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OBJECTIVES

Studentswill beableto
1 Understandhe basic principlef fits andtolerances,
2 Explainvarioustypesof fits andtheir applications,
3 Analysesthe various type®f tolerancesaandapplicationsand

4 Know the fundamental othe systemof fits.

2.1 Definition:
Limits
The maximum andninimum permissibleizeswithin which the actuasize of a
componentiesarecalledLimits.
Tolerance:
It isimpossibleto makeanythingto anexactsize,thereforeit is essentiato allow a
definitetoleranceor permissiblevariationon everyspecifieddimension.
Why Tolerancesare specified?
- Variationsin propertiesof the material being machinedntroduce errors.
- The productionmachineghemselvesnay have someinherent inaccuracies.
- It is impossiblefor an operatorto makeperfectsettings.While settingup the tools and

workpieceon themachine someerrorsarelikely to creepin.
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Consider the dimension shown in fig. When trying to achieve a diameter of 40 mm

(BasicorNominal diameter), a variation of 0.05 mm on either side may result. If the shaft is
satisfactory even if its diameter lies between 40.05 mm & 39.95 mm, the dimension 40.05
mm is known as Upper limit and the dimension 39.95 mm is known as Lower limieof s
Tolerance in the above example is (403%95) =0.10 mm Tolerance is always a positive
guantitativenumber.

Unilateral Tolerance:

- Toleranceon a dimensionmay either be unilateralor bilateral.

- Whenthe two limit dimensionsareonly on onesideof the nominalsize, (eitherabove

or below)thetolerancesresaidto be unilateral.

- For unilateraltolerancesa casemay occur when one of the limits coincide with the

basicsize.
T N 02
: .*5‘ — +0.10
‘g’; _f ;5 Basic Size =25.00 mm
- % 2 Upper Limit = 25.18 mm
S & Lower Limit = 25.10 mm
Tolerance = 0.08 mm
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7 E| B Basic Size =25.00 mm
3 5 2 Upper Limit = 24.90 mm
2 ;:'3 z Lower Limit = 24.80 mm
an Tolerance = 0.10 mm




Bilateral Tolerance: When the two limit dimensions are above and below nominal size,(i.e.
on eithersideof thenominalsize)thetolerancesre saido be bilateral.Unilateral tolerances,
are preferred over bilateral because the operator can machine to the upper tivaisbéaft

(or lower limit of a hole) still having the whole tolerance left for machining to avoid rejection
of parts.

Schematic representation of tolerances:

Unilaterall'olerance
i
| Tolerance Tolerance
i Unilaterall' olerance
Zew Line ’/ A
(Badc Size) v
Bilateral Tolerance

Unilaterall' olerance

Tolerance Accumulation (or) Tolerance Build up:

+c
+g -d +‘F
L L L;
+a+cte
-b-d-f

If a part comprises of several stepach step having some tolerance specified over its
length, then the overall tolerance on the complete length will be the sum of tolerances on

individual lengths.



The effect of accumulation of tolerances can be minimized by adopting
progresivedimensioningfrom a common datum.

Anotherexampleof tolerancebuild upis shownbelow.

65 +0.15 (B)
l¢ 40 +0.15 F25 .-.bO.;" 35 +0.8 201—0%
A =65 +0.15-40 iO.lS =25 +0.5 + 35 +0.8 + 20 +0.5
=25 +0.3 =80 +1.8
A max.= 25.3 mm : B max. = 81.8 mm
A min = 24.7 mm Bmin = 78.2 mm

Compound Tolerances:
A compound tolerands onewhich isderived byconsideringhe effectof tolerances

on morethan onadimension.

For ex,thetoleranceonthedimensiorL is dependenonthetolerance®nD, H & q.
The dimensior. will be maximum when the base dimens®(D+a), the angleis (g+a),and

theverticaldimensionis (H-d).

The dimension lwill be minimumwhen the basdimensions (D-b), the angleis (ab),and

theverticaldimensionis (H+c).




2.2LIMITS OF SIZE & TOLERANCE

Terminology of limit systems:

Limits of size: The twoextreme permissiblsizes of &componenbetweenwhich the actual
sizeshouldlie includingthe maximumandminimum sizesof thecomponent.

Nominal size:lIt is the sizeof thecomponenby whichit is referredto asa matterof
convenience.

Basicsize:lt isthe sizeof a partin relationto which all limits of variationaredetermined.
Zero Line: It istheline w.r.t whichthe positionsof tolerancezonesareshown

Deviation: It isthealgebraidifferencebetweera limit of sizeandthe correspondindpasic
size.

Upper Deviation: It isthealgebraidifferencebetweerthe maximumlimit of sizeandthe
correspondindpasicsize.lt is denotedby lettersé E $bHa holeandd e fer@shatft.

Lower Deviation: It is thealgebraidifferencebetweerthe minimumlimit of sizeandthe
correspondindpasicsize.lt is denotedby lettersé E forba holeandé efor ashatft.
Fundamental Deviation: It is the deviation, either upperor lower deviation, whichis nearest
to the zero line for either a hole or a shaft. It fixes the position of the tolerance zone in
relationto thezeroline.

