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TECHNICALTERMS 

 

 
 Measurement 

Measurementistheact,ortheresult,ofaquantitativecomparisonbetweena 

predetermined standard and an unknownmagnitude. 

 

 Range 

It represents the highest possible value that can be measured by aninstrument. 
 

 

 Scalesensitivity 

It is defined as the ratio of a change in scale reading to the correspondingchange 

inpointerdeflection.Itactuallydenotesthesmallestchangeinthemeasuredvariableto which an 

instrumentresponds. 

 

 True or actualvalue 

It is the actual magnitude of a signal input to a measuring system which canonly 

be approached and neverevaluated. 

 

 Accuracy 

It is defined as the closeness with which the reading approaches anaccepted 

standard value or truevalue. 

 

 Precision 

It is the degree of reproducibility among several independent measurements ofthe 

sametruevalueunderspecifiedconditions.Itisusuallyexpressedintermsofdeviation 

inmeasurement. 

 

 Repeatability 
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Itisdefinedastheclosenessofagreementamongthenumberofconsecutive 

measurement of the output for the same value of input under the sameoperating 

conditions. It may be specified in terms of units for a given period oftime. 

 

 

 

 Reliability 

It is the ability of a system to perform and maintain its function inroutine 

circumstances. Consistency of a set of measurements or measuring instrument oftenused 

to describe atest. 

 

 SystematicErrors 

Aconstantuniformdeviationoftheoperationofaninstrumentisknownas systematic 

error. Instrumentational error, environmental error, Systematic errorand observation error 

are systematicerrors. 

 

 RandomErrors 

Some errors result through the systematic and instrument errors are reduced orat 

leastaccountedfor.Thecausesofsucherrorsareunknownandhence,theerrorsare called 

randomerrors. 

 

 Calibration 

Calibration is the process of determining and adjusting an instruments accuracy 

to make sure its accuracy is within the manufacturer’sspecifications. 
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1.1 GENERALCONCEPT 

 

 

1.1.1 Introduction toMetrology 

MetrologywordisderivedfromtwoGreekwordssuchasmetrowhichmeans 

measurement and logy which means science. Metrology is the science ofprecision 

measurement.Theengineercansayitisthescienceofmeasurementoflengthsand 

anglesandallrelatedquantitieslikewidth,depth,diameterandstraightnesswithhigh accuracy. 

Metrology demands pure knowledge of certain basic mathematical and physical 

principles. The development of the industry largely depends on theengineering 

metrology. Metrology is concerned with the establishment, reproduction and 

conservation and transfer of units of measurements and their standards.  Irrespectiveof 

the branch of engineering, all engineers should know about various instrumentsand 

techniques. 

 

1.1.2 Introduction toMeasurement 

Measurement is defined as the process of numerical evaluation of a dimensionor 

the process of comparison with standard measuring instruments. The elementsof 

measuring system include the instrumentation, calibration standards,environmental 

influence,humanoperatorlimitationsandfeaturesofthework-piece.Thebasicaimof 

measurement in industries is to check whether a component has been manufactured tothe 

requirement of a specification ornot. 

 

1.1.3 Types of Metrology 

 LegalMetrology 

'Legal metrology' is that part of metrology which treats units ofmeasurements, 

methods of measurements and the measuring instruments, in relation to the technicaland 

legal requirements. The activities of the service of 'Legal Metrology'are: 

(i) Control of measuringinstruments; 
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(ii) Testing of prototypes/models of measuringinstruments; 

(iii) Examination of a measuring instrument to verify its conformity to thestatutory 

requirementsetc. 

 

 Dynamic Metrology 

'Dynamic metrology' is the technique of measuring small variations ofa 

continuousnature.Thetechniquehasprovedveryvaluable,andarecordofcontinuous 

measurement, over a surface, for instance, has obvious advantages overindividual 

measurements of an isolatedcharacter. 

 

 Deterministic metrology 

Deterministic metrology is a new philosophy in which part measurementis 

replaced by process measurement. The new techniques such as 3D error compensationby 

CNC (Computer Numerical Control) systems and expert systems are applied, leadingto 

fully adaptive control. This technology is used for very high precisionmanufacturing 

machinery and control systems to achieve micro technology andnanotechnology 

accuracies. 

 

1.2 OBJECTIVES OFMETROLOGY 

Although the basic objective of a measurement is to provide therequiredaccuracy 

ataminimumcost,metrologyhasfurtherobjectivesinamodernengineeringplantwith different 

shapes whichare: 

1. Complete evaluation of newly developedproducts. 

2. Determinationoftheprocesscapabilitiesandensurethatthesearebetterthan the 

relevant componenttolerances. 

3. Determination of the measuring instrument capabilities andensure that theyare 

quite sufficient for their respectivemeasurements. 

4. Minimizingthecostofinspectionbyeffectiveandefficientuseofavailable facilities. 
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5. Reducing the cost of rejects and rework through application ofStatistical 

Quality ControlTechniques. 

6. To standardize the measuringmethods 

7. To maintain the accuracies ofmeasurement. 

8. To prepare designs for all gauges and special inspectionfixtures. 

 

 

 

 

 

1.2.1 Necessity and Importance ofMetrology 

 

 

1. The importance of the science of measurement as a tool for scientificresearch 

(by which accurate and reliable information can be obtained) was emphasized byGa1ileo 

andGvethe.Thisisessentialforsolvingalmostalltechnicalproblemsinthefieldof engineering 

in general, and in production engineering and experimental designin 

particular.Thedesignengineershouldnotonlycheckhisdesignfromthepointofview of 

strength or economical production, but he should also keep in mind howthe dimensions 

specified can be checked or measured. Unfortunately, a considerableamount of 

engineering work is still being executed without realizing the importance ofinspection 

andqualitycontrolforimprovingthefunctionofproductandachievingtheeconomical 

production. 

 

2. Higherproductivityandaccuracyiscalledforbythepresentmanufacturing 

techniques. This cannot be achieved unless the science of metrology isunderstood, 

introduced and applied in industries. Improving the quality of productionnecessitates 

proportionalimprovementofthemeasuringaccuracy,andmarkingoutofcomponents before 

machining and the in-process and post process control of the dimensionaland 

geometricalaccuraciesoftheproduct.Propergaugesshouldbedesignedandusedfor 

rapidandeffectiveinspection.Alsoautomationandautomaticcontrol,whicharethe modem 

trends for future developments, are based on measurement. Means forautomatic 
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gaugingaswellasforpositionanddisplacementmeasurementwithfeedbackcontrol have to 

beprovided. 

 

1.3 METHODS OFMEASUREMENTS 

 

 

These are the methods of comparison used in measurement process. Inprecision 

measurement various methods of measurement are adopted depending upon theaccuracy 

required and the amount of permissibleerror. 

The methods of measurement can be classifiedas: 

l. Directmethod 

2. Indirectmethod 

3. Absolute or Fundamentalmethod 

4. Comparativemethod 

5. Transpositionmethod 

6. Coincidencemethod 

7. Deflectionmethod 

8. Complementarymethod 

9. Contactmethod 

10. Contact lessmethod 

 

 

1. Direct method ofmeasurement: 

This is a simple method of measurement, in which the value of the quantity tobe 

measuredisobtaineddirectlywithoutanycalculations.Forexample,measurementsby 

usingscales,verniercallipers,micrometers,bevelprotectoretc.Thismethodismost widely 

used in production. This method is not very accurate because it depends onhuman 

insensitiveness in makingjudgment. 

 

2. Indirect method ofmeasurement: 
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In indirect method the value of quantity to be measured is obtained bymeasuring 

other quantities which are functionally related to the required value. E.g.Angle 

measurement by sine bar, measurement of screw pitch diameter by three wire methodetc. 

 

3. Absolute or Fundamentalmethod: 

Itisbasedonthemeasurementofthebasequantitiesusedtodefinethequantity. For 

example, measuring a quantity directly in accordance with the definition ofthat quantity, 

or measuring a quantity indirectly by direct measurement of  thequantities linked with the 

definition of the quantity to bemeasured. 

 

4. Comparative method: 

In this method the value of the quantity to be measured is compared withknown 

valueofthesamequantityorotherquantitypracticallyrelatedtoit.So,inthismethod 

onlythedeviationsfromamastergaugearedetermined,e.g.,dialindicators,orother 

comparators. 

5. Transposition method: 

Itisamethodofmeasurementbydirectcomparisoninwhichthevalueofthe quantity 

measured is first balanced by an initial known value A of the same quantity,and then the 

value of the quantity measured is put in place of this known value  andis balanced again 

by another known value B. If the position of the elementindicating equilibrium is the 

same in both cases, the value of the quantity to be measured is AB.For 

example,determinationofamassbymeansofabalanceandknownweights,usingthe Gauss 

doubleweighing. 

6. Coincidence method: 

 

It is a differential method of measurement in which a very smalldifference 

betweenthevalueofthequantitytobemeasuredandthereferenceisdeterminedbythe 

observation of the coincidence of certain lines or signals. For example, measurementby 
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vernier callipermicrometer. 

 

7. Deflectionmethod: 

Inthismethodthevalueofthequantitytobemeasuredisdirectlyindicatedbya deflection 

of a pointer on a calibratedscale. 

 

8. Complementarymethod: 

In this method the value of the quantity to be measured is combined with aknown 

valueofthesamequantity.Thecombinationissoadjustedthatthesumofthesetwo 

valuesisequaltopredeterminedcomparisonvalue.Forexample,determinationofthe volume of 

a solid by liquiddisplacement. 

 

9. Method of measurement by substitution: 

It is a method of direct comparison in which the value of a quantity tobe 

measuredisreplacedbyaknownvalueofthesamequantity,soselectedthattheeffects produced 

in the indicating device by these two values are thesame. 

 

10. Method of null measurement: 

It is a method of differential measurement. In this method the difference between 

thevalueofthequantitytobemeasuredandtheknownvalueofthesamequantitywith which it is 

compared is brought tozero. 

1.4 GENERALIZED MEASUREMENT SYSTEM 

 

 

A measuring system exists to provide information about the physical valueof 

somevariablebeingmeasured.Insimplecases,thesystemcanconsistofonlyasingle 

unitthatgivesanoutputreadingorsignalaccordingtothemagnitudeoftheunknown 
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variable applied to it. However, in more complex measurement situations, ameasuring 

system consists of several separate elements as shown inFigure1.1. 

 

 

1.4.1 Units  

 
Table 1.1 Physical Quantities and itsunit 
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1.4.2 Standards 

 

The term standard is used to denote universally accepted specificationsfor 

devices. Components or processes which ensure conformity andinterchangeability 

throughout a particular industry. A standard provides a reference for assigninga 

numericalvaluetoameasuredquantity.Eachbasicmeasurablequantityhasassociated with it 

an ultimate standard. Working standards, those used in conjunction withthe various 

measurement makinginstruments. 

 

The national institute of standards and technology (NIST) formerlycalled 

NationalBureauofStandards(NBS),itwasestablishedbyanactofcongressin1901, and the 

need for such body had been noted by the founders of the constitution. In orderto 

maintainaccuracy,standardsinavastindustrialcomplexmustbetraceabletoasingle source, 

which may be nationalstandards. 

 

The following is the generalization of echelons of standards in thenational 

measurementsystem. 

1. Calibrationstandards 

2. Metrologystandards 

3. Nationalstandards 

 

 

1. Calibration standards: Working standards of industrial orgovernmental 

laboratories. 

2. Metrology standards: Reference standards of industrial orGovernmental 

laboratories. 

3. National standards: It includes prototype and natural phenomenon ofSI (Systems 

International), the world wide system of weight and measuresstandards. 

Application of precise measurement has increased so much, that a singlenational 

laboratory to perform directly all the calibrations and standardization requiredby 
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a large country with high technical development. It has led to the establishmentof 

a considerable number of standardizing laboratories in industry and invarious 

otherareas.Astandardprovidesareferenceordatumforassigninganumerical value to a 

measuredquantity. 

 

1.4.3 Classification ofStandards 

To maintain accuracy and interchangeability it is necessary that Standards tobe 

traceabletoasinglesource,usuallytheNationalStandardsofthecountry,whichare further 

linked to International Standards. The accuracy of National Standardsis 

transferredtoworkingstandardsthroughachainofintermediatestandardsinamanner 

givenbelow. 

•NationalStandards 

•National ReferenceStandards 

•WorkingStandards 

•Plant Laboratory ReferenceStandards 

•Plant Laboratory WorkingStandards 

•Shop FloorStandards 

Evidently, there is degradation of accuracy in passing from the definingstandards 

to the shop floor standards. The accuracy of particular standard depends on acombination 

ofthenumberoftimesithasbeencomparedwithastandardinahigherechelon,the 

frequencyofsuchcomparisons,thecarewithwhichitwasdone,andthestabilityofthe particular 

standardsitself. 

 

1.4.4 Accuracy of Measurements 

The purpose of measurement is to determine the true dimensions of a part. Butno 

measurement can be made absolutely accurate. There is always some error. Theamount 

of error depends upon the followingfactors: 

• The accuracy and design of the measuringinstrument 
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• Method adopted formeasurement 

• Temperaturevariations 

• Elastic deformation of the part or instrumentetc. 

Thus, the true dimension of the part cannot be determined but can onlyby 

approximate.Theagreementofthemeasuredvaluewiththetruevalueofthemeasured quantity 

is called accuracy. If the measurement of dimensions of a part approximatesvery closely 

to the true value of that dimension, it is said to be accurate. Thus  theterm accuracy 

denotes the closeness of the measured value with the true value. Thedifference between 

the measured value and the true value is the error of measurement. The lesserthe error, 

more is theaccuracy. 

1.4.5 Precision 

The terms precision and accuracy are used in connection with the performanceof 

theinstrument.Precisionistherepeatabilityofthemeasuringprocess.Itreferstothe 

groupofmeasurementsforthesamecharacteristicstakenunderidenticalconditions.It indicates 

to what extent the identically performed measurements agree with each other.If 

theinstrumentisnotpreciseitwillgivedifferent(widelyvarying)resultsforthesame dimension 

when measured again and again. The set of observations will scatter aboutthe 

mean.Thescatterofthesemeasurementsisdesignatedasσ,thestandarddeviation.Itis 

usedasanindexofprecision.Thelessthescatteringmorepreciseistheinstrument. Thus, lower, 

the value of σ, the more precise is theinstrument. 

 

1.4.6 Accuracy 

Accuracyisthedegreetowhichthemeasuredvalueofthequalitycharacteristic agrees 

with the true value. The difference between the true value and the measuredvalue 

isknownaserrorofmeasurement.Itispracticallydifficulttomeasureexactlythetrue 

valueandthereforeasetofobservationsismadewhosemeanvalueistakenasthetrue value of the 

qualitymeasured. 
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1.4.7 Distinction between Precision andAccuracy 
 

 

 

Accuracy is veryoften 

confused with precision thoughmuch 

different. The distinction betweenthe 

precision and accuracy willbecome 

clear by the followingexample. 

