamometer.Ensurethattheobjectbeingdrilledismountedonthetop

centerofthedrilltooldynamometer.

2.Plugthepowercabletothe230V,50Hzmainssupply.

3.ConnecttheinputcabletotherespectivelythrustandTorqueaxistotheoutput

socketofthedynamometertheotherendtosensorsocketonthefrontpanelof

theinstrument.

4.PlacetheREAD-CALswitchatREADposition.

5.SwitchONtheinstrumentbyplacingthePOWER-ONswitchatONposition.

6.AdjusttheZEROpotentiometersuchthatthedisplayreadsZeroinboththedisplay.

7.PlacetheREAD-CALswitchtoCALpositionadjustCALpotentiometeruntilthe

displayreadstherangeofforce.Thisoperationhastobeconductedwhenthe

dynamometerdoesnothaveanyloadapplied.Thisoperationisconductedfor

bothforces.

8.TurnbacktheREAD–CALswitchtoREADposition.Nowtheinstrumentis

calibratedtoreadforcevaluesuptocalibratedcapacityofthedynamometerin

respectiveaxis.

TabularColumn Materialused:

Sl.
No.

Drillbitsize Depthofcut

inmm

Thrust

Forcein

Kg-f

DrillBit

Sizein

mm

1

2

3
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Results:

Thethrustforceandtorqueforceactingonworkpiecearedetectedandtheyarefoundtobe
…………….kgFnd…………….kgfrespectively

Applications:

1.Toestimatethetorquerequired&tool&thrustforcerequirementsindrilling

operations.

2.Inboringandtrepanningoperationstofindtorqueandthrustforce
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EXPERIMENTALSETUPFORTWOWIREMETHOD
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ExperimentNo.10: Date:

MEASUREMENTOFSCREW THREADPARAMETERSUSINGTWO

WIREMETHODBYFLOATINGCARRIAGEMICROMETER

Aim:TomeasurethescrewthreadparametersusingtwowiremethodbyFloatingcarriage

micrometer.

Apparatus:Micrometer,micrometerstand,asetoftwowires,pitchgaugeandScrewthread

specimen.
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ScrewThreadsTerminology:

1.Screw thread.A screw thread is the helicalridge produced by forming a

continuoushelicalgrooveofuniform sectionontheexternalorinternalsurfaceofa

cylinderor

cone.Ascrew threadformedonacylinderisknownasstraightorparallelscrew thread,

whiletheoneformedonaconeorfrustum ofaconeisknownastaperedscrewthread.

2.Externalthread.Athreadformedontheoutsideofaworkpieceiscalledexternal

threade.g.,onboltsorstudsetc.

3.Internalthread.Athreadformedontheinsideofaworkpieceiscalledinternalthread

e.g.onanutorfemalescrewgauge.

4.Multiple-startscrew thread.Thisisproducedbyformingtwoormorehelical

grooves,equallyspacedandsimilarlyformedinanaxialsectiononacylinder.This

givesa‗quicktraverse‘withoutsacrificingcorestrength.

5.Axisofathread.Thisisimaginarylinerunninglongitudinallythroughthecentreof

thescrew.

6.Hand(Rightorlefthandthreads).Supposeascrewisheldsuchthattheobserver

islookingalongtheaxis.Ifapointmovesalongthethreadinclockwisedirectionand

thusmovesawayfrom theobserver,thethreadisrighthand;andifitmovestowards

theobserver,thethreadislefthand.

7.Form,ofthread.Thisistheshapeofthecontourofone-completethreadasseen

inaxialsection.

8.Crestofthread.Thisisdefinedastheprominentpartofthread,whetheritis

externalorinternal.

9.Rootofthread.Thisisdefinedasthebottom ofthegroovebetweenthetwo

flanksofthethread,whetheritbeexternalorinternal.

10.Flanksofthread.Thesearestraightedgeswhichconnectthecrestwiththeroot.

11.Angleofthread{Includedangle).Thisistheanglebetweentheflanksorslopeof

thethreadmeasuredinanaxialplane.

12.Flankangle.Theflankanglesaretheanglesbetweenindividualflanksandthe

perpendiculartotheaxisofthethreadwhichpassesthroughthevertexofthe

fundamentaltriangle.Theflankangleofasymmetricalthreadiscommonlytermed

asthehalf-angleofthread.
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13.Pitch.Thepitchofathreadisthedistance,measuredparalleltotheaxisofthe

thread,betweencorrespondingpointsonadjacentthreadformsinthesameaxial

planeandonthesamesideofaxis.Thebasicpitchisequaltotheleaddividedbythe

numberofthreadstarts.Ondrawingsofthreadsections,thepitchisshownasthe

distancefrom thecentreofonethreadcresttothecentreofthenext,andthis

representationiscorrectforsinglestartaswellasmulti-startthreads.

14.Lead.Leadistheaxialdistancemovedbythethreadedpart,whenitisgivenone

completerevolution aboutitsaxiswith respectto afixed mating thread.Itis

necessarytodistinguishbetweenmeasurementsofleadfrom measurementofpitch,

asuniformityofpitchmeasurementdoesnotassureuniformityoflead.Variationsin

eitherleadorpitchcausethefunctionalorvirtualdiameterofthreadtodifferfrom

thepitchdiameter.

15.Threadperinch.Thisisthereciprocalofthepitchininches.

16.Leadangle.Onastraightthread,leadangleistheanglemadebythehelixofthe

thread atthepitchlinewithplaneperpendiculartotheaxis.Theangleismeasured

inanaxialplane.

17.Helixangle.Onstraightthread,thehelixangleistheanglemadebythehelixof

thethreadatthepitchlinewiththeaxis.Theangleismeasuredinanaxialplane.

18.Depthofthread.Thisisthedistancefrom thecrestortipofthethreadtotheroot

ofthethreadmeasuredperpendiculartothelongitudinalaxisorthiscouldbedefined

asthedistancemeasuredradiallybetweenthemajorandminorcylinders.

19.Axialthickness.Thisisthedistancebetweentheoppositefacesofthesame

threadmeasuredonthepitchcylinderinadirectionparalleltotheaxisofthread.