Allowance: It is the intentionatifference between the hole dimensions afdft dimension
for any typeof fit.

Sizeof tolerance: It isthedifferencebetweerthe maximunmandminimumlimits of size.
2.3SYSTEM OF FITS

Fit isanassemblyconditionbetweerdo Ho & @ 8h af t 6

Hole: A featureengulfinga component.

Shatft: A featurebeingengulfedby acomponent.




Clearance fit:
In thistype of fit, thelargestpermittedshaftdiameteris lessthanthe smallesthole diameter

sothatthe shaftcanrotateor slideaccordingto the purposeof the assembly.

Tolerance zones

il never meet
Max C

Min C

Max. C = UL of hole - LL of shaft

“ Min. C = LL of hole - UL of shaft

Interference Fit:

It is defined as the fit established when a negative clearance exists between the sizes
of holes and the shaft. In this type of fit, thenimum permitted diameter of the shaft is
larger than the maximum allowable diameter of the hole. In case of this type of fit, the
membersareintendedto bepermanentlyattached.

Ex: BearingbushesKeys& keyways

Tolerance zones
never meet but
crosses each

Shaft Min I other

Max. I = LL of hole - UL of shaft
Min. I = UL of hole - LL of shaft

Max 1

Transition Fit;



In this type of fit, the diameter of the largest allowable hole is greater than the smallest shatft,
but the smallest hole is smaller than the largest shaft, such that a small positive or negative
clearanceexistsbetweerthe shaft& hole.

Ex: Couplingrings, Spigotin matingholes,etc.

i Tolerance zones
Max C always overlap

Max. C = UL of hole - LL of shaft
Max. I =LL of hole - UL of shaft

Interchangeability:

Interchangeability occurs when one partan assembly can be substituted for a
similar part which has been made to the same drawing. Interchangeability is possible only
whencertainstandardsrestrictly followed.

Universal interchangeability meansthe parts to be assembledare from two different
manufacturingsources.

Local interchangeability meansall the partsto be assembledare madein the same
manufacturingunit.

Selective Assembly:

In selective assembly, the parts are graded according to the size and only matched
grades of mating parts are assembled. This technique is most suitable where close fit of two
componentassembled isequired.

Selective assembly provides completetection against neoonforming assemblies
andreducesnachiningcostsasclosetolerancesanbe maintained.

Supposesome parts (shaf& holes) are manufactured to aolerance of 0.0Imm, then
an automatic gaugean separate them into ten differegtoups of 0.001lmm limit for
selectiveassemblyof theindividual parts.Thushigh quality andlow cost carbeachieved.

Selectiveassemblys usedin aircraft,automobileindustrieswheretolerancesrevery

narrowandnot possibleto manufactureatreasonableosts.



2.4 Geometrical Tolerances:

It is necessary to specify and control the geometric features of a component, such as
straightness, flatness, roundness, etc. in addition to linear dimensions. Geometric tolerance is
concerned with the accuracy of relationship of one component to another and should be
specifiedseparately.

Geometricatolerancemaybedefinedasthe maximumpossiblevariationof form or
Position of form or position of afeature.

Geometridtolerances define th&hape of deature a®pposed to itsize.There are
threebasictypesof geometridolerances:

Form tolerances:

Straightnesd]atness roundnessgylindricity

Orientation tolerances:
Perpendicularityparallelism,angularity
Position tolerances:

Position,symmetry concentricity

FORM TOLERANCES

Characteristic or

Function of

them.

symbol geometric Tolerance zone Typical example
tolerance
To control the | Arca between two 1
straightness of | parallel straight T?{{j{;ﬁ;lce
the line on a |lines in the plane I,” — = //r*‘
Straightness surface. containing the = *
considered line or
axis, Tolerance
value is the
distance between

Flatness

To control the

Area between two

them.

flathess of a | planes. Tolerance
surface. value is the /
distance between
X

-~ - %
-~ .
Tolerance
value




Ronndness To control| Areabetweentwo o,
the errors of| concentric circleg /o = X
SN soundness of a| Tolerance value i ﬁfff;f‘ AR
circle in the plan{ the radial distanc Tolerance \
in whichit lies. | betweerthem. ( ¢ ;J
\‘;\\\ o
: = L
\V/ \"Mx______,/
Cylindricity To control| Annular space| ———== —
combination between two
of soundnesy cylinders that
straightness, are co axial
And parallelismof | Tolerance value is —= =
a cylindrical| the radial distancs
surface. betweernthem. A3
4 Tolerance
[ Valie
o A
, A '\j_\_‘_‘_fﬁf J/
Tl A
ORIENTATION TOLERANCES
Parallelism To control the| Areabetweentwo
. . Telerance
_ parallelismof a | parallel lines or Value +
,ff / line or surface|space  between '
Va4 W.r.t some| two parallellines e 3
/ / . *
/ / datum. whichareparallel | \
! Ilr'
/ / to the datum | Swneme_ s s awwo
S
Squareness To control the| Area betweentwo
erpendicularit arallel lines or
Perp . y P Value
of a line or|space between -
surface w.r.t a|two parallel /

datum.