Several measurements are made ona 

component by different typesof 

instruments (A, B and Crespectively) 

and the results are plotted. In anyset 

of measurements, theindividual 

measurements are scattered aboutthe 

mean, and the precision signifieshow 

well     the     various   measurements 

performedbysameinstrumentonthesamequalitycharacteristicagreewitheachother. The 

difference between the mean of set of readings on the same quality characteristicand 

thetruevalueiscalledaserror.Lesstheerrormoreaccurateistheinstrument.Figure 

showsthattheinstrumentAisprecisesincetheresultsofnumberofmeasurementsare 

closetotheaveragevalue.However,thereisalargedifference(error)betweenthetrue value and 

the average value hence it is not accurate. The readings taken bythe 

instrumentsarescatteredmuchfromtheaveragevalueandhenceitisnotprecisebut accurate as 

there is a small difference between the average value and truevalue. 

 

1.4.8 Factors affecting the accuracy of the MeasuringSystem 

The basic components of an accuracy evaluation are the five elements ofa 

measuring system suchas: 

• Factors affecting the calibrationstandards. 
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• Factors affecting the workpiece. 

• Factors affecting the inherent characteristics of theinstrument. 

 

• Factors affecting the person, who carries out themeasurements, 

• Factors affecting theenvironment. 

1. Factors affecting the Standard: It may be affectedby: 

-Coefficient of thermalexpansion 

-Calibrationinterval 

-Stability withtime 

-Elasticproperties 

-Geometriccompatibility 

 

 

2. Factors affecting the Work piece: Theseare: 

-Cleanliness 

-Surface finish, waviness, scratch, surface defectsetc., 

-Hiddengeometry 

-Elastic properties,-adequate datum on the workpiece 

-Arrangement of supporting workpiece 

-Thermal equalizationetc. 

 

3. Factors affecting the inherent characteristics ofInstrument: 

-Adequate amplification for accuracyobjective 

-Scaleerror 

-Effect of friction, backlash, hysteresis, zero drifterror 

-Deformation in handling or use, when heavy work pieces aremeasured 

-Calibrationerrors 

-Mechanical parts (slides, guide ways or movingelements) 

-Repeatability andreadability 

-Contact geometry for both work piece andstandard. 
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4. Factors affecting person: 

 

-Training,skill 

-Sense of precisionappreciation 

-Ability to select measuring instruments andstandards 

-Sensible appreciation of measuringcost 

-Attitude towards personal accuracyachievements 

-Planningmeasurementtechniquesforminimumcost,consistentwithprecision 

requirementsetc. 

 

5. Factors affectingEnvironment: 

-Temperature, humidityetc. 

-Clean surrounding and minimum vibration enhanceprecision 

-Adequateillumination 

-Temperature equalization between standard, work piece,andinstrument 

-Thermal expansion effects due to heat radiation fromlights 

-Heating elements, sunlight andpeople 

-Manual handling may also introduce thermalexpansion. 

Higher accuracy can be achieved only if, ail the sources of error due to theabove 

fiveelementsinthemeasuringsystemareanalyzedandstepstakentoeliminate them. 

The above analysis of five basic metrology elements can be composedinto the 

acronym SWIPE, for convenient referencewhere, 

S –STANDARD W –WORKPIECE I –INSTRUMENT 

P –PERSON E –ENVIRONMENT 

 

1.5 SENSITIVITY 

 
Sensitivity may be defined as the rate of displacement of the indicating deviceof 

aninstrument,withrespecttothemeasuredquantity.Inotherwords,sensitivityofan instrument 
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is the ratio of the scale spacing to the scale division value. For example, if on a dial 

indicator, the scale spacing is 1.0 mm and the scale division value is 0.01 mm,then 

 

sensitivityis100.Itisalsocalledasamplificationfactororgearingratio.Ifwenow consider 

sensitivity over the full range of instrument reading with respect tomeasured quantities as 

shown in Figure the sensitivity at any value of y=dx/dy, where dx and dyare 

incrementsofxandy,takenoverthefullinstrumentscale,thesensitivityistheslopeof the curve 

at any value of y. 

 

The  sensitivity may be constant or 

variable along the scale. In the firstcase we 

get linear transmission and in the 

second non-linear transmission.. 

Sensitivity refers to the abilityof 

measuring device to detectsmall 

differences in a quantitybeing measured.  

High  sensitivityinstruments 

may lead to drifts due to thermal or other effects, and indications may be lessrepeatable 

or less precise than that of the instrument of lowersensitivity. 

 

1.5.1 Readability 

 
Readability refers to the case with which the readings of a measuringInstrument 

can be read. It is the susceptibility of a measuring device to have its indicationsconverted 

into meaningful number. Fine and widely spaced graduation lines ordinarily improvethe 

readability. If the graduation lines are very finely spaced, the scale will be morereadable 

byusingthemicroscope;however,withthenakedeyethereadabilitywillbepoor.To 

makemicrometersmorereadabletheyareprovidedwithvernierscale.Itcanalsobe improved by 

using magnifyingdevices. 
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1.5.2 Calibration 

 
The calibration of any measuring instrument is necessary to measure thequantity 

intermsofstandardunit.Itistheprocessofframingthescaleoftheinstrumentby applying some 

standardized signals. Calibration is a pre-measurement process,generally 

carriedoutbymanufacturers.Itiscarriedoutbymakingadjustmentssuchthattheread 

outdeviceproduceszerooutputforzeromeasuredinput.Similarly,itshoulddisplayan output 

equivalent to the known measured input near the full scale input value.The accuracy of 

the instrument depends upon the calibration. Constant use ofinstruments affects their 

accuracy. If the accuracy is to be maintained, the instruments mustbe checked and 

recalibrated if necessary. The schedule of such calibration depends uponthe severity of 

use, environmental conditions, accuracy of measurement required etc. Asfar 

aspossiblecalibrationshouldbeperformedunderenvironmentalconditionswhichare 

varyclosetotheconditionsunderwhichactualmeasurementsarecarriedout.Ifthe output of a 

measuring system is linear and repeatable, it can be easilycalibrated. 

 

1.5.3 Repeatability 

 
It is the ability of the measuring instrument to repeat the same results forthe 

measurements for the same quantity, when the measurement are carried out-by thesame 

observer,-withthesameinstrument,-underthesameconditions,-withoutanychangein 

location,-without change in the method of measurement-and the measurements are 

carried out in short intervals of time. It may be expressed quantitatively in termsof 

dispersion of theresults. 

 

1.5.4 Reproducibility 

 
Reproducibility is the consistency of pattern of variation in measurementi.e. 

closenessoftheagreementbetweentheresultsofmeasurementsofthesamequantity, when 

individual measurements are carriedout: 
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-by differentobservers 

-by differentmethods 

-using differentinstruments 

-under different conditions, locations, timesetc. 

1.6 STATIC AND DYNAMICRESPONSE 

 
Thestaticcharacteristicsofmeasuringinstrumentsareconcernedonlywiththe steady-

state reading that the instrument settles down to, such as accuracy of thereading. 

 

The dynamic characteristics of a measuring instrument describe itsbehavior 

betweenthetimeameasuredquantitychangesvalueandthetimewhentheinstrument 

outputattainsasteadyvalueinresponse.Aswithstaticcharacteristics,anyvaluesfor dynamic 

characteristics quoted in instrument data sheets only apply when theinstrument 

isusedunderspecifiedenvironmentalconditions.Outsidethesecalibrationconditions, some 

variation in the dynamic parameters can beexpected. 

 

In any linear, time-invariant measuring system, the following general relationcan 

be written between input and output for time (t) >0: 

 

where qi is the measured quantity, qo is the output reading, and ao ...an, bo... bmare 

constants. If we limit consideration to that of step changes in the measured quantityonly, 

then Equation (2) reducesto 
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1.6.1 Zero-OrderInstrument 
 

(3) 

If all the coefficients a1 . . . an other thana0 in 

Equation (2) are assumed zero, then where K isa 

constant known as the instrument sensitivityas 

defined earlier. Any instrument thatbehaves 

accordingtoEquation(3)issaidtobeofazero- order 

type. Following a step change inthe measured 

quantity at time t, the instrumentoutput moves 

immediately to a new value at the sametime instant  

t,  as  shown  in  Figure.  A  potentiometer, 

whichmeasuresmotionisagoodexampleofsuchaninstrument,wheretheoutput voltage 

changes instantaneously as the slider is displaced along the potentiometertrack. 

 

1.6.2 First-OrderInstrument 

 

 

If all the coefficients a2 . . . an except for ao and a1 are assumed zero in Equation 

(2)then               (3) 

AnyinstrumentthatbehavesaccordingtoEquation(4)isknownasafirst-order 

instrument. If d/dt is replaced by the D operator in Equation (4), weget 

(4) 

(5) 

Defining K ¼ b0/a0 as the static sensitivity and t ¼ a1/a0 as the time constant ofthe 

system, 
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(7) 

 

 

 

Equation (5)becomes (6) 

 

 

 

1.6.3 Second-OrderInstrument 

If all coefficients a3 . . . other than a0, a1, and a2 in Equation (2) are assumedzero, 

then weget 
 

 

 

 
 

 

 

 

 

 

(8) 
 

 

(9) 
 

 

 

 

 

 

 

This is the standard equation for a second-order system, and  anyinstrument 

whose response can be described by it is known as a second-order instrument. IfEquation 

(9) is solved analytically, the shape of the step response obtained depends on the valueof 

thedampingratioparameterx.Theoutputresponsesofasecond-orderinstrumentfor 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Sri Vidya College of  Engineering & Technology, Virudhunagar  Course Material (Lecture Notes) 
 

ME6504 &Metrology And Measurements  UNIT 1                                                     Page | 33  

 

various values of x following a step changein the value of the measured quantity at timet 

are shown in Figure. Commercial second-order instruments, of which the accelerometer 

is a common example, are generally designed to have a damping ratio (x) somewherein 

the range of0.6–0.8. 

 
 

 

 

 

 

 

 

 

 

1.7 ERRORS INMEASUREMENTS 

 

 

It is never possible to measure the true value of a dimension there is alwayssome 

error.Theerrorinmeasurementisthedifferencebetweenthemeasuredvalueandthe true value 

of the measureddimension. 

Error in measurement = Measured value - Truevalue 

Theerrorinmeasurementmaybeexpressedorevaluatedeitherasanabsolute error or as 

a relativeerror. 
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1.7.1 AbsoluteError 

 

True absoluteerror: 

It is the algebraic difference between the result of measurement andthe 

conventional true value of the quantitymeasured. 

Apparent absoluteerror: 

If the series of measurement are made then the algebraicdifference 

between one of the results of measurement and the arithmetical mean is knownas 

apparent absoluteerror. 

RelativeError: 

Itisthequotientoftheabsoluteerrorandthevalueofcomparisonuseor 

calculation of that absolute error. This value of comparison may be the truevalue, 

the conventional true value or the arithmetic mean for series of measurement.The 

accuracy of measurement, and hence the error depends upon so many factors, 

suchas: 

-calibrationstandard 

-Workpiece 

-Instrument 

-Person 

-Environmentetc 

 

 

1.7.2 Types of Errors 

1. SystematicError 

Theseerrorsincludecalibrationerrors,errorduetovariationintheatmospheric 

conditionVariationincontactpressureetc.Ifproperlyanalyzed,theseerrorscanbe 

determinedandreducedoreveneliminatedhencealsocalledcontrollableerrors.All 

othersystematicerrorscanbecontrolledinmagnitudeandsenseexceptpersonalerror. 
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These errors results from irregular procedure that is consistent in action. These errorsare 

repetitive in nature and are of constant and similarform. 

 

2. RandomError 

These errors are caused due to variation in position of setting standard andwork- 

pieceerrors.Duetodisplacementofleveljointsofinstruments,duetobacklashand 

friction,theseerrorareinduced.Specificcause,magnitudeandsenseoftheseerrors cannot be 

determined from the knowledge of measuring system or conditionof measurement. These 

errors are non-consistent and hence the name randomerrors. 

 

3. EnvironmentalError 

Theseerrorsarecausedduetoeffectofsurroundingtemperature,pressureand humidity 

on the measuring instrument. External factors like nuclear radiation,vibrations 

andmagneticfieldalsoleadstoerror.Temperatureplaysanimportantrolewherehigh 

precisionisrequired.e.g.whileusingslipgauges,duetohandlingtheslipgaugesmay acquire 

human body temperature, whereas the work is at 20°C. A 300 mm length willgo in error 

by 5 microns which is quite a considerable error. To avoid errors of this kind,all 

metrology laboratories and standard rooms worldwide are maintained at20°C. 

 

1.7.3 Calibration 

It is very much essential to calibrate the instrument so as to maintain itsaccuracy. 

Incasewhenthemeasuringandthesensingsystemaredifferentitisverydifficultto 

calibratethesystemasanwhole,sointhatcasewehavetotakeintoaccounttheerror 

producingpropertiesofeachcomponent.Calibrationisusuallycarriedoutbymaking 

adjustmentsuchthatwhentheinstrumentishavingzeromeasuredinputthenitshould 

readoutzeroandwhentheinstrumentismeasuringsomedimensionitshouldreaditto 

itsclosestaccuratevalue.Itisverymuchimportantthatcalibrationofanymeasuring 

systemshouldbeperformedundertheenvironmentalconditionsthataremuchcloserto that 

under which the actual measurements are usually to betaken. 
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Calibration is the process of checking the dimension and tolerances of a gauge,or 

theaccuracyofameasurementinstrumentbycomparingittotheinstrument/gaugethat has been 

certified as a standard of known accuracy. Calibration of an instrument isdone over a 

period of time, which is decided depending upon the usage of the instrument or on the 

materials of the parts from which it is made. The dimensions and the tolerances ofthe 

instrument/gauge are checked so that we can come to whether the instrument can beused 

againbycalibratingitorisitwearoutordeterioratedabovethelimitvalue.Ifitisso 

thenitisthrownoutoritisscrapped.Ifthegaugeortheinstrumentisfrequentlyused, then it will 

require more maintenance and frequent calibration. Calibration ofinstrument is done prior 

to its use and afterwards to verify that it is within the tolerance limit ornot. Certification is 

given by making comparison between the instrument/gauge withthe reference standard 

whose calibration is traceable to accepted Nationalstandard. 

 

1.8 INTRODUCTION TO DIMENSIONAL AND GEOMETRICTOLERANCE 

 

1.8.1 GeneralAspects 

 
Inthedesignandmanufactureofengineeringproductsagreatdealofattention 

hastobepaidtothemating,assemblyandfittingofvariouscomponents.Intheearly days of 

mechanical engineering during the nineteenth century, the majority ofsuch components 

were actually mated together, their dimensions being adjusted untilthe required type of fit 

was obtained. These methods demanded craftsmanship of a highorder and a great deal of 

very fine work was produced. Present day standards ofquantity production, 

interchangeability, and continuous assembly of many complexcompounds, could not exist 

under such a system, neither could many of the exactingdesign requirements of modern 

machines be fulfilled without the knowledge thatcertain 

dimensionscanbereproducedwithprecisiononanynumberofcomponents.Modern 

mechanical production engineering is based on a system of limits and fits, whichwhile 

notonlyitselfensuringthenecessaryaccuraciesofmanufacture,formsascheduleor 

specifications to which manufacturers canadhere. 
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Inorderthatasystemoflimitsandfitsmaybesuccessful,followingconditions must 

befulfilled: 

 

1. The range of sizes covered by the system must be sufficient for mostpurposes. 

2. Itmustbebasedonsomestandards;sothateverybodyunderstandsalikeanda given 

dimension has the same meaning at allplaces. 