20.Fundamentaltriangle.Thisisfoundbyextendingtheflanksandjoiningthe

pointsBandC.ThusinFig.13.2,triangleABCisreferredtoasfundamentaltriangle.

Here BC=pitch and the verticalheightofthe triangle is called the angularor

theoreticaldepth.ThepointAistheapexofthetriangleABC.

21.Truncation.Athreadissometimestruncatedatthecrestorattherootoratboth

crestandroot.Thetruncationatthecrestistheradialdistancefrom thecresttothe

nearestapexofthefundamentaltriangle.Similarlythetruncationattherootisthe

radialdistancefrom theroottothenearestapex.

22.Addendum.Foranexternalthread,thisisdefinedastheradialdistancebetween
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themajorandpitchcylinders.Foraninternalthreadthisistheradialdistance

betweentheminorandpitchcylinders.

23.Dedendum.Thisistheradialdistancebetweenthepitchandminorcylinderfor

externalthread,andforinternalthread,thisistheradialdistancebetweenthemajor

andpitchcylinders.

24.Majordiameter.Incaseofastraightthread,thisisthediameterofthemajor

cylinder(imaginarycylinder,co-axialwiththescrew,whichjusttouchesthecrestsof

anexternalthreadortherootofaninternalthread).Itisoftenreferredtoasthe

outsidediameter,crestdiameterorfulldiameterofexternalthreads.

25.Minordiameter.Incaseofstraightthread,thisisthediameteroftheminor

cylinder(animaginarycylinder,co-axialwiththescrewwhichjusttouchestheroots

ofanexternalthreadorthecrestofaninternalthread).Itisoftenreferredtoasthe

rootdiameterorconediameterofexternalthreads.

26.Effectivediameterorpitchdiameter.Incaseofstraightthread,thisisthe

diameterofthepitchcylinder(theimaginary‘cylinderwhichisco-axialwiththeaxis

ofthescrew,andintersectstheflankofthethreadsinsuchawayastomakethe

widthofthreadsandwidthofthespacesbetweenthethreadsequal).Ifthepitch

cylinderbeimaginedasgeneratedbyastraightlineparalleltotheaxisofscrew,that

straightlineisthenreferredtoasthepitchline.Alongthepitchline,thewidthsofthe

threadsandthewidthsofthespacesareequalonaperfectthread.Thisisthemost

importantdimensionatitdecidesthequalityofthefitbetweenthescrewandthe

nut.

27.Functional(virtual)diameter.Foranexternalorinternalthread,thisisthepitch

diameteroftheenvelopingthreadofperfectpitch,leadandflankangleshavingfull

depthofengagementbutclearatcrestsandroots.Thisisdefinedoveraspecified

lengthofthread.Thismaybegreaterthanthesimpleeffectivediameterbyan

amountduetoerrorsinpitchandangleofthread.Thevirtualdiameterbeingthe

modifiedeffectivediameterbypitchesandangleerrors,isthemostimportantsingle

dimensionofascrewthreadgauge.Inthecaseoftaperscrewthread,theconeangle

oftaper,formeasurementofeffectivediameter,andwhetherpitchismeasured

alongtheaxisoralongthepitchconegeneratoralsoneedtobespecified.
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ApplicationsofMeasurementofscrewthreadparametersusingtwowiremethods

1.Byusingfloatingcarriagemicrometertheminor,majorandeffective

diametersaretobedetermined.

Measurementofscrewthreads-principlesoffloatingcarriagemicrometer

Itconsistsofthreemainunits.A basecastingcarriesapairofcentres,onwhichthe

threadedwork-pieceismounted.Anothercarriageismountedonitandisexactlyat90°toit.

Onthisisprovidedanothercarriagecapableofmovingtowardsthecentres.Onthiscarriage

oneheadhavingalargethimbleenablingreadingupto0.002mm isprovided.Justopposite
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toitisafixedanvilwhichisspringloadedanditszeropositionisindicatedbyafiducial

indicator.Thusthemicrometerelementsareexactlyperpendiculartotheaxisofthecenters

asthetwocarriagesarelocatedperpendiculartoeachother.Onthefixedcarriagethe

centersaresupportedin two brackets fittedoneitherend.Thedistancebetweenthetwo

centrescanbeadjusteddependinguponthelengthoftiethreadedjob.Afterjobisfitted

between the centres the second carriage is adjusted in correctposition to take

measurementsandislocatedinposition,thethirdcarriageisthenmovedtillthefiducial

indicatorisagainstthesetpoint.

Thereadingsarenotedfrom thethimblehead.Itisnowobviousthattheaxisoftheindicator

andmicrometerheadspindleissameandisperpendiculartothelineoftwocentres.The

indicatorisspeciallydesignedforthisclassofworkandhasonlyoneindexline,against

whichthepointerisalwaystobeset.Thisensuresconstantmeasuringpressureforall

readings.Sufficientfrictionisprovidedbytheconicalpegstorestrainthemovementof

carriagealongthelineofcentres.Theuppercarriageisfreetofloatonballsandenables

micrometerreadings to be taken on a diameterwithoutrestraint.Squareness ofthe

micrometertothelineofcentrecanbeadjustedbyrotatingthepegsinthefirstcarriage

whichismadeeccentricinitsmounting.Abovethemicrometercarriage,twosupportsare

providedforsupportingthewiresandVeepiecesformeasurementofeffectivediameteretc.

(i) MeasurementofMajorDiameter.