3. For any basic size it must be possible to select from a carefully designed rangeof 

fit the most suitable one for a givenapplication. 

4. Each basic size of hole and shaft must have a range of tolerance values for each of 

the differentfits. 

5. The system must provide for both unilateral and bilateral methods of applyingthe 

tolerance. 

6. Itmustbepossibleforamanufacturertousethesystemtoapplyeitherahole- based or a 

shaft-based system as his manufacturing requirements mayneed. 

7. Thesystemshouldcoverworkfromhighclasstoolandgaugeworkwherevery wide 

limits of sizes arepermissible. 

 

1.8.2 Nominal Size and BasicDimensions 

 
Nominalsize:A'nominalsize'isthesizewhichisusedforpurposeofgeneral 

identification. Thus the nominal size of a hole and shaft assembly is 60 mm, eventhough 

the basic size of the hole may be60 mm and the basic size of the shaft 59.5mm. 

Basic dimension: A 'basic dimension' is the dimension, as worked out bypurely 

design considerations. Since the ideal conditions of producing basic dimension, donot 

exist,thebasicdimensionscanbetreatedasthetheoreticalornominalsize,andithas 

onlytobeapproximated.Astudyoffunctionofmachinepartwouldrevealthatitis unnecessary to 

attain perfection because some variations in dimension, howeversmall, 

canbetoleratedsizeofvariousparts.Itis,thus,generalpracticetospecifyabasic 

dimensionandindicatebytolerancesastohowmuchvariationinthebasicdimension 
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can be tolerated without affecting the functioning of the assembly into which this part 

will beused. 

1.8.3 Definitions 

The definitions given below are based on those given in IS:919 

Shaft:Thetermshaftrefersnotonlytodiameterofacircularshafttoanyexternal dimension on 

acomponent. 

Hole:Thistermrefersnotonlytothediameterofacircularholebuttoanyinternal dimension on 

acomponent. 

Basics ofFit 

Afitorlimitsystemconsistsofaseriesoftolerancesarrangedtosuitaspecific 

rangeofsizesandfunctions,sothatlimitsofsizemay.Beselectedandgiventomating 

components to ensure specific classes of fit. This system may be arranged onthe 

followingbasis: 

1. Hole basissystem 

2. Shaft basissystem. 
 

 

Hole basissystem: 

'Hole basis system' is one in which the limits on the hole are kept constant andthe 

variations necessary to obtain the classes of fit are arranged by varying those on theshaft. 

 

Shaft basissystem: 

'Shaft basis system' is one in which the limits on the shaft are kept constantand 

thevariationsnecessarytoobtaintheclassesoffitarearrangedbyvaryingthelimitson 
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theholes.Inpresentdayindustrialpracticeholebasissystemisusedbecauseagreat 

manyholesareproducedbystandardtooling,forexample,reamersdrills,etc.,whose 

sizeisnotadjustable.Subsequentlytheshaftsizesaremorereadilyvariableaboutthe basic size 

by means of turning or grinding operations. Thus the hole basis systemresults 

inconsiderablereductioninreamersandotherprecisiontoolsascomparedtoashaft basis system 

because in shaft basis system due to non-adjustable nature of reamers,drills 

etc.greatvariety(ofsizes)ofthesetoolsarerequiredforproducingdifferentclassesof holes for 

one class of shaft for obtaining differentfits. 

 

1.8.4 Systems of Specifying Tolerances 

 
The tolerance or the error permitted in manufacturing a particular dimensionmay 

beallowedtovaryeitherononesideofthebasicsizeoroneithersideofthebasicsize. Accordingly 

two systems of specifying tolerancesexit. 

1. Unilateralsystem 

2. Bilateralsystem. 

In the unilateral system, tolerance is applied only in onedirection. 
 

 +0.04  -0.02 

Examples: 40.0 or 40.0 

 +0.02  -0.04 

 

 

 

Inthebilateralsystemofwritingtolerances,adimensionispermittedtovaryin 

twodirections. 
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+0.02 

Examples:40.0 

-0.04 

 

 

1.9 INTERCHANGEABILITY 

 
Itistheprincipleemployedtomatingpartsorcomponents.Thepartsarepicked 

atrandom,complyingwiththestipulatedspecificationsandfunctionalrequirementsof the 

assembly. When only a few assemblies are to be made, the correct fits betweenparts arc 

made by controlling the sizes while machining the parts, by matching them withtheir 

matingparts.Theactualsizesofthepartsmayvaryfromassemblytoassemblytosuch an extent 

that a given part can fit only in its own assembly. Such a method of 

manufacturetakesmoretimeandwillthereforeincreasethecost.Therewillalsobe 

problemswhenpartsarcneededtobereplaced.Modernproductionisbasedonthe concept of 

interchangeability. When one component assembles properly with anymating component, 

both being chosen at random, then this is interchangeable manufacture. Itis the uniformity 

of size of the components produced which ensuresinterchangeability. 

 

 

 

1.9.1 The advantages of interchangeability are asfollows: 

 

 

1. Theassemblyofmatingpartsiseasier.Sinceanycomponentpickedupfromits 

lotwillassemblewithanyothermatingpartfromanotherlotwithoutadditional fitting 

andmachining. 

2. It enhances the productionrate. 

3. The standardization of machine parts and manufacturing methods isdecided. 

4. It brings down the assembling costdrastically. 

5. Repairing of existing machines or products is simplified because componentparts 

can be easilyreplaced. 

6. Replacement of worn out parts iseasy. 
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QUESTIONBANK 

 
PART –A (2MARKS) 

1. Differentiate between sensitivity and range with suitableexample. 

2. Define system error andcorrection. 

3. Define:Measurand. 

4. Define: DeterministicMetrology. 

5. Define over damped and under dampedsystem. 

6. Give any four methods ofmeasurement 

7. Give classification of measuringinstruments. 

8. Define Truesize 

PART –B (16MARKS) 

1. Draw the block diagram of generalized measurement system and explain 

differentstages with examples. 

2. Distinguish between Repeatability andreproducibility 

3. Distinguish between Systematic and randomerrors 

4. Distinguish between Static and dynamicresponse. 

5. Describe the different types of errors in measurements and thecauses. 

6. List the various measurement methods andexplain 

7. Briefly discuss on the applications of measuringinstruments 

8. Briefly discuss on calibration of temperature measuring devices with 

suitableexamples 

9. Explain the various systematic and random errors inmeasurements? 

10. What is the need of calibration? Explain the classification of various 

measuringmethods. 
 

11. Describe loading errors and environmentalerrors. 

12. What are elements of a measuring system? How they affect accuracy 

andprecision? How error due to these elements areeliminated 
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UNITII 

 

 

LINEAR AND ANGULARMEASUREMENTS 
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TECHNICALTERMS 
 

 

 Comparators 

 
Comparators are one form of linear measurement device which is quick andmore 

convenient for checking large number of identicaldimensions. 

 

 Leastcount 

The least value that can be measured by using any measuring instrumentknown as 

least count. Least count of a mechanical comparator is 0.0 1mm. 

 

 Caliper 

Caliperisaninstrumentusedformeasuringdistancebetweenoroversurfaces 

comparingdimensionsofworkpieceswithsuchstandardsaspluggauges,graduated rulesetc. 

 

 Interferometer 

They are optical instruments used for measuring flatness and determiningthe 

length of the slip gauges by direct reference to the wavelength oflight. 

 

 Sinebar 

Sine bars are always used along with slip gauges as a device for themeasurement 

of angles veryprecisely. 

 

 Auto-collimator 

Auto-collimator is an optical instrument used for the measurement ofsmall 

angular differences, changes or deflection, plane surface inspectionetc. 
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LINEAR MEASURINGINSTRUMENTS 
 

Linearmeasurementappliestomeasurementoflengths,diameter,heightsand thickness 

including external and internal measurements. The line measuringinstruments 

haveseriesofaccuratelyspacedlinesmarkedontheme.g.Scale.Thedimensionstobe measured 

are aligned with the graduations of the scale. Linear measuring instrumentsare designed 

either for line measurements or end measurements. In endmeasuring instruments, the 

measurement is taken between two end surfaces as in micrometers,slip gaugesetc. 

The instruments used for linear measurements can be classifiedas: 

1. Direct measuringinstruments 

2. Indirect measuringinstruments 

The Direct measuring instruments are of twotypes: 

1. Graduated 

2. Non Graduated 

Thegraduatedinstrumentsincluderules,verniercalipers,vernierheight 

gauges, vernier depth gauges, micrometers, dial indicatorsetc. 

The non graduated instruments include calipers, trammels, telescopic 

gauges,surfacegauges,straightedges,wiregauges,screwpitchgauges,radius gauges, 

thickness gauges, slip gaugesetc. 

They can also be classifiedas 

1. Non precision instruments such as steel rule, calipers etc., 

2. Precision measuring instruments, such as vernier instruments,micrometers, 

dial gaugesetc. 

 

SCALES 

 The most common tool for crude measurements is the scale (also known as rules,or 

rulers). 

 Althoughplastic,woodandothermaterialsareusedforcommonscales,precision scales use 

tempered steel alloys, with graduations scribed onto thesurface. 
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 These are limited by the human eye. Basically they are used to comparetwo 

dimensions. 

 The metric scales use decimal divisions, and the imperial scales usefractional 

divisions. 

 Some scales only use the fine scale divisions at one end of the scale. It is advisedthat 

the end of the scale not be used for measurement. This is because as theybecome 

worn with use, the end of the scale will no longer be at a `zero'position. 

 Insteadtheinternaldivisionsofthescaleshouldbeused.Parallaxerrorcanbea factor when 

making measurements with ascale. 

 

CALIPERS 

Caliperisaninstrumentusedformeasuringdistancebetweenoroversurfaces 

comparingdimensionsofworkpieceswithsuchstandardsaspluggauges,graduated rules etc. 

Calipers may be difficult to use, and they require that the operator follow afew basic 

rules, do not force them, they will bend easily, and invalidate measurementsmade. If 

measurements are made using calipers for comparison, one operator should make allof 

the measurements (this keeps the feel factor a minimal error source). Theseinstruments 

are very useful when dealing with hard to reach locations that normalmeasuring 

instruments cannot reach. Obviously the added step in the measurement willsignificantly 

decrease theaccuracy. 
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VERNIERCALIPERS 

The vernier instruments generally used in workshop and engineeringmetrology 

have comparatively low accuracy. The line of measurement of such instruments doesnot 

coincidewiththelineofscale.Theaccuracythereforedependsuponthestraightnessof 

thebeamandthesquarenessoftheslidingjawwithrespecttothebeam.Toensurethe 

squareness,theslidingjawmustbeclampedbeforetakingthereading.Thezeroerror 

mustalsobetakenintoconsideration.Instrumentsarenowavailablewithameasuring range up 

to one meter with a scale value of 0.1 or 0.2mm. 

Types of VernierCalipers 

According to Indian Standard IS: 3651-1974, three types of vernier calipershave 

beenspecifiedtomakeexternalandinternalmeasurementsandareshowninfigures 

respectively. All the three types are made with one scale on the front of the beamfor 

directreading. 

TypeA:Vernierhasjawsonbothsidesforexternalandinternalmeasurements and a 

blade for depthmeasurement. 
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Type B: It is provided with jaws on one side for external and internalmeasurements. 
 

 

 

 
Type C: It has jaws on both sides for making the measurement and formarking 

operations 

 

Errors inCalipers 

The degree of accuracy obtained in measurement greatly depends uponthe 

conditionofthejawsofthecalipersandaspecialattentionisneededbeforeproceeding for the 

measurement. The accuracy and natural wear, and warping of Vernier caliper jaws should 

be tested frequently by closing them together tightly and setting them to 0-0point of the 

main and Vernierscales. 

 

MICROMETERS 

There are two types init. 

(i) Outside micrometer — To measure external dimensions. 

(ii) Inside micrometer — To measure internaldimensions. 
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An outside micrometer is shown. It consists of two scales, main scale andthimble 

scale.Whilethepitchofbarrelscrewis0.5mmthethimblehasgraduationof0.01mm. The least 

count of this micrometer is 0.01mm. 

 

 

 

 
Themicrometerrequirestheuseofanaccuratescrewthreadasameansofobtaininga 

measurement.Thescrewisattachedtoaspindleandisturnedbymovementofathimbleor 

ratchetattheend.Thebarrel,whichisattachedtotheframe,actsasanuttoengagethescrew 

threads,whichareaccuratelymadewithapitchof0.05mm.Eachrevolutionofthethimble 

advancesthescrew0.05mm.Onthebarreladatumlineisgraduatedwithtwosetsofdivision marks. 

 

 

SLIPGAUGES 

 

 

These may be used as reference standards for transferring the dimension ofthe 

unitoflengthfromtheprimarystandardtogaugeblocksofloweraccuracyandforthe verification 

and graduation of measuring apparatus. These are high carbon steel 

hardened,groundandlappedrectangularblocks,havingcrosssectionalarea0f30mm 
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10mm. Their opposite faces are flat, parallel and are accurately the stated distanceapart. 

Theoppositefacesareofsuchahighdegreeofsurfacefinish,thatwhentheblocksare 

pressedtogetherwithaslighttwistbyhand,theywillwringtogether.Theywillremain firmly 

attached to each other. They are supplied in sets of 112 pieces down to 32pieces. 

Duetopropertiesofslipgauges,theyarebuiltupby,wringingintocombinationwhich 

givessize,varyingbystepsof0.01mmandtheoverallaccuracyisoftheorderof 0.00025mm. Slip 

gauges with three basic forms are commonly found, theseare rectangular, square with 

center hole, and square without centerhole. 

 

 

 

 
WringingorSlidingisnothingbutcombiningthefacesofslipgaugesoneover 

theother.Duetoadhesionpropertyofslipgauges,theywillsticktogether.Thisis because of very 

high degree of surface finish of the measuringfaces. 
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Classification of  SlipGauges 

Slip gauges are classified into various types according to their use asfollows: 

1) Grade2 

2) Grade1 

3) Grade0 

4) Grade00 

5) Calibrationgrade. 

1) Grade 2: 

It is a workshop grade slip gauges used for setting tools, cutters andchecking 

dimensionsroughly. 

2) Grade 1: 

The grade I is used for precise work in toolrooms. 

3) Grade 0: 

It is used as inspection grade of slip gauges mainly by inspectiondepartment. 

4) Grade 00: 

Grade 00 mainly used in high precision works in the form of error detectionin 

instruments. 

5) Calibration grade: 

The actual size of the slip gauge is calibrated on a chart supplied bythe 

manufactures. 