Forthemeasurementofmajordiameterofexternalthreads,agoodqualityhandmicrometer

isquitesuitable.Intakingreadings,alightpressuremustbeusedastheanvilsmakecontact

with the gauge atpoints onlyand otherwise the errors due to compression can be

introduced.Itis,however,alsodesirabletocheckthemicrometerreadingonacylindrical

standardofapproximatelythesamesize,sothatthezeroerroretc.,mightnotcomeinto

picture.Forgreateraccuracyandconvenience,themajordiameterismeasuredbybench

micrometer.ThisinstrumentwasdesignedbyN.P.L.toestimatesomedeficienciesinherent

inthenormalhandmicrometer.Itusesconstantmeasuringpressureandwiththismachine

the errordue to pitch errorin the micrometerthread is avoided.In orderthatall

measurementsbemadeatthesamepressure,afiducialindicatorisusedinplaceofthe

fixedanvil.Inthismachinethereisnoprovisionformountingtheworkpiecebetweenthe

centresanditistobeheldinhand.Thisisso,because,generallythecentersofthework

piecearenottruewithitsdiameter.Thismachineisusedasacomparatorinordertoavoid

anypitcherrorsofmicrometers,zeroerrorsettingetc.Acalibratedsettingcylinderisused

asthesettingstandard.Theadvantageofusingcylinderassettingstandardandnotslip

gaugesetc.,isthatitgivesgreatersimilarityofcontactattheanvils.Thediameterofthe

settingcylindermustbenearlysameasthemajordiameter.Thecylinderisheldandthe

readingofthemicrometerisnoteddown.Thisisthenreplacedbythreadedworkpieceand

againmicrometerreadingisnotedforthesamereadingoffiducialindicator.Thus,ifthesize

ofcylinderisapproaching,thatofmajordiameter,thenforagivenreadingthemicrometer

threadisusedoverashortlengthoftravelandanypitcherrorsitcontainsarevirtually

eliminated.

Thenmajordiameter=D1+(R2−R1).Inorder-todeterminetheamountoftaper,thereadings

should‘betakenatvariouspositionsalongthethreadandtodetecttheovality,twoorthree
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readingsmustbetakenatoneplaneinangularpositions.
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(ii)MeasurementofMinorDiameter

ThisisalsomeasuredbyacomparativeprocessusingsmallVee-pieceswhichmakecontact

witharootofthethread.TheVee-piecesareavailableinseveralsizeshavingsuitableradiiat

theedges.TheincludedangleofVee-piecesislessthantheangleofthethreadtobe

checkedsothatitcaneasilyprobetotherootofthethread.Tomeasuretheminordiameter

byVee-piecesissuitableforonlyWhitworthandB.A.threadswhichhaveadefiniteradiusat

therootofthethread.Forotherthreads,theminordiameterismeasuredbytheprojectoror

microscope.

Themeasurementiscarriedoutonafloatingcarriagediametermeasuringmachineinwhich

the threaded work-piece is mounted between centres and a bench micrometeris

constrainedtomoveatrightanglestotheaxisofthecentrebyaVee-ballslide.Themethod

oftheapplicationofVee-piecesinthemachineisshowndiagrammaticallyinFig.The

dimensionsofVee-piecesplaynoimportantfunctionastheyareinterposedbetweenthe

micrometer facesand the cylindricalstandard when standard reading istaken.Itis

importantwhiletakingreadings,toensurethatthemicrometerbelocatedatrightanglesto

theaxisofthescrew beingmeasured.TheselectedVeesareplacedoneachsideofthe

screwwiththeirbasesagainstthemicrometerfaces.Themicrometerheadisthenadvanced

untilthepointeroftheindicatorisoppositethezeromark,andnotebeingmadeofthe

reading.Thescrewisthenreplacedbystandardreferencediscoraplaincylindricalstandard

pluggaugeofapproximatelythecorediameterofthescrew tobemeasuredandsecond

readingofthemicrometeristaken.

IfreadingonsettingcylinderwithVee-piecesinposition=R1andreadingonthread=R2&

diameterofsettingcylinder=D1Thenminordiameter=D1+(R2—R1)

Readingsmaybetakenatvariouspositionsinordertodeterminethetaperandovality.

(iii)EffectiveDiameterMeasurements.

Theeffectivediameterorthepitchdiametercanbemeasuredby.anyoneofthefollowing

methods:

(i)Themicrometermethod

(ii)Theonewire,twowires,orthreewireorrodmethods.
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Theory:Effectivediameterofscrewthreadisthediameterofpitchcylinderwhichiscoaxial

withtheaxisofthescrewandintersectstheflangesofthethreadinsuchwayastomake

widthofthreadandthewidthofspacesbetweenthethreadsequal.Thisisthemost

importantdimensionasitdecidesthequalityofthefitbetweenscrew threadmicrometer

andtwoandthreewiremethod.

TwoWireMethod.

Theeffectivediameterofascrewthreadmaybeascertainedbyplacingtwowiresorrods

ofidenticaldiameterbetweentheflanksofthethread,asshowninFig.13.15,and

measuringthedistanceovertheoutsideofthesewires.TheeffectivediameterEIsthen

calculatedasE=T+P,WhereT=Dimensionunderthewires=M—2d,M=dimensionoverthe

wires,d=diameterofeachwire

Thewiresusedaremadeofhardenedsteeltosustainthewearandtearinuse.Theseare

givenahighdegreeofaccuracyandfinishbylappingtosuitdifferentpitches.DimensionT

canalsobedeterminedbyplacingwiresoverastandardcylinderofdiametergreaterthan

thediameterunderthewiresandnotingthereadingR1andthentakingreadingwithoverthe

gauge,sayR2.ThenT=S—(R1—R2).

P=Itisavaluewhichdependsuponthediameterofwireandpitchofthethread.

IfP=pitchofthethread,then

P=0.9605p−1.1657d(forWhitworththread).

P=0.866p—d(formetricthread).
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ActuallyPisaconstantValuewhichhastobeaddedtothediameterunderthewirestogive

theeffectivediameter.TheexpressionforthevalueofPintermsofp(pitch),d(diameterof

wire)andx(threadangle)canbederivedasfollows:

InFig.13.15(b),sinceBCliesontheeffectivediameterline

BC=½pitch=½p

OP=dcosecx/2∕2

PA=d

(cosecx∕2−1)∕2

PQ=QCcotx∕2=p∕4cotx∕2

AQ=PQ−AP=pcotx∕2∕4–d(cosecx∕2

−1)∕2AQishalfthevalueofP

.‘.Pvalue=2AQ=p∕2cotx∕2−d(cosecx∕2−1)

Twowiremethodcanbecarriedoutonlyonthediametermeasuringmachinedescribedfor

measuringtheminordiameter,becausealignmentisnotpossibleby2wiresandcanbe

providedonlybythefloatingcarriagemachine.Inthecaseofthreewiremethod,2wire,on

onesidehelpinaligningthemicrometersquaretothethreadwhilethethirdplacedonthe

othersidepermitstakingofreadings.