 

Manufacture of SlipGauges 

 

 

The following additional operations are carried out to obtain thenecessary 

qualities in slip gauges duringmanufacture. 

i. First the approximate size of slip gauges is done by preliminaryoperations. 

ii. The blocks are hardened and wear resistant by a special heat treatmentprocess. 

iii. To stabilize the whole life of blocks, seasoning process isdone. 

 

iv. To get the exact size of slip gauges, lapping operation isdone. 
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v. Comparison is made with grand mastersets. 

 

 

Slip Gaugesaccessories 

The application slip gauges can be increased by providing accessories to theslip 

gauges. The various accessoriesare 

 Measuringjaw 

 Scriber and Centrepoint. 

 Holder andbase 

1. Measuring jaw: 

It is available in two designs specially made for internal and externalfeatures. 

2. Scriber and Centrepoint: 

It is mainly formed for markingpurpose. 

3. Holder andbase: 

Holder is nothing but a holding device used to hold combination of slipgauges. 

Base in designed for mounting the holder rigidly on its topsurface. 

 

 

INTERFEROMETERS 

 

 
They are optical instruments used for measuring flatness and determiningthe 

length of the slip gauges by direct reference to the wavelength of light. It overcomesthe 

drawbacksofopticalflatsusedinordinarydaylight.Intheseinstrumentsthelayofthe 

opticalflatcanbecontrolledandfringescanbeorientedaspertherequirement.An 

arrangementismadetoviewthefringesdirectlyfromthetopandavoidanydistortion due to 

incorrectviewing. 
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Optical Flat andCalibration 

1. Optical flat are flat lenses, made from quartz, having a very accurate surfaceto 

transmitlight. 

2. They are used in interferometers, for testing planesurfaces. 

3. The diameter of an optical flat varies from 50 to 250 nun and thicknessvaries 

from 12 to 25mm. 

4. Optical flats are made in a range of sizes andshapes. 

5. The flats are available with a coatedsurface. 

6. The coating is a thin film, usually titanium oxide, applied on the surfaceto 

reduce the light lost byreflection. 

7. The coating is so thin that it does not affect the position of the fringe bands,but 

acoatedflat.Thesupportingsurfaceonwhichtheopticalflatmeasurementsare 

mademustprovideaclean,rigidplatform.Opticalflatsarecylindricalinform, with the 

working surface and are of two types are i) type A, ii) typeB. 

i) TypeA: 

It has only one surface flat and is used for testing flatness of precisionmeasuring 

surfacesofflats,slipgaugesandmeasuringtables.Thetoleranceonflatshouldbe0.05 

µm for typeA. 

 

 

ii) TypeB: 

It has both surfaces flat and parallel to each other. They are used fortesting 

measuring surfaces of micrometers, Measuring anvils and similar length ofmeasuring 

devicesfortestingflatnessandparallelism.Fortheseinstruments,theirthicknessand grades are 

important. The tolerances on flatness, parallelism and thickness should be0.05 

µm. 
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Interference Bands by OpticalFlat 

 

 

Optical flats arc blocks of glass finished to within 0.05 microns for flatness.When 

artopticalflatisonaflatsurfacewhichisnotperfectlyflatthenopticalflatwillnot 

exactlycoincidewithit,butitwillmakeanangleewiththesurfaceasshowninFigure 2.8. 

 

 

 
LIMITGAUGES 

 

 

 A limit gauge is not a measuring gauge. Just they are used as inspectinggauges. 

 The limit gauges are used in inspection by methods ofattributes. 

 This gives the information about the products which may be either withinthe 

prescribed limit ornot. 

 By using limit gauges report, the control charts of P and C charts are drawn tocontrol 

invariance of theproducts. 

 Thisprocedureismostlyperformedbythequalitycontroldepartmentofeachand 

everyindustry. 

 Limitgaugearemainlyusedforcheckingforcylindricalholesofidentical components with 

a large numbers in massproduction. 
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Purpose of using limit gauges 

 

 

 Componentsaremanufacturedasperthespecifiedtolerancelimits,upperlimitand lower 

limit. The dimension of each component should be within this upper andlower limit. 

 If the dimensions are outside these limits, the components will berejected. 

 If we use any measuring instruments to check these dimensions, the processwill 

consumemoretime.Stillwearenotinterestedinknowingtheamountoferrorin dimensions. 

 It is just enough whether the size of the component is within the prescribed limitsor 

not. For this purpose, we can make use of gauges known as limitgauges. 

 

The common types are asfollows: 

1) Pluggauges. 

2) Ringgauges. 

3) Snapgauges. 

 

 

 

PLUGGAUGES 

 Theendsarehardenedandaccuratelyfinishedbygrinding.OneendistheGOend and the 

other end is NOGOend. 

 Usually,theGOendwillbeequaltothelowerlimitsizeoftheholeandtheNOGO end will be 

equal to the upper limit size of thehole. 

 Ifthesizeoftheholeiswithinthelimits,theGOendshouldgoinsidetheholeand NOGO end 

should not go. 

 If the GO end and does not go, the hole is under size and also if NOGO end goes,the 

hole is over size. Hence, the components are rejected in both thecases. 
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1. Double ended pluggauges 

Inthistype,theGOendandNOGOendarearrangedonboththeendsofthe plug. This 

type has the advantage of easyhandling. 

 

2. Progressive type of plug gauges 

In this type both the GO end and NOGO end are arranged in the same side ofthe 

plug.Wecanusethepluggaugeendsprogressivelyoneaftertheotherwhilechecking the hole. It 

saves time. Generally, the GO end is made larger than the NOGO end inplug gauges. 

 

TAPER PLUG GAUGE 

Taper plug gauges are used to check tapered holes. It has two check lines. One is 

a GO line and another is a NOGO line. During the checking of work, NOGO lineremains 

outside the hole and GO line remains inside thehole. 

They are various types taper plug gauges are available as shown in fig. Suchas 

1) Taper plug gauge —plain 

2) Taper plug gauge —tanged. 

3) Taper ring gaugeplain 

4) Taper ring gauge — tanged. 
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 RINGGAUGES 

 

 

 Ringgaugesaremainlyusedforcheckingthediameterofshaftshavingacentral 

hole.Theholeisaccuratelyfinishedbygrindingandlappingaftertakinghardening process. 

 The periphery of the ring is knurled to give more grips while handling the 

gauges.WehavetomaketworinggaugesseparatelytochecktheshaftsuchasGOringgauge 

and NOGO ringgauge. 

 But the hole of GO ring gauge is made to the upper limit size of the shaft 

andNOGOfor the lowerlimit. 

 Whilecheckingtheshaft,theGOringgaugewillpassthroughtheshaftandNOGO will not 

pass. 

 To identify the NOGO ring gauges easily, a red mark or a small groove cut onits 

periphery. 

 

 

 
 SNAPGAUGE 

Snap gauges are used for checking external dimensions. They are also called asgap 

gauges. The different types of snap gaugesare: 
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1. Double Ended SnapGauge 

 

 

This gauge is having two ends in theform 

of anvils. Here also, the GO anvil is madeto lower 

limit and NOGO anvil is made toupper limit of 

the shaft. It is also known as solidsnap gauges 

2. Progressive SnapGauge 
 

This type of snap gauge is also calledcaliper 

gauge. It is mainly used for checking largediameters 

up to 100mm. Both GO and NOGO anvils at thesame 

end. The GO anvil should be at the front andNOGO 

anvil at the rear. So, the diameter of the shaftis 

checked progressively by these two ends. This typeof 

gauge is made of horse shoe shaped frame withI 

section to reduce the weight of the snapgauges. 

 

3. Adjustable SnapGauge 

Adjustable snap gauges are used forchecking 

large size shafts made  with  horseshoe shapedframe 

of I section. It has one fixed anvil and two small 

adjustable anvils. The  distance  between  the two 

anvils is adjusted by adjusting the adjustable  anvils by 

means of setscrews. This adjustment can bemade with 

the help of slip gauges for specified limits ofsize. 
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4. Combined LimitGauges 

 

 

A spherical projection is providedwith 

GOandNOGOdimensionmarkedinasingle gauge. 

While using GO gauge the handleis 

paralleltoaxesoftheholeandnormaltoaxes for 

NOGOgauge. 

 

5. Position Gauge 

 

It is designed for checking the positionof 

features in relation to another surface. Othertypes 

of gauges are also available such  ascontour 

gauges, receiver gauges, profile gaugesetc. 

 

TAYLOR’ SPRINCIPLE 
 

 

It  states  that  GO  gauge  should  checkall 

related dimensions. Simultaneously NOGO gauge should check only one dimension ata 

time. 

 

Maximum metalcondition 

It refers to the condition of hole or shaft when maximum material is left oni.e. 

high limit of shaft and low limit ofhole. 
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Applications of LimitGauges 

1. Threadgauges 

2. Formgauges 

3. Serew pitch gauges 

4. Radius and filletgauges 

5. Feeler gauges 

6. Plate gauge and Wiregauge 

 

 

COMPARATORS 

 

 

Comparators are one form of linear measurement device which is quick andmore 

convenientforcheckinglargenumberofidenticaldimensions.Comparatorsnormally 

willnotshowtheactualdimensionsoftheworkpiece.Theywillbeshownonlythe 

deviationinsize.i.e.Duringthemeasurementacomparatorisabletogivethedeviation 

ofthedimensionfromthesetdimension.Thiscannotbeusedasanabsolutemeasuring device but 

can only compare two dimensions. Comparators are designed in severaltypes to meet 

various conditions. Comparators of every type incorporate some kindof magnifying 

device. The magnifying device magnifies how much dimension deviates,plus or minus, 

from the standardsize. 

 

The comparators are classified according to the principles used forobtaining 

magnification. The common typesare: 

1) Mechanicalcomparators 

2) Electricalcomparators 

3) Opticalcomparators 

4) Pneumaticcomparators 
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MECHANICALCOMPARATORS 

 
Mechanical comparator employs mechanical means for magnifyingsmall 

deviations. The method of magnifying small movement of the indicator in 

allmechanicalcomparators are effected by means of levers, gear trains or a combination 

ofthese elements. Mechanical comparators are available having magnifications from 300 

to5000 to 1. These are mostly used for inspection of small parts machined to closelimits. 

 

1. Dial indicator 

Adialindicatorordialgaugeisusedasamechanicalcomparator.Theessential 

partsoftheinstrumentarelikeasmallclockwithaplungerprojectingatthebottomas 

showninfig.Veryslightupwardmovementontheplungermovesitupwardandthe movement is 

indicated by the dial pointer. The dial is graduated into 100 divisions. Afull revolution of 

the pointer about this scale corresponds to 1mm travel of the plunger.Thus, a turn of the 

pointer b one scale division represents a plunger travel of0.01mm. 

 

Experimentalsetup 

The whole setup consists ofworktable, 

dial indicator and vertical post. Thedial 

indicator is fitted to vertical post byon 

adjusting screw as shown in fig. Thevertical 

post is fitted on the work table; the topsurface 

of the worktable is finely finished. Thedial 

gauge can be adjusted vertically and lockedin 

position by ascrew. 

Procedure 

Let us assume that the required height of the component is 32.5mm. Initiallythis . 
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Now the component to be checked is introduced under the stem of the dial gauge. Ifthere 

is any deviation in the height of the component, it will be indicated by thepointer. 

 

Mechanism 

Thestemhasrackteeth.Asetofgearsengagewiththerack.Thepointeris connected to a 

small pinion. The small pinion is independently hinged. I.e. it isnot 

connectedtothestern.Theverticalmovementofthestemistransmittedtothepointer through a 

set of gears. A spring gives a constant downward pressure to thestem. 

 

2. Read type mechanical comparator 

 

 

In this type of comparator, the linear movement of the plunger is specifiedby 

meansofreadmechanism.Themechanismofthistypeisillustratedinfig.Aspring- loaded 

pointer is pivoted. Initially, the comparator is set with the help of aknown dimension eg. 

Set of slip gauges  as 

shown in fig. Then theindicator 

reading is adjusted to zero. When 

the part to be measured is keptunder 

the pointer, then thecomparator 

displays the deviation ofthis 

dimension either in ± or—  sideof 

the setdimension. 
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Advantages 

 
1) It is usually robust, compact and easy tohandle. 

2) There is no external supply such as electricity, airrequired. 

3) It has very simple mechanism and is cheaper when compared to othertypes. 

4) It is suitable for ordinary workshop and also easilyportable. 

 

Disadvantages 

 
1) Accuracyofthecomparatormainlydependsontheaccuracyoftherackand pinion 

arrangement. Any slackness will reduceaccuracy. 

2) It has more moving parts and hence friction is more and accuracy isless. 

3) The range of the instrument is limited since pointer is moving over afixed 

scale. 

 

ELECTRICALCOMPARATOR: 

An electrical comparator consists of the following three major part suchas 

1) Transducer 

2) Display device asmeter 

3) Amplifier 
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Transducer 

 
An iron armature is provided in between two coils held by a lea spring at oneend. 

Theotherendissupportedagainstaplunger.ThetwocoilsactastwoarmsofanA.C. wheat stone 

bridgecircuit. 

 

Amplifier 

 
The amplifier is nothing but a device which amplifies the give inputsignal 

frequency into magnifiedoutput 

 

Display device ormeter 

 
The amplified input signal is displayed on some terminal stage instruments.Here, 

the terminal instrument is ameter. 

 

Workingprinciple 

 
If the armature is centrally located between the coils, the inductance of bothcoils 

will be equal but in opposite direction with the sign change. Due to this, the bridgecircuit 
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ofA.C.wheatstonebridgeisbalanced.Therefore,themeterwillreadzerovalue.But 

practically,itisnotpossible.Inrealcases,thearmaturemaybelifteduporlowered down by the 

plunger during the measurement. This would upset the balance of thewheat stone bridge 

circuit. Due to this effect, the change in current or potential will beinduced 

correspondingly. On that time, the meter will indicate some value as displacement.This 

indicated value may be either for larger or smaller components. As this induced currentis 

too small, it should be suitably amplified before being displayed in themeter. 

 

Checking ofaccuracy 

 
Tochecktheaccuracyofagivenspecimenorwork,firstastandardspecimenis 

placedundertheplunger.Afterthis,theresistanceofwheatstonebridgeisadjustedso 

 

 

thatthescalereadingshowszero.Thenthespecimenisremoved.Now,theworkis introduced 

under the plunger. If height variation of work presents, it will  movethe plunger up or 

down. The corresponding movement of the plunger is first amplified bythe amplifier then 

it is transmitted to the meter to show the variations. The least count ofthis electrical 

comparator is 0.001mm (onemicron). 

 

ELECTRONICCOMPARATOR 

 
In electronic comparator, transducer induction or the principle of applicationof 

frequency modulation or radio oscillation isfollowed. 
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Constructiondetails 

In the electronic comparator, the following components are set asfollows: 

i. Transducer 

ii. Oscillator 

iii. Amplifier 

iv. Demodulator 

v. Meter 

(i) Transducer 

It converts the movement of the plunger into an electrical signal. It isconnected 

withoscillator. 
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(ii) Oscillator 

Theoscillatorwhichreceiveselectricalsignalfromthetransducerandraisesthe 

amplitude of frequency wave by adding carrier frequency called asmodulation. 