BestsizewireMethod:

Thiswireisofsuchdiameterthatitmakescontactwiththeflanksofthethreadonthe

effectivediameterorpitchline.Theeffectivediametercanbemeasuredwithanydiameter

wirewhichmakescontactonthetrueflankofthethread,butthevaluessoobtainedwill

differfrom thoseobtainedwith‗bestsize‘wiresifthereisanyerrorinangleorform of

thread.tisrecommendedthatformeasuringtheeffectivediameter,alwaysthebestsize

wireshouldbeusedandforthisconditionthewiretouchestheflankatmeandiameterlinewithin

±1/5offlanklength
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Procedure:

1.Fixthegivenscrewthreadspecimentothearrangementblock.

2.Measurethepitchofthegiventhreadusingpitchgaugesandalsonotedownthe

angleofthethreadbasedonMetricorWithWorth.

3.Measurethemaximum diameterofthescrewthreadusingmicrometer.

4.Calculatethebestwiretobeusedbyusingthegivenequation.

5.ConsidertheavailablewiresandfixthetwowirestooneendonmicrometerAnvil

andonewiretowardsanotheranvil.

6.Measurethedistanceoverthewireproperlybyusingmicrometer.

7.Calculatetheeffectivediameterofthescrewthread.

8.Findouttheerrorineffectivediameterofthescrewthread.

Observations:

1.LeastCountoftheMicrometer= mm.

2.Initialerrorinthemicrometer= mm.

3.Pitchofthethread p= mm.

4.Bestsizeofthewireusedd= mm.
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Calculation:

1)Majordiameter=D±(D-R₁)

D=Diameterofmasterspecimen=………………mm
R₁=MSR+((CHSD×LC)+(CVSD×LC))=……………….mm

2)Minordiameter=D±(Rp-R₃)
D=Diameterofmasterspecimen=………………mm
Rp=sizeoffirstprism +sizeofsecondprism +D
R₃=MSR+((CHSD×LC)+(CVSD×LC))=……………….mm

3)Effectivediameter=D±(Rw–P-R₂)
D=Diameterofmasterspecimen=………………mm
Rw=(2×sizeofwires)+D=……………………..mm
P=pitchvalueforthepitch1mm
R₂=MSR+((CHSD×LC)+(CVSD×LC))=……………….mm

Results:

Thegiventhreadedparametersaredetectedandtheyarefoundtobe

1.MajorDiameter = mm

2.MinorDiameter = mm

3.EffectiveDiameter= mm.
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EXPERIMENTALSETUPFORTALYSURF
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ExperimentNo.11: Date:

MEASUREMENTOFSURFACEROUGHNESS(TALYSURF)

Aim:Tomeasuresurfaceroughnessparameterusingsurfaceroughnessindicator.

Apparatus:Mitituyomakesurfaceroughnesstester,Calibratedspecimen,Surfaceplate,
Specimen

Procedure:

1.ConnectAcadoptertothemeasuringinstrument&Switchonthepowersupply

2.Attachthedrivedetectorunit&connecttoallthecableconnectionasshownwhen
mountingthedetectortothedriveunit,takecarenottoapplyexcessiveforcetothedrive
unit.

3.Adjustormodifythemeasurementconditionsuchassamplelength,numbersamples,
Standardrequiredforthemeasurement

4.Calibratetheinstrumentusingstandardcalibrationpiece

5.Carefullyplacethedetectorontheworkpiece.Careshouldbetakentoseethatwork
piece&detectorarealignedproperly

6.Pressthestartbuttontomeasuretheworkpiece&resultaredisplacedontheconsole

7.Pressprintbuttontotaketheprintout.

Applications:

1.Talysurfisthedynamicelectronicinstrumentusedonthefactoryflooras

wellasinthelaboratory.

2.Tofindoutthesurfaceroughnessofthemachines&components.

3.Tochecktheaccuracyofthecastiron,granitesusedinworkshopsfor

checkingthesurfacefinish&flatness.

Tabularcolumn:

Sl.no Λcin
mm

N
Numberof

intervals

Total
lengthin

mm

Ravalue Rzvalue Rqvalue

1

2

3

4
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Results:SurfaceroughnesscheckedfordifferentspecimensbyTallysurf.
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EXPERIMENTALSETUPFORGEARTOOTHMICROMETER

DIMENSIONSOFASPURGEAR
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ExperimentNo.12: Date:

MEASUREMENTOFGEARTOOTHPROFILEBYUSING

GEARTOOTHMICROMETER

Aim:Todeterminethetooththicknessandotherparametersofthegivenspecimenusing

geartoothverniercaliper

Apparatus:GearToothMicrometer,Spurgearpreferably50mm to75mm india.etc.

Theory:

ThemeasurementofelementofSpurgeardependonthegeometricalprincipleofthe

involutesgearthatthedistancebetweenparallellinesembracingseveralteethisconstant

andisequaltotheareonthebasecircleintersectedbytheextremepoints.

Theprinciplewillnaturallybestrictlytrueonlyforagear,whichisperfectontoothfrom,

pitchconcentricityetc.Thereforeselectprecisiongear,preferablygroundandknowntohave

onlysmallerrorsintheseelements.Inmeasurementsofgeartooththefollowingelements

arechecked.

Pitchcirclediameter:Itisthediameterofthepitchcircle.Whichbypurerollingactionwould

producethesamemotionasthetoothedgear? Thesizeofthegearusuallyspecified by

Pitchcirclediameter

Module:ItistheratioofthePitchcirclediameterinamillimetertothenumberofteethorit

isthelengthofthePitchcirclediameterpertooth.Itisusuallydenotedby‗m‘.

Addendum:Itistheradialdistanceofthetoothfrom thepitchcircletothetoportipofthe

tooth.