 

(iii) Amplifier 

An amplifier is connected in between oscillator and demodulator. Thesignal 

coming out of the oscillator is amplified into a requiredlevel. 

 

(iv) Demodulator 

Demodulator is nothing but a device which cuts off external carrierwave 

frequency. i.e. It converts the modulated wave into original wave as electricalsignal. 

 

(v) Meter 

Thisisnothingbutadisplaydevicefromwhichtheoutputcanbeobtainedasa 

linearmeasurement. 

 

Principle ofoperation 

 
Theworktobemeasuredisplacedundertheplungeroftheelectronic 

comparator.Bothworkandcomparatoraremadetorestonthesurfaceplate.Thelinear 

movement of the plunger is converted into electrical signal by a suitable transducer.Then 

itsenttoanoscillatortomodulatetheelectricalsignalbyaddingcarrierfrequencyof 

wave.Afterthattheamplifiedsignalissenttodemodulatorinwhichthecarrierwaves are cut off. 

Finally, the demodulated signal is passed to the meter to convert the probetip movement 

into linear measurement as  an output  signal.  A separate electrical supply  of 

D.C. is already given to actuate themeter. 

 

 

 Advantages of Electrical and Electronic comparator 

 

 

1) It has less number of movingparts. 

2) Magnification obtained is veryhigh. 
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3) Two or more magnifications are provided in the same instrument to usevarious 

ranges. 

4) The pointer is made very light so that it is more sensitive tovibration. 

5) The instrument is verycompact. 

 

 

 Disadvantages of Electrical and Electroniccomparator 

1) External agency is required to meter foractuation. 

2) Variation of voltage or frequency may affect the accuracy ofoutput. 

3) Due to heating coils, the accuracydecreases. 

4) It is more expensive than mechanicalcomparator. 

 

 

SINE BAR 

Sine bars are always used along with slip gauges as a device for themeasurement 

of angles very precisely. They are usedto 

1) Measure angles veryaccurately. 

2) Locate the work piece to a given angle with very highprecision. 

Generally,sinebarsaremadefromhighcarbon,highchromium,andcorrosion 

resistantsteel.Thesematerialsarehighlyhardened,groundandstabilized.Insinebars, two 

cylinders of equal diameter are attached at lie ends with its axes are mutuallyparallel 

toeachother.Theyarealsoatequaldistancefromtheuppersurfaceofthesinebar mostly the 

distance between the axes of two cylinders is 100mm, 200mm or 300mm.The 

workingsurfacesoftherollersarefinishedto0.2µmRvalue.Thecylindricalholesare provided 

to reduce the weight of the sinebar. 
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Working principle of sinebar 
 

 

 

 

Theworkingofsinebarisbasedontrigonometryprinciple.Tomeasurethe 

angleofagivenspecimen,onerollerofthesinebarisplacedonthesurfaceplateand 

anotheronerollerisplacedoverthesurfaceofslipgauges.Now,‘hbetheheightofthe slip gauges 

and ‘L’ be the distance between roller centers, then the angle is calculatedas 

 

Use of SineBar 
 

 

Locating any’ work to a givenangle 
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1) Before checking the unknown angle of the specimen, first the angle (0) ofgiven 

specimen is found approximately by bevelprotractor. 

2) Then the sine bar is set at angle of 0and 

clamped on the angleplate. 

3) Now,theworkisplacedonthesinebarand 

thedialindicatorsetatoneendoftheworkis moved 

across the work piece and deviationis noted. 

4) Slip gauges are adjusted so that thedial 

indicator reads zero throughout the worksurface. 

 

Limitations of sinebars 

1) Sine bars are fairly reliable for angles than15°. 

2) It is physically difficult to hold inposition. 

3) Slight errors in sine bar cause larger angularerrors. 

4) A difference of deformation occurs at the point of roller contact withthe 

surface plate and to the gaugeblocks. 

5) The size of parts to be inspected by sine bar islimited. 

Sources of error in sinebars 

The different sources of errors are listedbelow: 

1) Error in distance between rollercenters. 

2) Error in slip gauge combination. 

3) Error in checking ofparallelism. 

4) Error in parallelism of roller axes with eachother. 

5) Error in flatness of the upper surface of sinebar. 

BEVELPROTRACTORS 

Bevel protractors are nothing but angular measuringinstruments. 

Types of bevelprotractors: 

The different types of bevel protractors usedare: 
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1) Vernier bevelprotractor 

2) Universalprotractor 

3) Opticalprotractor 

 

 

VERNIER BEVELPROTRACTOR: 

 

 

Workingprinciple 

A vernier bevel protractor isattached 

with acute angle attachment. The bodyis 

designed its back is flat and noprojections 

beyond its back. The base plate is attachedto 

the  main  body  and  an  adjustable  blade   is 

attached to the circular plate containing Vernier scale. The main scale is graduatedin 

degrees from 0° to 90° in both the directions. The adjustable can be made to rotatefreely 

aboutthecenterofthemainscaleanditcanbelockedatanyposition.Formeasuring 

acuteangle,aspecialattachmentisprovided.Thebaseplateismadefiatformeasuring 

anglesandcanbemovedthroughoutitslength.Theendsofthebladearebeveledat 

anglesof45°and60°.Themainscaleisgraduatedasonemainscaledivisionis1°and 

Vernierisgraduatedinto12divisionsoneachsideofzero.Thereforetheleastcountis 

calculatedas 

 

Thus, the bevel protractor can be used to measure to an accuracy of 5minutes. 
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Applications of bevelprotractor 

The bevel protractor can be used in the followingapplications. 

 

 

1. For checking a ‘V’ block: 
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AUTO-COLLIMATOR 

 

 

Auto-collimator is an optical instrument used for the measurement ofsmall 

angular differences, changes or deflection, plane surface inspection etc. For smallangular 

measurements, autocollimator provides a very sensitive and accurate approach. Anauto- 

collimator is essentially an infinity telescope and a collimator combined intoone 

instrument. 

 

 

 

 

 

 

 

 

 
Basic principle 

 

 

If  a light source is placed   in 

theflowsofacollimatinglens,itisprojectedasaparallelbeamoflight.Ifthisbeamis made to 

strike a plane reflector, kept normal to the optical axis, it is reflected backalong its own 

path and is brought to the same focus. The reflector is tilted through a smallangle 

‘0’.Thentheparallelbeamisdeflectedtwicetheangleandisbroughttofocusinthe same plane as 

the lightsource. 

 

The distance of focus from the object isgiven 

 

 

 
by 
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WORKING OFAUTO-COLLIMATOR: 

There are three main parts inauto-collimator. 

1. Micrometermicroscope. 

2. Lighting unitand 

3. Collimatinglens. 

Figureshowsalinediagramofamodernauto-collimator.Atargetgraticuleis positioned 

perpendicular to the optical axis. When the target graticule is illuminated bya lamp, rays 

of light diverging from the intersection point reach the objective lens viabeam splitter. 

From objective, the light rays are projected as a parallel rays to thereflector. 

 

 

Aflatreflectorplacedinfrontoftheobjectiveandexactlynormaltotheoptical axis 

reflects the parallel rays of light back along their original paths. They arethen brought to 

the target graticule and exactly coincide with its intersection. A portion ofthe returned 

light passes through the beam splitter and is visible through the eyepiece. Ifthe 

reflectoristiltedthroughasmallangle,thereflectedbeamwillbechangeditspathat 

twicetheangle.Itcanalsobebroughttotargetgraticulebutlinearlydisplacedfromthe actual 

target by the amount 2θ x f. linear displacement of the graticule image in theplane 
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tilted angle of eyepiece is directly proportional to the reflector. This can be measuredby 

optical micrometer. The photoelectric auto- collimator is particularly suitablefor 

calibrating polygons, for checking angular indexing and for checking smalllinear 

displacements. 

 

APPLICATIONS OFAUTO-COLLIMATOR 

Auto-collimators are usedfor 

1) Measuring the difference in height of lengthstandards. 

2) Checking the flatness and straightness ofsurfaces. 

3) Checking square ness of twosurfaces. 

4) Precise angular indexing in conjunction withpolygons. 

5) Checking alignment orparallelism. 

6) Comparative measurement using masterangles. 

7) Measurement of small lineardimensions. 

8) For machine tool adjustmenttesting. 

 

 

ANGLEDEKKOR 

 

 

Thisisalsoatypeofauto-collimator.Thereisanilluminatedscaleinthefocal plane of the 

collimating lens. This illuminated scale is projected as a parallel beam bythe collimating 

lens which after striking a reflector below the instrument is refocused bythe 

lensinthefiledofviewoftheeyepiece.Inthefieldofviewofmicroscope,thereis another datum 

scale fixed across the center of screen. The reflected image ofthe 

illuminatedscaleisreceivedatrightangletothefixedscaleasshowninfig.Thusthe changes in 

angular position of the reflector in two planes are indicated by changes inthe 

pointofintersectionofthetwoscales.Onedivisiononthescaleiscalibratedtoread1 minute. 
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Uses of AngleDekkor 

 

(i) Measuring angle of acomponent 

 

 

Angle dekkor is capable of measuring small variations in angular settingi.e. 

determining angular tilt. Angle dekkor is used in combination with angle gauge. Firstthe 

angle gauge combination is set up to the nearest known angle of the component. Nowthe 

angledekkorissettozeroreadingontheilluminatedscale.Theanglegaugebuildupis 

thenremovedandreplacedbythecomponentundertest.Usuallyastraightedgebeing 

usedtoensurethatthereisnochangeinlateralpositions.Thenewpositionofthe reflected scale 

with respect to the fixed scale gives the angular tilt of the componentfrom the setangle. 
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(ii) Checking the slope angle of aV-block 

 

 

Figure shows the set up forchecking 

the sloping angle of V block. Initially,a 

polished reflector or slip gauge is attachedin 

close contact with the work surface. Byusing 

angle gauge zero reading is obtained inthe 

angle dekkor. Then the angle maybe calculated 

by comparing the readingobtained from the 

angle dekkor and anglegauge. 

 

(iii) To measure the angle of cone or Tapergauge 

 

 

Initially,theangledekkorissetforthenominalangleofconebyusingangle gauge or sine 

bar. The cone is then placed in position with its base resting on thesurface plate. A slip 

gauge or reflector is attached on the cone since no reflection can beobtained 

fromthecurvedsurface.Anydeviationfromthesetanglewillbenotedbytheangle dekkor in the 

eyepiece and indicated by the shifting of the image of illuminatedscale. 
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QUESTIONBANK 

Part-A (2Marks) 

1. List the various linearmeasurements? 

2. What are the various types of linear measuringinstruments? 

3. List out any four angular measuring instrument used inmetrology 

4. What iscomparator? 

5. Classify the comparator according to the principles used for obtainingmagnification. 

6. How are all mechanical comparatoreffected? 

7. State the best example of a mechanicalcomparator. 

8. Define least count and mention the least count of a mechanicalcomparator. 

9. How the mechanical comparator is used? State with any oneexample. 

10. State any four advantages of reed type mechanicalcomparator. 

 

 

Part-B (16Marks) 

1. What is the constructional difference between an autocollimator and an angledekkor. 

2. Explain with the help of neat sketches, the principle and construction of anauto- 

collimator 

3. What types of measuring systems are used for lineardistance? 

4. Explain the working principle of mechanical comparator with a neatsketch. 

5. Explain the working principle of Electrical comparator with a neatsketch 

6. Explain the working principle of pneumatic comparator with a neatsketch 

7. Explain with the help of neat sketches, the principle and construction of an Angledekkor. 

8. Explain the precautionary measures one shall follow at various stages of usingslip 

gauges. Explain the process of ‘Wringing’ in slip gauges. Explain why sine bars arenot 

suitable for measuring angles above 45degrees. 

9. Describe the method of checking the angle of a taper plug gauge usingrollers, micrometer 

and slipgauges, 

10. State and explain the “Taylor’s principle of gaugedesign’. 
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11. Explain the working principle of autocollimator and briefly explain itsapplication 

12. Describe with the help of a near sketch, a vernier bevelprotractor. 

13.Shafts of 75± 0.02 mm diameter are to be checked by the help of a Go, Not Gosnap 

gauges. Design the gauge, sketch it and show its Go size and Not Go sizedimensions. 

Assume normal wear allowance and gauge maker’stolerance. 
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TECHNICAL TERMS  

• Pitch  

It is the distance measured parallel to the screw threads axis between the 

corresponding points on two adjacent threads in the same axial plane. The basic pitch is 

equal to the lead divided by the number of thread starts.  

• Lead:  

The axial distance advanced by the screw in one revolution is the lead.  

• Addendum  

Radial distance between the major and pitch cylinders for external thread. Radial 

distance between the minor and pitch cylinder for internal thread.  

• Dedendum  

It is the radial distance between the pitch and minor cylinders for external thread.   

Also radial distance between the major and pitch cylinders for internal thread.  

• Pressure angle (a)  

It is the angle making by the line of action with the common tangent to the pitch 

circles of mating gears.  

• Module(m)  

It is the ratio of pitch circle diameter to the total number of teeth  

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Srividya college of engineering and technology  course 
materials  

 

 

   ME6504 & Metrology And Measurement        3. 3  

  

• Lead angle  

It is the angle between the tangent to the helix and plane perpendicular to the axis 

of cylinder.  

• Straightness   

A line is said to be straight over a given length, if the variation of the distance of 

its from two planes perpendicular to each other and parallel to the general direction of the 

line remains within the specified tolerance limits  

• Roundness Roundness is defined as a condition of a surface of revolution. Where all 

points of the surface intersected by any plane perpendicular to a common axis in case of 

cylinder and cone.  

 

3.1  INTRODUCTION  

Threads are of prime importance, they are used as fasteners. It is a helical groove, 

used to transmit force and motion. In plain shaft, the hole assembly, the object of 

dimensional control is to ensure a certain consistency of fit. The performance of screw 

threads during their assembly with nut depends upon a number of parameters such as the 

condition of the machine tool used for screw cutting, work material and tool.  

• Form measurement includes  

• Screw thread measurement  

• Gear measurement  
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• Radius measurement  

• Surface Finish measurement  

• Straightness measurement  

• Flatness and roundness measurements  

3.1.1 Screw Thread Measurement  

Screw threads are used to transmit the power and motion, and also used to fasten 

two components with the help of nuts, bolts and studs. There is a large variety of screw 

threads varying in their form, by included angle, head angle, helix angle etc. The screw 

threads are mainly classified into 1) External thread 2) Internal thread.  

                

  Fig 3.1 External Thread  Fig 3.2 Internal Thread   

3.1.2 Screw Thread Terminology  

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Srividya college of engineering and technology  course 
materials  

 

 

   ME6504 & Metrology And Measurement        3. 5  

  

  

Fig 3.3 Screw Thread  

• Pitch  

It is the distance measured parallel to the screw threads axis between the 

corresponding points on two adjacent threads in the same axial plane. The basic 

pitch is equal to the lead divided by the number of thread starts.  

• Minor diameter:   

It is the diameter of an imaginary co-axial cylinder which touches the roots 

of external threads.   

• Major diameter:  

It is the diameter of an imaginary co-axial cylinder which touches the 

crests of an external thread and the root of an internal thread.  

• Lead:  

The axial distance advanced by the screw in one revolution is the lead.  

• Pitch diameter:  
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It is the diameter at which the thread space and width are equal to half of 

the screw thread  

• Helix angle:   

It is the angle made by the helix of the thread at the pitch line with the 

axis. The angle is measured in an axial plane.  

• Flank angle:  

It is the angle between the flank and a line normal to the axis passing 

through the apex of the thread.  

• Height of thread:  

It is the distance measured radially between the major and minor diameters 

respectively  

• Addendum:  

Radial distance between the major and pitch cylinders for external thread.  

Radial distance between the minor and pitch cylinder for internal thread.  

• Dedendum:  

It is the radial distance between the pitch and minor cylinders for external 

thread.  Also radial distance between the major and pitch cylinders for internal 

thread.  

3.1.3 Error in Thread  

The errors in screw thread may arise during the manufacturing or storage of 

threads. The errors either may cause in following six main elements in the thread. 1) 

Major diameter error  
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2) Minor diameter error  

3) Effective diameter error  

4) Pitch error  

5) Flank angles error  

6) Crest and root error   

1) Major diameter error  

It may cause reduction in the flank contact and interference with the matching 

threads.  

2) Minor diameter error  

It may cause interference, reduction of flank contact.  

3) Effective diameter error  

If the effective diameter is small the threads will be thin on the external screw and 

thick on an internal screw.  

4) Pitch errors  

If error in pitch, the total length of thread engaged will be either too high or too 

small.  

The various pitch errors may classified into  

1. Progressive error  

2. Periodic error  

3. Drunken error  

4. Irregular error  

1) Progressive error  
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The pitch of the thread is uniform but is longer or shorter its nominal value and 

this is called progressive.  

Causes of progressive error:   

1. Incorrect linear and angular velocity ratio.  

2. In correct gear train and lead screw.  

3. Saddle fault.  

4. Variation in length due to hardening.  

  

Fig 3.4 Progressive Error  

2) Periodic error  

These are repeats itself at regular intervals along the thread Causes 

of periodic error:  

1. Un uniform tool work velocity ratio.  

2. Teeth error in gears.  

3. Lead screw error.  

4. Eccentric mounting of the gears.  

3) Drunken error  
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Drunken errors are repeated once per turn of the thread in a drunken thread. In 

Drunken thread the pitch measured parallel to the thread axis. If the thread is not cut to 

the true helix the drunken thread error 

will form  

  

  

 

Fig 3.5 DrunkenError  

4) Irregular errors  

It is vary irregular manner along the length of the thread.  

Irregular error causes:  

1. Machine fault.  

2. Non-uniformity in the material.  

3. Cutting action is not correct.  

4. Machining disturbances.  

  

Effect of pitch errors  

• Increase the effective diameter of the bolt and decreases the diameter of nut.  

• The functional diameter of the nut will be less.  

• Reduce the clearance.  

• Increase the interference between mating threads.  
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3.1.4 Measurement of various elements of Thread  

To find out the accuracy of a screw thread it will be necessary to measure the following:  

1. Major diameter.  

2. Minor diameter.  

3. Effective or Pitch diameter.  

4. Pitch  

5. Thread angle and form  

1. Measurement of major diameter:  

The instruments which are used to find the major diameter are by  

• Ordinary micrometer  Bench micrometer.  

• Ordinary micrometer  

The ordinary micrometer is quite suitable for measuring the external major 

diameter. It is first adjusted for appropriate cylindrical size (S) having the same diameter  

(approximately).This process is known as ‘gauge setting’. After taking this reading ‘R the 

micrometer is set on the major diameter of the thread, and the new reading is ‘R2.  

• Bench micrometer  

For getting the greater accuracy the bench micrometer is used for measuring the 

major diameter. In this process the variation in measuring Pressure, pitch errors are being 

neglected. The fiducial indicator is used to ensure all the measurements are made at same 

pressure. The instrument has a micrometer head with a vernier scale to read the accuracy 

of 0.002mm. Calibrated setting cylinder having the same diameter as the major diameter 
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of the thread to be measured is used as setting standard. After setting the standard, the 

setting cylinder is held between the anvils and the reading is taken. Then the cylinder is 

replaced by the threaded work piece and the new reading is taken.  

  Fig 3.6 Bench Micrometer  

  

  

 Measurement of the major diameter of an Internal thread  

The Inter thread major diameter is usually measured by thread comparator fitted 

with ball-ended styli. First the Instrument is set for a cylindrical reference having the 

same diameter of major diameter 

of internal thread and the reading is 

taken. Then the floating head is 

retracted to engage the tips of the styli  

at the root of spring under pressure. For that the new reading is taken,  
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2. Measurement of Minor diameter  

The minor diameter is measured by a comparative method by using floating 

carriage diameter measuring machine and small V pieces which make contact with the 

root of the thread. These V pieces are made in several sizes, having suitable radii at the 

edges. V pieces are made of hardened steel. The floating carriage diameter-measuring 

machine is a bench micrometer mounted on a carriage.  

  

Fig 3.7 Measurement of Minor diameter  

• Measurement process  

The threaded work piece is mounted between the centers of the instrument and the 

V pieces are placed on each side of the work piece and then the reading is noted. After 

taking this reading the work piece is then replaced by a standard reference cylindrical  
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• Measurement of Minor diameter of Internal threads  

The Minor diameter of Internal threads are measured by  

1. Using taper parallels  

2. Using Rollers.  

 Using taper parallels  

For diameters less than 200mm the use of 

Taper parallels and micrometer is very common. 

The taper parallels are pairs of wedges having 

reduced and parallel outer edges. The diameter 

across their 

outer edges 

can be 

changed by 

sliding 

them over 

each other.  

Fig 3.8 Taper parallels  

set ting gauge.     

  

  

  

  

  

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Srividya college of engineering and technology  course 
materials  

 

 ME6504 & Metrology And Measurement       3. 14  

  

1. O
ne wire,  

2. Two wires, or  

3. Three wires method.  

4. Micrometer method.   

a) One wire method   

The only one wire is used in this method. 

The wire is placed between two threads at one 

side and on the other side the anvil of the 

measuring micrometer contacts the crests. First 

the micrometer reading dl is noted on a standard 

gauge whose dimension is approximately same 

to be obtained by this method.   

  

  

  

  

  

  

  

  
Fig 3.10 One wire method  

 

 Using rollers  

For more than 20mm diameter this 

method is  

used. Precision rollers are inserted inside 

the thread and proper slip gauge is inserted 

between the rollers. The minor diameter is 

then the length of slip gauges  

plus twice the diameter of roller.  Fig 3.9 Roller gauge  

3. Measurement of effective diameter  

Effective diameter measurement is carried out by following methods.  
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b) Two wire method  

Two - the  method  wire  measuring  of  

effecti diameter  of  a  screw  thread  is  given  ve  

below. In this method wires of suitable size are  

placed between the standard and the micrometer  

anvils. First the micrometer reading is taken and  

let it be R. Then the standard is replaced by the  

screw thread to be me asured and the new reading  

is taken.    

  

  

  

      

      

    

  

  

Fig 3.11 Two Wire M ethod   
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c) Three-Wire method  

The three-wire method is the 

accurate method. In this method three wires 

of equal and precise diameter are placed in 

the groves at opposite sides of the screw. In 

this one wire on one side and two on the 

other side are used. The wires either may 

held in hand or hung from a stand. This Fig 

3.12 Three-
Wire Method

 method ensures the alignment of micrometer anvil faces 

parallel to the thread axis.   
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• BEST WIRE SIZE-DEVIATION  

Best wire diameter is that may contact with the flanks of the thread on the 

pitch line. The figure shows the wire makes contact with the flanks of the thread on 

the pitch.  

Hence best wire diameter,  

       

4. Pitch measurement  

The most commonly used methods for measuring the pitch are  

1. Pitch measuring machine  

2. Tool maker’s microscope  

3. Screw pitch gauge  

• Pitch measuring machine  

The principle of the method of measurement is to move 

the stylus along the screen parallel to the axis from one space to 

the next. The pitch-measuring machine provides a relatively 

simple and accurate method of measuring the pitch. Initially the 

micrometer reading is near the zero on the scale, the indicator is 

moved along to bring the stylus, next the indicator adjusted  

radially until the stylus engages between the thread flank and   Fig 3.13 Pitch  

Measuring 

Machine the pointer ‘K’ is opposite in the line L. To bring T in opposite  
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in its index mark a small movement is necessary in the micrometer and then the 

reading is taken next. The stylus is moved along into the next space by rotation of the 

micrometer and the second reading is taken. The difference between these 

twomeasured readings is known 

as the pitch of the thread.  

  

 Tool makers microscope  

  

Working  

Worktable is placed on the 

base of the base of the instrument. 

The optical head is mounted on a 

vertical column it can be moved up and down. Work piece is mounted on a glass plate. A 

light source  

provides horizontal beam of light Fig 3.14 Tool Makers Microscope which is reflected from 

a mirror by  

900 upwards towards the table. Image of the outline contour of the work piece passes 

through the objective of the optical head. The image is projected by a system of three 

prisms to a ground glass screen. The measurements are made by means of cross lines 

engraved on the ground glass screen. The screen can be rotated through 360°. Different 

types of graduated screens and eyepieces are used.  

 Applications o Linear 

measurements.  

o Measurement of pitch of the screw. o 

Measurement of pitch diameter. o 

Measurement of thread angle.  
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o Comparing thread forms.  

o Centre to center distance measurement. o 

Thread form and flank angle measurement  

  

  

  

  

  

 Thread form and flank angle measurement  

The optical projections are used to check the thread form and angles in the 

thread. The projectors equipped with work holding fixtures, lamp, and lenses. The 

light rays from the lens are directed into the cabinet and prisons and mirrors. The 

enlarged image of thread is drawn. The ideal and actual forms are compared for 

the measurement.  

  

3.2  GEAR MEASUREMENT  

3.2.1 Introduction  

Gear is a mechanical drive which transmits power through toothed wheel. In this 

gear drive, the driving wheel is in direct contact with driven wheel. The accuracy of 

gearing is the very important factor when gears are manufactured. The transmission 

efficiency is almost 99 in gears. So it is very important to test and measure the gears 

precisely. For proper inspection of gear, it is very important to concentrate on the raw 

materials, which are used to manufacture the gears, also very important to check the 

machining the blanks, heat treatment and the finishing of teeth. The gear blanks should be 

tested for dimensional accuracy and tooth thickness for the forms of gears. The most 

commonly used forms of gear teeth are  

1. Involute  

2. Cycloidal  
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The involute gears also called as straight tooth or spur gears. The cycloidal 

gears are used in heavy and impact loads. The involute rack has straight teeth. The 

involute pressure angle is either 20° or 14.5°.  

3.2.2 Types of gears  

1. Spur gear  

Cylindrical gear whose tooth traces is straight line. These are used for 

transmitting power between parallel shafts.  

2. Spiral gear  

The tooth of the gear traces curved lines.  

3. Helical gears  

These gears used to transmit the power between parallel shafts as well as 

nonparallel and non-intersecting shafts. It is a cylindrical gear whose tooth traces is 

straight line.  

4. Bevel gears:  

The tooth traces are straight-line generators of cone. The teeth are cut on the 

conical surface. It is used to connect the shafts at right angles.  

5. Worm and Worm wheel:  

It is used to connect the shafts whose axes are non-parallel and non-intersecting.  

6. Rack and Pinion:  

Rack gears are straight spur gears with infinite radius.  

  

3.2.3 Gear terminology  

1. Tooth profile  

It is the shape of any side of gear tooth in its cross section.  

2. Base circle  

It is the circle of gear from which the involute profile is derived. Base circle 

diameter Pitch circle diameter x Cosine of pressure angle of gear  
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3. Pitch circle diameter (PCD)  

The diameter of a circle which will produce the same motion as the toothed gear 

wheel.  

4. Pitch circle  

It is the imaginary circle of gear that rolls without slipping over the circle of its 

matiug gear.  

5. Addendum circle  

The circle coincides with the crests (or) tops of teeth.  

6. Dedendum circle (or) Root circle  

This circle coincides with the roots (or) bottom on teeth.  

7. Pressure angle (a)  

It is the angle making by the line of action with the common tangent to the pitch 

circles of mating gears.  

8. Module(m)  

It is the ratio of pitch circle diameter to the total number of teeth. Where,    d = 

Pitch circle diameter. n = Number f teeth.  

9. Circular pitch  

It is the distance along the pitch circle between corresponding points of adjacent 

teeth.  

10. Addendum  

Radial distance between tip circle and pitch circle. Addendum value = 1 module.  

11 Dedendum  

Radial distance between itch circle and root circle,  Dedendum 

value = 1 .25module.  

12. Clearance (C)  

Amount of distance made by the tip of one gear with the root of mating gear.  
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Clearance = Difference between Dedendum and addendum values.  

13. Blank diameter:   

The diameter of the blank from which gear is out. Blank diameter = PCD + 2m  

14. Face:  

Part of the tooth in the axial plane lying between tip circle and pitch circle.  

15. Flank:  

Part of the tooth lying between pitch circle and root circle.  

16. Top land:  

Top surface of a tooth.  

17. Lead angle  

The angle between the tangent to the helix and plane perpendicular to the axis of 

cylinder.  

18. Backlash:  

The difference between the tooth thickness and the space into which it meshes. If  

 

  

3.2.4 Gear errors  

1. Profile error: - The maximum distance of any point on the tooth profile form 

to the design profile.  

we assume the t ooth thickness as t and width ‘ t then    

  

  

  

  

  

  

  
Fig 3.15  Gear Profile   
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2. Pitch error: - Difference between actual and design pitch  

3. Cyclic error: - Error occurs in each revolution of gear  

4. Run out: - Total range of reading of a fixed indicator with the contact points 

applied to a surface rotated, without axial movement, about a fixed axis.  

5. Eccentricity: - Half the radial run out  

6. Wobble: - Run out measured parallel to. the axis of rotation at a specified 

distance from the axis  

7. Radial run out: - Run out measured along a perpendicular to the axis of 

rotation.  

8. Undulation: - Periodical departure of the actual tooth surface from the design 

surface.  

9. Axial run out: - Run out measured parallel to the axis of rotation at a speed.  

10. Periodic error: -Error occurring at regular intervals.  

  

3.2.5 Gear Measurement  

The Inspection of the gears consists of determine the following elements in which 

manufacturing error may be present.  

1. Runout.  

2. Pitch  

3. Profile  

4. Lead  

5. Back lash  

6. Tooth thickness  

7. Concentricity  

8. Alignment  

1. Runout:  
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It means eccentricity in the pitch circle. It will give periodic vibration during each 

revolution of the gear. This will give the tooth failure in gears. The run out is measured 

by means of eccentricity testers. In the testing the gears are placed in the mandrel and the 

dial indicator of the tester possesses special tip depending upon the module of the gear 

and the tips inserted between the tooth spaces and the gears are rotated tooth by tooth and 

the variation is noted from the dial  indicator.  