Dedendum:Itistheradialdistanceofthetoothfrom thepitchcircletothebottom ofthe

tooth.

Tooththickness:Itisthewidthofthetoothmeasuredalongthepitchcircle

Blankdiameter:Thisisthediameteroftheblankfrom whichgeariscut.
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Procedure:

1.Notedowntheleastcountofthegeartoothmicrometer

2.Measurethediameterofgearblankusingverniercalliperalsocountthenumber

ofteethonthegearblank.

3.Calculatetheaddendum ofthegeartoothandfixthesamedimensioningear

toothmicrometer

4.Measurethesameparametersfordifferentteeth.

5.Taketheaverageoftooththickness.

Observation:

Leastcountofthegeartoothmicrometer mm

Leastcountofvenirecaliper=______________mm

ErrorInthegeartoothmicrometer_______________mm

Calculations:

1)Pitchcirclediameter(D)=outsidedia.+insidedia.
2

2)No.teeth(Z)=…………..
3)Module(M)=D/2=…………………mm
4)Thicknessofteeth=Z×Msin(90/2)=……………….mm
5)Cordialaddendum =(Z×M)×(1+(Z/2)-cos(90/2))=……………mm

2

6)Heightofteeth=MSR+(CVSD×LC)–Error=…………………mm
7)Widthoftheteeth=MSR+(CVSD×LC)=……………mm

Rresult:
Thedifferentparametersofspurgearweredetectedandwerefoundtobe

1)Pitchcircledia=………………mm
2)No.ofteeth=…………………..
3)Module=……………..
4)Thicknessofteeth=…………..mm
5)Cordialaddendum =…………..mm
6)Heightofteeth=…………….mm
7)Widthofteeth=…………….mm
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Applications:

1.Geartoothvernierisaninstrument& isusedformeasuringpitchlinetooth

thickness.Butthisdoesnotgiveaveryaccurateresult,sobasetangentlength

methodhasbeenusedtoawaythatdifficultiesbymeasuringthespanofconvenient

numberofteethbetweenthe two parallelplanes,whicharetangentialto the

oppositetoothflanks.Thespanlengthisatangenttothebasecircle.Thisdistance

isknownasbasetangentlength.

2.Geartoothmicrometer

3.Infindingoutthedimensionsofthegears&gearterminologieslikepitchcircle,

addendum &deddundum etc.

4.Tofindouttheinvoluteprofilesofhypoidalgears,helical,bevel,warm &planetary
gears.
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EXPERIMENTALSETUPFORMICROMETERCALIBRATION
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ExperimentNo:13 Date:

CALIBRATIONOFMICROMETERUSINGSLIPGAUGES

Aim:Tocalibratethemicrometerforaprogressiveerrorandperiodicerrorusingslipgauges.

Apparatus:Micrometer,slipgauges,cottoncloth,benzeneorpetrol.

Objectives:
Studentswillbeabletoknow1.Toknowtheuseandworkingofslipgauges2.Toknowthe
classificationandworkingofslipgauges

Theory:Slipgaugesareendstandardsusedinlinearmeasurements.Theyareusedin
workshopforworkwhereatoleranceaslow as0.001mm isneeded.Slipgaugeswere
inventedbySwedishengineer,C.E.Johnson,sotheyarealsocalledJohnsongauges.Slip
gaugesarerectangularblocks,madeofhighgradesteel,havingcrosssectionabout30mm
X10mm.Theseblocksaremadeintorequiredsizesandhardenedtoresistwearandallowed
tostabilizesoastorelieveinternalstresses.Thispreventsoccurrenceofsizeandshape
variations.Afterhardeningtheblocks,measuringfacesarecarefullyfinishedtofinedegree
ofsurfacefinish,flatnessandaccuracy.Thishighgradesurfacefinishisobtainedbysuper
finishingprocessknownaslapping.

Wringingofslipgauges:

Themeasuringfaceofthegaugesisflatanditpossesseshighsurfacefinish.Iftwoslip
gaugesareforcedagainsteachotheronmeasuringfaces,becauseofcontactpressure,
gaugessticktogetherandconsiderableforceisrequiredtoseparatetheseblocks.Thisis
knownaswringing ofslip gauges.Thus,wringing refersto conditionofintimateand
completecontactandofpermanentadhesionbetweenmeasuringfaces.Slipgaugesare
wrungtobuilddesireddimension.Slipgaugesarewrungtogetherbyhandandnoother
externalmeans.Figureshows1)Parallelwringingofslipgaugesand2)Crosswringingof
slipgauges.
Incrosswringing–thetwoslipgaugesarefirstcleanedtoremovedirtandthentheyare
placedtogetheratrightanglesintheform ofcrossandthenrotatedthrough90o,while
being pressed together.This method causes less rubbing ofsurfaces.Almostany
dimensionmaybebuiltbysuitablecombinationofgauges.Wringingphenomenonispurely
duetosurfacecontactandmolecularadhesionofmetalofblocks.Hence,―wringingis
definedasthepropertyofmeasuringfacesofgaugeblocksofadhering,byslidingor
pressingthegaugeagainstmeasuringfacesofothergaugeblocksorreferencefacesor
datum surfaceswithouttheuseofexternalmeans.‖

Uses/Applicationsofslipgauges
1.asareferencestandard.
2.forverificationandcalibrationofmeasuringapparatus.
3.foradjustmentofindicatingdevices.
4.fordirectmeasurement.
5.forsettingofvarioustypesofcomparators.
6.Micrometersareusedtomeasurethesmallorfinemeasurementsoflength,
width,thicknessanddiameterofthejob.



Assistantprofessor:VinodKC,Dept.OfMech,BGSIT,BGNagar-571448

MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

Determiningthedimensionof29.758mm byM45slipgaugeset:
Rule1:-Minimum numberofslipgaugesshouldbeusedtobuilddimension.
Rule2:-Alwaysstartwiththelastdecimalplace.

Hencetobuildthedimensionof29.758weneedslipgaugesof20mm,6mm,1.7mm,
1.05mm and1.008mm.

Procedureofperformingexperiment:

(1)Cleanthefixedviceandmicrometer
(2)Clampthemicrometerinviceputtingcushioningmaterialbetweenmicrometer
andjawsofvicetoprotectthemicrometerfrom probabledamageduetoclamping
force.
(3)Makepileofgaugeblocksandinsertbetweentwoanvilsofthemicrometerand
takereading.
(4)Increasethevalueofgaugeblockspileandtakenextfewreadings.
(5)Thendecreasethevalueofgaugeblockspileandtakesamereadingsin
decreasingorder.
(6)Tabulatethereadings
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(7)Aftercleaningtheplacethegaugeblocksshouldbeplacedintheirrespective
places.
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PlottheGraphs:

(1)Slipgaugescombination–Micrometeraverage

(2)Slipgaugescombination–Error

(3)Micrometeraveragereading–correction

Result:

ThegivenmicrometerhasbeencalibratedusingM87slipgaugeset.



Assistantprofessor:VinodKC,Dept.OfMech,BGSIT,BGNagar-571448

MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

EXPERIMENTALSETUPFOROPTICALFLAT
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ExperimentNo14: Date:

MEASUREMENTSOFSURFACEFLATNESSBYUSING

MONOCHROMATICLIGHTSOURCE

Aim:Tomeasuretheflatnessofagivensurfacebyusingtheopticalflat.

Apparatus:Opticalflat,monochromaticlightsource,drysoftcloth,cleaningagent.

Theory:Lightbandreadingthroughanopticalflat,usingamonochromaticlightsource

representthemostaccuratemethodofcheckingsurfaceflatness.Themonochromaticlight

onwhichthediagrammaticinterpretationsoflightwavereadingsarebasedcomesfrom a

source,whicheliminatesallcoloursexceptyellowishcolour.Thedarkbandsviewedunder

theopticalflatarenotlightwaves.Theysimplyshow whereinterferenceisproducedby

reflectionsfrom twosurfaces.Thesedarkbandsareusedinmeasuringflatness.Theband

unitindicatestheleveloftheworkthathasrisenorfalleninrelationtotheopticalflat,

betweenthecentreofonedarkbandandthecenterofthenextdarkband.

Thebasisofcomparisonisthereflectedlinetangenttotheinterferencebandand

paralleltothelineofcontactofworkandtheopticalflat.Thenumberofbandsintersected

bythetangentlineindicatesthedegreeofvariationfrom thetrueflatnessovertheareaof

thepiece.Opticalflatsareusedtocheckflatnesswhensurfacetobetestedshineand

smoothi.e.Justlikeamirror.

Opticalflatsarecylindricalpiecemadeupofimportantmaterialssuchasquartz.

Specificationrangesfrom 25mm by38mm (diaxLength)to300mm by70mm.Working

surfacearefinishedbylappingandpolishingprocesswhereascylindricalsurfaceare

finishedbygrinding.

Procedure:

1.Cleanthesurfacetobetestedtobecomeshinyandwipeifwithdrycleancloth

2.Placetheopticalflatinbetweenflatnessofworkpiecetobetestedand

monochromaticSourcesoflighti.e.ontheworkpiece.

3.Bothpartsandflatmustbeabsolutelycleananddry.

4.Afterplacingopticalflatoverworkpieceswitchonthemonochromaticsourceof

lightandWaituntilgettingyellowishororangecolour.
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5.Applyslightpressureoveropticalandadjustuntilgettingsteadyband

approximatelyparalleltothemainedges.

6.Countthenumberoffringesobtainedontheflatwiththehelpofnakedeyeand

calculatestheflatnesserror

Observations:

1.Monochromaticyellowlightsourceisusedforconductingthisexperiment.

2.WavelengthofMonochromaticsourceoflight.

/2= mm. Where=0.0002974mm

TabularColumn:

SLNo. Typeof

optical

flats

No.of

fringes

observed

‗N‘

Flatnes

s

error

Remarkontypeof

surfacewith

sketch

1 Straight

(Slip
gauge)

2
Concave

3
Convex

.

Calculations:

Flatnesserror=Nx/2

Results:

Flatnessofagivensurfacebyusingtheopticalflatsareobserved

Applications:

1.Opticalflatsareusedfortestingthemeasuringsurfacesofinstruments

like micrometers,measuring anvils & similarotherdevices fortheir

flatness&parallelism.

2.Theseareusedtocalibratethestandardgauges,likeslipgauges,angle

gauges&secondarygaugesintheworkshops.



Assistantprofessor:VinodKC,Dept.OfMech,BGSIT,BGNagar-571448

MechanicalMeasurements&MetrologyLaboratory(18MEL47A)

3.Inmeasuringthecurvatureslikeconvexandconcaveforsurfacesofthe

standardgauges.
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VIVAQUESTIONSWITHANSWERS

1.Whatismetrology?

Metrologyisthescienceofmeasurement.Metrology includesalltheoreticaland

practicalaspectsofmeasurement.Metrologyistheprocessofmakingextremely

precisemeasurementsoftherelativepositionsandorientationsofdifferentoptical

and mechanicalcomponents.Metrology is concerned with the establishment,

reproduction,conservationandtransferofunitsofmeasurement&theirstandards.

2. Whataretheobjectivesofmetrology?

 Toprovideaccuracyatminimum cost.

 Thoroughevaluationofnewlydevelopedproducts,andtoensure
thatcomponentsarewithinthespecifieddimensions.

 Todeterminetheprocesspabilities.
 Toassessthemeasuringinstrumentcapabilitiesandensurethattheyare

adequatefortheirspecificmeasurements.
 Toreducethecostofinspection&rejectionsandrework.
 Tostandardizemeasuringmethods.
 Tomaintaintheaccuracyofmeasurementsthroughperiodicalcalibrationof

theinstruments.
 Topreparedesignsforgaugesandspecialinspectionfixtures

3.Whatiscalibration?

Calibrationisthecomparingofanunknownmeasurementdeviceagainstequalor

betterknownstandardunderspecifiedconditions.Everymeasuringsystem mustbe

provable.Theprocedureadoptedtoprovetheabilityofameasuringsystem to

measurereliablyiscalled‘calibration’.