2. Pitch measurement:  

There are two ways for measuring the pitch.  

1. Point to point measurement (i.e. One tooth point to next toot point) 2. 

Direct angular measurement  

   1. Tooth to Tooth measurement  

  

  

  

  

  

  

  

 Fig 3.16 Tooth to tooth measurement  

  

The instrument has three tips. One is fixed measuring tip and the second is 

sensitive tip, whose position can be adjusted by a screw and the third tip is 

adjustable or guide stop. The distance between the fixed and sensitive tip is 

equivalent to base pitch of the gear. All the three tips are contact the tooth by 

setting the instrument and the reading on the dial indicator is the error in the base 

pitch.  
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2. Direct Angular Measurement  

It is the simplest method for measuring the error by using set dial gauge 

against a tooth. in this method the position of a suitable point on a tooth is 

measured after the gear has been indexed by a suitable angle. If the gear is not 

indexed through the angular pitch the reading differs from the original reading.  

The difference between these is the cumulative pitch error.  

  

3. Profile checking  

The methods used for profile checking is  

1. Optical projection method.  

2. Involute measuring machine.  

  

  

  

1. Optical projection method:  

The profile of the gear projected on the screen by optical lens and 

then projected value is compared with master profile.  

2. Involute measuring machine:  

  

Fig 3.17 Involute Measuring Machine  

In this method the gear is held on a mandrel and circular disc of 

same diameter as the base circle of gear for the measurement is fixed on 

the mandrel. After fixing the gear in the mandrel, the straight edge of the 

instrument is brought in contact with the base circle of the disc. Now, the 
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gear and disc are rotated and the edge moves over the disc without sleep. 

The stylus moves over the tooth profile and the error is indicated on the 

dial gauge.  

4. Lead checking:  

It is checked by lead checking instruments. Actually lead is the axial 

advance of a helix for one complete turn. The lead checking instruments are 

advances a probe along a tooth surface, parallel to the axis when the gear rotates.  

5. Backlash checking:  

Backlash is the distance through which a gear can be rotated to bring its 

nonworking flank in contact with the teeth of mating gear. Numerical values of 

backlash are measured at the tightest point of mesh on the pitch circle. There are 

two types of backlash  

1. Circumferential backlash  

2. Normal backlash  

The determination of backlash is, first one of the two gears of the pair is 

locked, while other is rotated forward and backward and by the comparator the 

maximum displacement is measured. The stylus of comparator is locked near the 

reference cylinder and a tangent to this is called circular backlash.  

  

6. Tooth thickness measurement:  

Tooth thickness is generally measured at pitch circle and also in most 

cases the chordal thickness measurement is carried out i.e. the chord joining the 

intersection of the tooth profile with the pitch circle.  

The methods which are used for measuring the gear tooth thickness is 

a) Gear tooth vernier caliper method (Chordal thickness method)  

b) Base tangent method.  

c) Constant chord method.  
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d) Measurement over pins or balls.  

  

a) Gear tooth vernier method  

In gear tooth vernier method the thickness is measured at the pitch line. 

Gear tooth thickness varies from the tip of the base circle of the tooth, and the 

instrument is capable of measuring the thickness at a specified position on the 

tooth. The tooth vernier caliper consists of vernier scale and two perpendicular 

arms. In the two perpendicular arms one arm is used to measure the thickness and 

other arm is used to measure the depth. Horizontal vernier scale reading gives 

chordal thickness (W) and vertical vernier scale gives the chordal addendum. 

Finally the two values compared.  

The theoretical values of W and d can be found out by considering one 

tooth in the gear and it can be verified. In fig noted that w is a chord ADB and 

tooth thickness is specified by AEB. The distance d is noted and adjusted on 

instrument and it is slightly greater than addendum CE.  
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Vernier method like the chordal thickness and chordal addendum are 

dependent upon the number of teeth. Due to this for measuring large number of 

gears different calculations are to be made for each gear. So these difficulties are 

avoided by this constant chord method. b) Measurement over Rolls or balls  

A very good and convenient method for measuring thickness of gear. In 

this method two or three different size rollers are used for checkup the vibrations 

at several places on the tooth.    

7. Measurement of concentricity  

In setting of gears the centre about which the gear is mounded should be 

coincident with the centre from which the gear is generated. It is easy to check the 

concentricity of the gear by mounting the gear between centres and measuring the  
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variation in height of a roller placed between the successive teeth. Finally the 

variation in reading will be a function of the eccentricity present.  

  

8. Alignment checking  

It is done by placing a parallel bar between the gear teeth and the gear 

being mounted between centres. Finally the readings are taken at the two ends of 

the bar and difference in reading is the misalignment.  

3.3.6  Parkinson Gear Tester  

Working principle  

The master gear is fixed on vertical spindle and the gear to be tested is fixed on 

similar spindle which is mounted on a carriage. The carriage which can slide either side 

of these gears are maintained in mesh by spring pressure. When the gears are rotated, the 

movement of sliding carriage is indicated by a dial indicator and these variations arc is 

measure of any irregularities. The variation is recorded in a recorder which is fitted in the 

form of a waxed circular chart. In the gears are fitted on the mandrels and are free to 

rotate without clearance and the left mandrel move along the table and the right mandrel 

move along the spring-loaded carriage.  

  

Fig 3.18 Parkinson Gear Tester  
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The two spindles can be adjusted so that the axial distance is equal and a scale is 

attached to one side and vernier to the other, this enables center distance to be measured 

to within 0.025mm. If any errors in the tooth form when gears are in close mesh, pitch or  

concentricity of pitch line will cause a variation in center distance from this movement of 

carriage as indicated to the dial gauge will show the errors in the gear test. The recorder 

also fitted in the form of circular or rectangular chart and the errors are recorded.  

 Limitations of Parkinson gear tester:  

1. Accuracy±0.001mm  

2. Maximum gear diameter is 300mm  

3. Errors are not clearly identified:  

4. Measurement dependent upon the master gear.  

5. Low friction in the movement of the floating carriage.  

3.4  RADIUS MEASUREMENT  

In radius measurement we are going see about two methods namely. 1 Radius 

of circle and  

2. Radius of concave surface  

1. Radius of circle  

This radius measurement requires the 

use of vernier caliper, C- Clamp, surface plate 

and two pins. This method is very much use  

in measuring the cap of bearing. Initially the  Fig 3.19 Radius Measurement job is 

fixed on surface plate with the help of  

C-clamp. So that the central position of the circular part is touch with the surface plate. 

Next the two balls are placed on both side of the work and using the vernier caliper 

readings are taken.  
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Let, R = Radius of job, I = The reading between two balls  

  

 

  

  

  

2. Radius of concave surface   

Here there are two methods  

 Edges are well defined.  

 Edges are rounded up  

 Edges are well defined  

In this method radius is calculated by using surface plate, height 

gauge, angle plate,C-clamp and slip gauges. First the Job placed on the 

surface plate and then by using depth micrometer the depth is measured and it 

is h. Next in such a way that cavity is resting against an angle plate and the 

part is clamped in this position. By using a height gauge edge to edge size of 

hole is measured and this is 
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diameter of d.   

  

 

 
  

When cavities are rounded up the radius is measured by depth 

micrometer and slip gauges. First the width of the micrometer is measured by 

slip gauges and it is let ‘ d’. Then it is placed in the cavity and measuring tip 

is lowered down to touches the base. From this condition the reading is noted 

and it be h and the radius is measured by using the formula  

  

  

  

  

2) Edges are rounded up  

  

When cavities are rounded up the radius is measured by depth 

micrometer and slip gauges. First the 

width of the micrometer is measured by 

slip gauges and it is let ‘d’. Then it is 

placed in the cavity and measuring tip is 

lowered down to touches the base. From 

this condition the reading is noted and it 

be h and the radius is measured by using 

the formula   

  

  

  

  

  

  

  

Fig 3.20 Radius of Concave  
surface   
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 Fig 3.21 Edges round up  
  

  

  

  

3.5  SURFACE FINISH MEASUREMENT  

3.5.1 Introduction  

When we are producing components by various methods of manufacturing 

process it is not possible to produce perfectly smooth surface and some irregularities 

are formed. These irregularities are causes some serious difficulties in using the 

components. So it is very important to correct the surfaces before use. The factors 

which are affecting surface roughness are  

1. Work piece material  

2. Vibrations  

3. Machining type  

4. Tool and fixtures  

The geometrical irregularities can be classified as  

1. First order  

2. Second order  

3 Third order  

4. Fourth order  

  

  

  

  

1. First order irregularities  

These are caused by lack of straightness of guide ways on which tool must 

move.  

2. Second order irregularities  

These are caused by vibrations  
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3. Third order irregularities  

These are caused by machining.  

4. Fourth order irregularities  

These are caused by improper handling machines and equipments.   

  

3.5.2 Elements of surface texture  

1. Profile: - Contour of any section through a surface.  

2. Lay: - Direction of the ‘predominate surface pattern’  

3. Flaws: - Surface irregularities or imperfection, which occur at infrequent intervals.  

4. Actual surface: - Surface of a part which is actually obtained, 5. Roughness: - Finely 

spaced irregularities. It is also called primary 

texture.  

6. Sampling lengths: - Length of profile necessary for 

the evaluation of the irregularities.  

7. Waviness: - Surface irregularities which are of 

greater spacing than roughness.  

8. Roughness height: - Rated as the arithmetical Fig 3.22 Surface Texture average 

deviation.  

9. Roughness width: - Distance parallel to the normal surface between successive peaks.  

10. Mean line of profile: - Line dividing the effective profile such that within the 

sampling length.  

11. Centre line of profile: - Line dividing the effectiveness profile such that the areas 

embraced b profile above and below the line are equal.  
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3.5.3 Analysis of surface finish  

The analyses of surface finish being carried out by  

1. The average roughness method.  

2. Peak to valley height method  

3. From factor  

1. Average roughness measurement  

The assessment of average roughness is carried out by  

a Centre line average 

(CLA). b Root mean 

square (RMS) c Ten 

point method  

a. C.L.A. method  

The surface roughness is measured as the average deviation from the  

 

The roughness is measured as the average deviation from the nominal 

surface. Let, h1,h2, ... are the heights of the ordinates and L is the sampling length  

nominal surface.   

  

  

  

  

  

  

  

  

b. R.M.S. method   
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c. Ten point height method  

The average difference between five highest peaks and five lowest valleys of 

surface is taken and irregularities are calculated by   

 

 

  

2. Peak to valley height method  

Peak to valley height measures the maximum depth of the surface 

irregularities over a given sample length and largest value of the depth is accepted for 

the measurement.  

Here, = Maximum peak to valley height in one sampling lengths.  

R = Maximum peak to valley height  

V=Valley  

P = Peak  
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Here, R is the maximum peak to valley height within the assessment length 

and the disadvantages of R, and is only a single peak or valley which gives the value 

is not a true picture of the actual profile of the surface  

  

  

  

3. Form factor  

It is obtained by measuring the area of material above the arbitrarily chosen base 

line in the section and the area of the enveloping rectangle.  

  
   

  Fig 3.23 Form factor  

  

   

  

3.5.4 Methods of measuring surface finish  

The methods used for measuring the surface finish is classified into  

1. Inspection by comparison 2. 

Direct Instrument 

Measurements  
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1. Inspection by comparison methods:  

In these methods the surface texture is assessed by observation of the surface. 

The surface to be tested is compared with known value of roughness specimen and 

finished by similar machining process.  

The various methods which are used for comparison are  

1. Touch Inspection.  

2. Visual Inspection.  

3. Microscopic Inspection.  

4. Scratch Inspection.  

5. Micro Interferometer.  

6. Surface photographs.  

7. Reflected Light Intensity.  

8. Wallace surface Dynamometer.  

  

• Touch Inspection  

It is used when surface roughness is very high and in this method the fingertip is 

moved along the surface at a speed of 25mm/second and the irregularities as up to  

0.0125mm can be detected.  

• Visual Inspection  

In this method the surface is inspected by naked eye and this measurement is 

limited to rough surfaces.  

• Microscopic Inspection  

In this method finished surface is placed under the microscopic and compared 

with the surface under inspection. The light beam also used to check the finished 

surface by projecting the light about 60° to the work.  

• Scratch Inspection:  

The materials like lead, plastics rubbed on surface are inspected by this method.  

The impression of this scratches on the surface produced is then visualized.  
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• Micro-Interferometer  

Optical flat is placed on the surface to be inspected and illuminated by a 

monochromatic source of light.  

• Surface Photographs  

Magnified photographs of the surface are taken with different types of 

illumination. The defects like irregularities are appear as dark spots and flat portion 

of the surface appears as bright.  

• Reflected light Intensity  

A beam of light is projected on the surface to be inspected and the light 

intensity variation on the surface is measured by a photocell and this measured value 

is calibrated  Wallace surface Dynamometer:  

It consists of a pendulum in which the testing shoes are clamped to a bearing 

surface and a pre determined spring pressure can be applied and then, The pendulum 

is lifted to its initial starting position and allowed to swing over the surface to be 

tested.  

  

2. Direct instrument measurements  

Direct methods enable to determine a numerical value of the surface finish of any 

surface. These methods are quantitative analysis methods and the output is used to 

operate recording or indicating instrument. Direct Instruments are operated by electrical 

principles. These instruments are classified into two types according to the operating 

principle. In this is operated by carrier-modulating principle and the other is operated by 

voltage-generating principle, and in the both types the output is amplified.  

  

Some of the direct measurement instruments are  

1. Stylus probe instruments.  

2. Tomlinson surface meter.  
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3. Profilometer.  

4. Taylor-Hobson Talysurf  

  

1. Stylus probe type instrument  

  

Principle  

When the stylus is moved over the surface which 

is to be measured, the irregularities in the surface 

texture are measured and it is used to assess the surface finish of the work piece.  

  

Working  

The stylus type instruments consist of skid, stylus, amplifying device and 

recording device. The skid is slowly moved over the surface by hand or by motor 

drive. The skid follows the irregularities of the surface and the stylus moves along 

with skid. When the stylus moves vertically up and down and the stylus movements  

are magnified, amplified and recorded to produce a trace. Then it is analyzed by 

automatic device.  

Advantage  

Any desired roughness parameter can be recorded.  

Disadvantages  

1. Fragile material cannot be measured.  

2. High Initial cost.  

3. Skilled operators are needed to operate.  

  

2. Tomlinson Surface meter  

This instrument uses mechanical-cum-optical means for magnification.  

Construction  
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In this the diamond stylus on the surface finish recorder is held by spring 

pressure against the surface of a lapped cylinder. The lapped cylinder is supported 

one side by probe and other side by rollers. The stylus is also attached to the body 

of the instrument by a leaf spring and its height is adjustable to enable the 

diamond to be positioned and the light spring steel arm is attached to the lapped 

cylinder. The spring arm has a diamond scriber at the end and smoked glass is rest 

on the arm.  