4.Givetheimportanceofcalibration.
 Assuranceofaccurateofmeasurements
 Abilitytotracemeasurementstointernationalstandards
 Internationalacceptanceoftest/calibrationreports
 Consumerprotection(legalmetrology)
 Correctdiagnosisofillness(medicalreports)
 MeetingtherequirementsofISO9000&17025

5.Whatisaloadcell?

ALoadcellisatransducerthatisusedtoconvertaforceintoanelectricalsignal.

This conversion isindirectand happensin two stages.Through a mechanical

arrangement,theforcebeingsenseddeformsastraingauge.Thestraingauge

measuresthedeformation(strain)asanelectricalsignal,becausethestrainchanges

theeffectiveelectricalresistanceofthewire.

6.Listthevariouslinearmeasuringinstruments.

a)Scale b)VernierCalipers c)HeightGauge d)Micrometeretc.
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7.Defineanerror.

Errormaybedefinedasthedifferencebetweenthebestmeasuredorindicatedvalue

andthetrueoractualvalue.Nomeasurementcanbemadewithouterrorsatall

timesi.e.100%accuratemeasurementscannotbemadeatallthetimes.Classified

indifferentways,theyare:Systematicerror,Random errorsandillegitimateerrors.

8.DefineStandardwithanexample.

“Somethingthatissetup&establishedbyanauthorityasaruleofthemeasureof

thequantity,weight,extent,valueorquality”Ex:Ameterisastandardestablishedby

aninternationalorganizationforthemeasureoflength.

9.Definemeasurements.Mentiondifferentmethodsofmeasurements.

Measurementisaprocessoranactofcomparingaquantitativelyanunknown

magnitudewithapredefinedstandard.ForExample,considerthemeasurementofa

lengthofabar.Wemadeuseofascale/steelrule(i.e.astandard).Itisacollection

ofquantitativedata.Ameasurementisaprocessofcomparingaquantitywitha

standardunit.Sincethiscomparisoncannotbeperfect,measurementsinherently

includeerror.Therearetwomethodsofmeasurement:1)directcomparisonwith

primaryorsecondarystandard&2)indirectcomparisonthroughtheuseofcalibrated

system.

10.WhatisL.V.D.T?Whatisitsapplication?

Thelinearvariabledifferentialtransformer(LVDT)(alsocalledjustadifferential

transformer)isatypeofelectromechanicaltransformerused to convertlinear

displacementintoelectricalsignal.AlthoughtheLVDTisadisplacementsensor,

manyotherphysicalquantitiescanbesensedbyconvertingdisplacementtothe

desiredquantityviathoughtfularrangements.

11.ExplaintheprincipleofworkingofaL.V.D.T

TheLVDTconvertsapositionorlineardisplacementfrom amechanicalreference

(zero,ornullposition)intoaproportionalelectricalsignalcontainingphase(for

direction)andamplitude(fordistance)information.

12.WhatisPrecision?

Precisionofaninstrumentindicatesitsabilitytoreproduceacertainreadingwitha

givenaccuracy.Itisthedegreeofagreementbetweenrepeatedresults.

13.Definesensitivity.

Sensitivityistheratioofthemagnitudeoftheoutputquantity(response)tothe

magnitudeofinputquantity.Ex:1mV recordermighthavea10cm scale.Its

sensitivitywouldbea10cm/mV.Assuming thatmeasurementislinearallacross

thescale.

14.DefineLinearity.

Ameasuringsystem issaidtobealineariftheoutputislinearlyproportionaltothe
input.

15.DefineRepeatability.

Repeatabilityisdefinedastheabilityofameasuringsystem toreproduceoutput
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readings when the same inputis applied to itconsecutivelyunderthe same

conditions&inthesamedirections.
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16.DefineHysteresis.

Aninstrumentissaidtoexhibithysteresiswhenthereisadifferenceinreadings

dependingonwhetherthevalueofthemeasuredquantityisapproachedfrom higher

valueorfrom alowervalue.Hysteresisisaphenomenonwhichdepictsdifferent

outputeffectswhenloadingandunloading.

17.DefineResolutionorDiscrimination.

Resolutionisdefinedasthesmallestincrementofinputsignalthatameasuring

system iscapableofdisplayingorMeasurementresolutionwhichisthesmallest

change in the underlying physicalquantity thatproduces a response in the

measurement.

18.DefineAccuracy.

Accuracyofaninstrumentindicatesthedeviationofthereadingfrom aknowninput.

19.Defineleastcount.

Itisthesmallestdifferencebetweentwoindicationsthatcanbedetectedonthe

instrumentscale.

20.DefineReadability&Threshold.

Readabilityindicatestheclosenesswithwhichthescaleoftheinstrumentmaybe

read.Ex:aninstrumentwith30cm scalehasahigherreadabilitythanthatofa15cm

scale.Threshold:Iftheinstrumentinputisincreasedverygraduallyfrom zero,there

willbesomeminimum valueofinputbelowwhichnooutputchangecanbedetected.

Thisminimum valuedefinesthethresholdoftheinstrument.

21.Definesystem response.

System response:Responseofasystem maybedefinedastheabilityofthesystem

totransmit&presentalltherelevantinformationcontainedintheinputsignal&to

excludeallothers.Iftheoutputisfaithfultoinput,i.e.theoutputsignalshavethe

samephaserelationshipsasthatofinputsignal,thesystem issaidtohavegood

System response.If thereisalagordelayinoutputsignalwhichmaybedueto

naturalinertiaofthesystem,itisknownas‘measurementlag’.“Risetime”isdefined

asthetimetakenforsystem tochangefrom 5% to95% ofitsfinalvalue.Itis

measureofthespeedofresponseofameasuringsystem andashortrisetimeis

desirable.

22.DefineDiscrepancy.
The difference between two indicated values orresults determined from a

Supposedlyfixedtimevalue.

23.Truevalue(vt)orActualvalue(va)

Itistheactualmagnitudeoftheinputsignaltoameasuringsystem whichmaybe

approximatedbutnevertrulybedetermined.

24.Indicatedvalue(vi)orMeasuredvalue(vm)
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Themagnitudeoftheinputsignalindicatedbyameasuringinstrumentisknownasa

indicatedvalue.
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25.Definemeasure.

Itmeans,todeterminethedimension,quantityorcapacityofsomething.

26.Defineresult.

Itisobtainedbymakingallknowncorrectionstotheindicatedvalue.

27.Givetherelationshipamongthedifferenttypesofpressuresanditsdefinitions.

AtmosphericPressureItisthepressureexertedbytheearth’satmosphereandis

usuallymeasuredbyabarometer.Atsealevel.Itsvalueiscloseto1.013x105N/m2

absoluteanddecreaseswithaltitude.GagePressureItrepresentsthedifference

betweentheabsolutepressureandthelocalatmospherepressureVacuum Itisan

absolutepressurelesstheatmosphericpressurei.e.anegativegagepressure.

StaticandDynamicpressures

Ifafluidisinequilibrium,thepressureatapointisidenticalinalldirectionsand

independentoforientationisreferredaspressure.Indynamicpressure,thereexists

apressuregradientwithinthesystem.Torestoreequilibrium,thefluidflowsfrom

regionsofhigherpressuretregionsoflowerpressure.Pressureistheforceperunit

area.Gaugepressure:Itisthesystem pressurewhichismeasuredwiththepressure

gauge,adevicetomeasurethepressure.Atmospherepressure:Itisthepressure

exertedbytheairmoleculesontheobject.Thisatmosphericpressureismeasured

withthehelpofBarometer.AbsolutePressure:Itisthepressuremeasuredwith

referencetotheZeropressureorperfectvacuum.Itrepresentsthesummationof

atmospheric pressure and gauge pressure.Hence,Absolute pressure = Gauge

pressure+Atmosphericpressure

28.Howdoyoudefineyard?

Yardisdefinedasdistancebetweenthetwocentraltraverselinesofthegoldplug

whenthetemperatureofthebarisat62ºF(ImperialStandardyard).
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29.Whatisthermocouple?Wherearetheyused?

Iftwodissimilarmetalsarejoined,anemfexistswhichisafunctionofseveral

factorsincludingthetemperature.Whenjunctionsofthistypeareusedtomeasure

temperature,theyarecalledasthermocouples.

30.Whatareslipgauges?

Slipgaugesaveryaccuratelygroundblockofhardenedsteelusedtomeasureagap

withcloseaccuracy:usedmainlyintool-makingandinspection.

31.WhatisTolerance?

Itisthedifferencebetweentheupperlimitandthelowerlimitofadimension.Itis

impossibletomakeanythingtoanexactsize,thereforeitisessentialtoallow a

definitetolerance.Itisalsothemaximum permissiblevariationoneveryspecified

dimension.

32.WhatareLimits?
Themaximum andminimum permissiblesizeswithinwhichtheactual

sizeofaComponentliesarecalledLimits.

33.Definefits.
The relationship existing between two parts,shaftand hole,which are to be

assembled,withrespecttothedifferenceintheirsizesiscalledfit.

34.WhatisRange?

Rangerepresentsthehighestpossiblevaluethatcanbemeasuredbyaninstrumentor

Rangeisthedifferencebetweenthelargest&thesmallestresultsofmeasurement.

35.Whatisloadingeffect?

Loading effect:The presence ofa measuring instrumentin a medium to be

measuredwillalwaysleadtoextractionofsomeenergyfrom themedium,thus

makingperfectmeasurementstheoreticallyimpossible.Thiseffectisknownas

‘loadingeffect’whichmustbekeptassmallaspossibleforbettermeasurements.

Forex,inelectricalmeasuring systems,thedetectorstagereceivesenergyfrom the

signalsource,whiletheintermediatemodifyingdevicesandoutputindicatorsreceive

energyfrom auxiliarysource.Theloadingeffectsareduetoimpedancesofvarious

elementsconnectedinasystem.

36.Whatiscomparator?

Comparatorisaprecisioninstrumentusedforcomparingdimensionsofapartunder

testwiththeworkingstandards.Itisanindirecttypeofinstrumentandusedfor

linearmeasurement.If thedimensionislessorgreaterthanthestandard,thenthe

differencewillbeshownonthedial.Itgivesonlythedifferencebetweenactualand

standarddimensionoftheworkpiece.

37.Namethedifferenttypesofcomparator?
MechanicalComparator,Pneumatic Comparator,OpticalComparator,Electrical

Comparator,Electronic ComparatorandCombinedComparator(ex:mechanical
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–opticalcomparator).
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38.Whatareadvantagesanddisadvantagesofmechanicalcomparator?

AdvantagesofMechanicalComparator

1.Theydonotrequireanyexternalsourceofenergy.

2.Thesearecheaperandportable.

3.Theseareofrobustconstructionandcompactdesign.

4.Thesimplelinearscalesareeasytoread.

5.Theseareunaffectedbyvariationsduetoexternalsourceofenergysuchair,

electricityetc.

Disadvantages

1.Rangeislimitedasthepointermovesoverafixedscale.

2.Pointerscalesystem usedcancauseparallaxerror.

3.Therearenumberofmovingpartswhichcreateproblemsduetofriction,and

ultimatelytheaccuracyisless.

4.Theinstrumentmaybecomesensitivetovibrationduetohighinertia.

39.Whatisasinebar?

Sinebarisahighprecision&mostaccurateanglemeasuringinstrument.Itisused

formeasurementofanangleofagivenjoborforsettinganangle.Theyare

hardenedandprecisiongroundtoolsforaccurateanglesetting.Itcanbeusedin

conjunctionwithsetofanglegaugesanddialgaugeformeasurementofanglesand

tapersfrom horizontalsurface.

40.Whatisasinecenter?

Theseareusedinsituationswhereitisdifficulttomountthecomponentonthe

sinebar.Itisbasicallyusedforconicalworkpieces.Itistheextensionofsinebars

wheretwoendsareprovidedonwhichcenterscanbeClamped.Theseareuseful

fortestingofconicalworkcenteredateachend,upto60°.