  

  

  

  

  

  

  Fig 3.24 Tomlinson Surface meter  

  

Working  

 

When measuring surface finish the body of the instrument is moved across 

the surface by a screw rotation. The vertical movement of the probe caused by the 

surface irregularities makes the horizontal lapped cylinder to roll. This rolling of 

lapped cylinder causes the movement of the arm. So this movement is induces the 

diamond scriber on smoked glass. Finally the movement of scriber together with 

horizontal movement produces a trace on the smoked glass plate and this trace is 

magnified by an optical projector.  

3. Profilometer  

It is an indicating and recording instrument to measure roughness in 

microns. The main parts of the instrument are tracer and an amplifier. The stylus 
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is mounted in the pickup and it consists of induction 

oil located in the magnet. When the stylus is moved on 

the surface to be tested, it is displaced up and down  

due to irregularities in the surface. This movement Fig 3.25 Profilometer induces 

the induction coil to move in the direction of permanent magnet and produces a 

voltage. This is amplified and recorded.  

  

4. Talyor-Hobson-Talysurf  

It is working a carrier modulating principle and it is an accurate method 

comparing with the other methods. The main parts of this instrument is diamond 

stylus (0.002mm radius) and skid  
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Principle  

The irregularities of the surface are traced by the stylus and the movement  

 

On two legs of the E-shaped stamping there are coils for carrying an A.C.  

current and these coils form an oscillator. As the armature is pivoted about the central leg 

the movement of the stylus causes the air gap to vary and thus the amplitude is modulated.   

This modulation is again demodulated for the vertical displacement of the stylus. So this 

demodulated output is move the pen recorder to produce a numerical record and to make a 

direct numerical assessment.  

  

3.6  STRAIGHTNESS MEASUREMENT  

A line is said to be straight over a given length, if the variation of the distance of its from 

two planes perpendicular to each other and parallel to the general direction of the line remains 

within the specified tolerance limits. The tolerance on the straightness of a line is defined as the 

maximum deviation in relation to the reference straight line joining the two extremities of the line 

to be checked.  

   

  Fig 3.27 Straightness Measurement  

of  the  stylus  is   converted  into  changes  in  

electric current.   

  

  

    

  

  

Working   

Fig 3.26 Talyor - Honson Instrument   
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3.6.1 Straight edge  

A straight edge is a measuring tool which consists of a length of a length of a steel of 

narrow and deep section in order to provide resistance to bending in the plane of measurement 

without excessive weight. For checking the straightness of any surface, the straight edge is placed 

over the surface and two are viewed against the light, which clearly indicate the straightness. The 

gap between the straight edge and surface will be negligibly small for perfect surfaces. 

Straightness is measured by observing the colour of light by diffraction while passing through the 

small gap. If the colour of light be red, it indicates a gap of 0.0012 to 0.0075mm. A more accurate 

method of finding the straightness by straight edges is to place it in equal slip gauges at the 

correct point for minimum deflection and to measure the uniformity of space under the straight 

edge with slip gauges.  

  

  

3.6.2 Test for straightness by using spirit level and Autocollimator  

The straightness of any surface could be determined by either of these instruments by 

measuring the relative angular positions of number of adjacent sections of the surface to be tested. 

First straight line is drawn on the surface then it is divided into a number of sections the length of 

each section being equal to the length of sprit level base or the plane reflector’ s base in case of 

auto collimator. The bases of the spirit level block or reflector are fitted with two feet so that only 

feet have line contact with the surface and the surface of base does not touch the surface to he 

tested. The angular division obtained is between the specified two points. Length of each section 

must be equal to distance between the centerlines of two feet. The special level can be used only 

for the measurement of straightness of horizontal surfaces while auto-collimator can be used on 

surfaces are any plane. In case of spirit level, the block is moved along the line equal to the pitch 
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distance between the centerline of the feet and the angular variation of the direction of block. 

Angular variation can be determined in terms of the difference of height between two points by 

knowing the least count of level and length of the base.  

  
  Fig 3.28 Straightness using Auto-Collimator    

In case of autocollimator the instrument is placed at a distance of 0.5 to 0.75m from the 

surface to be tested. The parallel beam from the instrument is projected along the length of the 

surface to be tested. A block fixed on two feet and fitted with a plane vertical reflector is placed 

on the surface and the reflector face is facing the instrument. The image of the cross wires of the 

collimator appears nearer the center of the field and for the complete movement of reflector along 

the surface straight line the image of cross wires will appear in the field of eyepiece. The reflector 

is then moved to the other end of the surface in steps equal to. The center distance between the 

feet and the tilt of the reflector is noted down in second from the eyepiece.  
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3.7  FLATNESS TESTING  

Flatness testing is possible by comparing the surface with an accurate surface. This 

method is suitable for small plates and not for large surfaces. Mathematically flatness error of a 

surface states that the departure from flatness is the minimum separation of a pair of parallel 

planes which will contain all points on the Surface. The figure which shows that a surface can be 

considered to be composed of an infinitely large number of lines. The surface will be flat only if 

all the lines are straight and they lie in the same plane. In the case of rectangular table arc the lines 

are straight and parallel to the sides of the rectangle in both the perpendicular direction. Even it is 

not plat, but concave and convex along two diagonals. For verification, it is essential to measure 

the straightness of diagonals in addition to the lines parallel to the sides.  

  

 Thus the whole of the surface is divided by straight line. The fig, shows the surface is 

divided by straight line. The end line AB and AD etc are drawn away from the edges as the edges 

of the surface are not flat but get worn out by use and can fall off little in accuracy. The 

straightness of all these lines is determined and then those 

lines are related with 

each other in order 

to verify  

whether they  

lie in the same plane 

or not.  

3.7.1 Procedure for determining flatness  

The fig. shows the flatness testing procedure.  

(i) Carry out the straightness test and tabulate the reading up to the cumulative error 

column.  

(ii) Ends of lines AB, AD and BD are corrected to zero and thus the height of the 

points A, B and D are zero.  
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Fig 3.29 Flatness Testing  

The height of the point I is determined relative to the arbitrary plane ABD = 000. Point C 

is now fixed relative to the arbitrary plane and points B and D are set at zero, all intermediate 

points on BC and DC can be corrected accordingly. The positions of H and G, E and F are known, 

so it is now possible to fit in lines HG and EF. This also provides a check on previous evaluations 

since the mid-point of these lines should coincide with the position of mid-point I. In this way, the 

height of all the points on the surface relative to the arbitrary plane ABD is known.  

  

3.8  ROUNDNESS MEASUREMENTS  

Roundness is defined as a condition of a surface of revolution. Where all points of the 

surface intersected by any plane perpendicular to a common axis in case of cylinder and cone.  

3.8.1 Devices used for measurement of roundness 1) Diametral gauge.  

2) Circumferential conferring gauge => a shaft is confined in a ring gauge and rotated against a 

set indicator probe.  

3) Rotating on center  

4) V-Block  

5) Three-point probe.  

6) Accurate spindle.  
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1. Diametral method  

The measuring plungers are located 180° a part and the diameter is measured at several 

places. This method is suitable only when the specimen is elliptical or has an even number of 

lobes. Diametral check does not necessarily disclose effective size or roundness. This method is 

unreliable in determining roundness.  

  

2. Circumferential confining gauge  

Fig. shows the principle of this method. It is useful for 

inspection of roundness in production. This method requires 

highly accurate master for each size part to be measured. The 

clearance between part and gauge is critical to reliability. This 

technique does not allow for the measurement of other related 

geometric characteristics, such as concentricity, flatness of Fig 

3.30 Confining shoulders etc.  
Gauge 

 

  

3. Rotating on centers  

The shaft is inspected for roundness while mounted on center. In this case, reliability is 

dependent on many factors like angle of centers, alignment of centres, roundness and surface 

condition of the centres and centre holes and run out of piece. Out of straightness of the part will 

cause a doubling run out effect and appear to be roundness error.  
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 V-Block  

The set up employed for assessing the circularity error by using V Block is shown in fig.  

  

The V block is placed on surface plate and the work to be checked is placed upon it.   

A diameter indicator is fixed in a stand and its Fig 3.31 V-
Block

 feeler made to rest against the 

surface of the work. The work is rotated to measure the rise on fall of the workpiece. For 

determining the number of lobes on the work piece, the work piece is first tested in a 60° V-Block 

and then in a 90° V-Block. The number of lobes is then equal to the number of times the indicator 

pointer deflects through 360° rotation of the work piece.  

Limitations  

a) The circularity error is greatly by affected by the following factors.  

(i) If the circularity error is i\e, then it is possible that the indicator shows no variation.  

(ii) Position of the instrument i.e. whether measured from top or bottom.  

(iii) Number of lobes on the rotating part.  

b) The instrument position should be in the same vertical plane as the point of contact of 

the part with the V-block.  

c) A leaf spring should always be kept below the indicator plunger and the surface of 

the part.   

   

5. Three point probe  

The fig. shows three probes with 120° spacing is very, 

useful for determining effective size they perform like a 60° 

Vblock. 60° V-block will show no error for 5 a 7 lobes magnify the error 

for 3-lobed parts show partial error for randomly spaced  

lobes.  Fig 3.32 Three Point  
Probe  

  

3.8.2 Roundness measuring spindle  
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There are following two types of spindles used.  

1. Overhead spindle  

Part is fixed in a staging plat form and the overhead spindle carrying the comparator 

rotates separately from the part. It can determine roundness as well as camming (Circular 

flatness). Height of the work piece is limited by the location of overhead spindle. The 

concentricity can be checked by extending the indicator from the spindle and thus the range of 

this check is limited.  

  

  

2. Rotating table  

Spindle is integral with the table and 

rotates along with it. The part is placed over the 

spindle and rotates past a fixed comparator  

  

  

  Fig 3.32 Rotating Table  

3.8.3 Roundness measuring machine  

Roundness is the property of a surface of revolution, where all points on the surface are 

equidistant from the axis. The roundness of any profile can be specified only when same center is 

found from which to make the measurements. The diameter and  

 

roundness are measured by different method and instruments. For measurement of diameter it is 

done statically, for measuring roundness, rotation is always necessary.  

   Roundness measuring instruments are two types.  

1. Rotating pick up type.  

2. Turn table type.  
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These are accurate, speed and reliable measurements. The rotating pick up type the work 

piece is stationary and the pickup revolved.  In the turn table the work piece is rotated and pick up 

is stationery. On the rotating type, spindle is designed to carry the light load of the pickup. The 

weight of the work piece, being stationary and is easy to make.  In the turn table type the pickup is 

not associated with the spindle. This is easier to measure roundness. Reposition the pickup has no 

effects on the reference axis.  

The pickup converts the circuit movement of the stylus into electrical signal, which is 

processed and amplified and fed to a polar recorder. A microcomputer is incorporated with 

integral visual display unit and system is controlled from compact keyboards, which increases the 

system versatility, scope and speed of analysis. System is programmed to access the roundness of 

work piece with respect to any four of the internationality recognized reference circles. A visual 

display of work piece profile can be obtained. Work piece can be assessed over a circumference, 

and with undercut surface or an interrupted surface with sufficient data the reference circle can be 

fitted to the profile. The program also provides functions like auto centering, auto ranging, auto 

calibration and concentricity.   

  

3.8.4 Modern Roundness Measuring Instruments  

This is based on use of microprocessor to provide measurements of roundness quickly and 

in a simple way; there is no need of assessing out of roundness. Machine can do centering 

automatically and calculate roundness and concentricity, straightness and provide visual and 

digital displays. A computer is used to speed up calculations and provide the stand reference 

circle.  

  

   

(i) Least square circle  

The sum of the squares of a sufficient no. of equally spaced radial ordinates measured 

from the circle to the profile has minimum value. The center of such circle is referred to as the 
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least square center. Out of roundness is defined as the radial distance of the maximum peak from 

the circle (P) plus the distance of the maximum valley from this circle.  

  

(ii) Minimum zone or Minimum radial separation circle  

These are two concentric circles. The value of the out of roundness is the radial distance 

between the two circles. The center of such a circle is termed as the minimum zone center. These 

circles can be found by using a template.  

  

(iii) Maximum inscribed circle  

This is the largest circle. Its center and radius can be found by trial and error by compare 

or by template or computer. Since V = 0 there is no valleys inside the circle.  

  

(iv)Minimum circumscribed circles  

This is the smallest circle. Its center and radius can be found by the previous method since 

P = 0 there is no peak outside the circle. The radial distance between the minimum circumscribing 

circle and the maximum inscribing circle is the measure of the error circularity. The fig shows the 

trace produced by a recording instrument.  

This trace to draw concentric circles on the polar graph which pass through the maximum 

and minimum points in such way that the radial distance be minimum circumscribing circle 

containing the trace or the n inscribing circle which can fitted into the trace is minimum. The 

radial distance between the outer and inner circle is minimum is considered for determining the 

circularity error. Assessment of roundness can be done by templates. The out off roundness is 

defined as the radial distance of the maximum peak (P) from the least square circle plus the 

distance of the maximum valley (V) from  the least square circle. All roundness analysis can be 

performed by harmonic and slope analysis.  
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       QUESTION BANK  

  

Part-A (2 Marks)  

1. Name the various methods for measuring effective diameter  

2. Name the various methods for measuring pitch diameter.  

3. Name the two corrections are to be applied in the measurement of effective diameter.  

4. What is best size of wire?  

5. Define. Drunken thread  

6. What is the effect of flank angle error?  

7. What are the applications of toolmaker's microscope?  

8. Define: Periodic error.  

9. What are the commonly used forms of gear teeth?  

10. What are the types of gears?  

11. Define: Module  

12. Define: Lead angle  

13. What are the various methods used for measuring the gear tooth thickness?  

14. Name four gear errors.  

15. Name the method used for checking the pitch of the gear.  

  

Part-B (16 Marks)  

1. Explain the construction and working of floating carriage micrometer  

2. How are the major and minor diameters of thread measured?   

3. Define various terminologies related with screw thread   

4. Define various terminologies related with screw gears   

5. Explain any two taper measurements method.   

6. Explain the construction and working of Gear tooth vernier   

7. Explain a method used in the measurement of surface finish and flatness   
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8. How to measure the pitch of the screw thread by using the tool maker’s microscope?  

 

9. Describe the method of inspecting the profile of spur gear by using involute measuring machine.  

10. How to check the composite errors of the gear by using Parkinson gear testing machine?  

Explain it in detail?  

11. Briefly describe major, minor and effective diameter of thread?  

12. Describe the two wire method of finding the effective diameter of screw threads.  

13. Describe the chordal thickness method using gear tooth vernier caliper.  

14. Explain one method of assessing the straightness of a straight-edge.  

15. Write notes on the types of irregularities of a circular part and mention its causes.  

16. What is the ‘best wire size’? Derive an expression for the same in terms of the pitch and angle of 

the thread,  

17. Explain the principle of measuring gear tooth thickness by base tangent method. What is the span 

length over 5 teeth of gear having 45 teeth module 4mm and pressure angle 20
o
  

18. Derive the formula for measuring the effective diameter of thread by 3-wire method  

19. With the aid of sketch describe the principle of operation of a rolling gear testing machine.  
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