lines which are
perpendicular to




Angularity To control the | Area between two S
. inclination of a | parallel lines or Talzrancj//i/:f; L
< line or surface | space  between | "% e
7 w.r.t a datum. two parallel lines | r”’//f
/
y which are inclined el |
s | [ BRSO Ot AR
at a specified il
angle to  the
datum.
POSITIONAL TOLERANCES
Concentricity To control the | Center or axis
- deviation of [to lie within the| | [ _ |
// f,——_—h::\ the position of |circle or eylinder. | |} fF————-
Ilf’ / ‘.Il the position iI'oleran:fe value Tolerance
\ ) ) of the center |is the diameter of Datum Value
\ e s or axis of the |such a cirele or
~_ toleranced circles | eylinder.
or eylinders.
2.5 SYSTEM OF TOLERANCES
PoSITIVE Holes are designated by capital letter: .
1 Letters Ato G - oversized holes i
7| Letters P to ZC - undersized holes [ |
 n
&, L
oy L
g (L
% ZERO LINE
> of
: ey L
gt " o
i Shafts are designated by small 2
letter:
0 Letters m to zc - oversized shafts
Letters a to g - undersized shafts
AT HOLE TOLERANCE ZONE =

sHAFT ToLERance zoNE = [l

6 Hiusedfor holesandd h é@sedforshaftswhose fundamentaleviationis zero.

Basic shaft: It is a shaftwhoseupperdeviationis zero.i.e. the maximumlimit of shaft

coincideswith thenominalsize.(zerdine). Eg: shaftdo h 6




Basichole: It is aholewhoselower deviationis zero.i.e. theminimum limit of hole

coincideswith thenominalsize.(zerdine). Eg: shafté H 6

Hole Basis:In this system, the basic diameter of the hole is constant while the shaft size is
variedaccording to theype of fit.

Significance of Hole basis systenithe bureau of Indian Standards (BIS) recommends both
hole basis and shaft basis systems, but their selection depends on the production methods.
Generally, holes are produced by drilling, boring, reaming, broachingyb&reas shafts are
eitherturned orground.

If the shaft basis system is used to specify the limit dimensions to obtain various types of
fits, number of holes of different sizes are required, which in turn requires tools of different

sizes.Hole basissystem:

— Basic Size

Legends:
Bl Hole C - Clearance
[ Shaft T - Transition

Il Tolerance I - Interference
If the hole basis system is used, there will be reduction in production costs as only
onetoolis requiredto producethe ole andthe shaftcanbe easilymachinedo anydesiredsize.
Hencehole basissystemis preferredover shaftbasissystem.

Shaft Basis system:

In this system, the basic diameter of the shaft is constant while the hole size is varied
accordingto thetype of fit.

It may, however, be necessary to use shaft basis system where diffeyeate
requiredalong along shaft
For examplejn the case ofdriving shaftswherea singleshaftmayhaveto accommodatt a
variety of accessories such as couplings, bearings, collars, etc., it is preferable to maintain a
constant diameter for the permanent member, which ishiha&, and vary the bore of the

accessories.



Legends:

B Hole C - Clearance
[ ] Shaft T - Transition
Il Tolerance I - Interference

Basic Size

GRADES OF TOLERANCES

Grade is a measure of the magnitude of the tolerance. Lower the grade the finer the
tolerance. There are total of 18 grades which are allocated the numbersTIOQII1,IT2
T16.

Fine grades are referred to by the first few numbers. As the numbers get larger, so the
tolerance zone becomesprogressivelywider. Selection of grade should dependon the
circumstancesAs thegradegyetfiner, the costof productionincreasest a sharper rate.
TOLERANCE GRADE

The tolerance gradesmay be numerically determinedin terms of the standard
t ol er amdéc ew hHueanmietronsdis given by (for basic size up to and including 500 mm)
and(for basic size above 500 mm up to amdduding 3150 mm), where D is in mm and it is
the geometric mean of the lower and upper diameters of a particularnsigpich the
componenties.

The above formula is empirical and is based on the fact that the tolerance varies more
or less parabolic Bl in terms of diameter for the same manufacturing conditions. This is so
becausenanufacturendmeasuremenaf highersizesarerelativelydifficult.

Thevariousdiameter stepspecifiedby ISI are: 3, 3-6,6-10,10-18,18-30,30-50,
50-80,80-120,180250, 250315, 315400, and 4066 0 0 mm. The value of 060D
geometric mean for a particular range of size to avoid continuous variation of tolerance with
size.

The fundamentabeviationof type d,e,f,gshaftsarerespectively-16D°44 -11D°4, -
55041 & -2.50°3

Thefundamentabtleviationof type D, E,F,Gshaftsarerespectively+16D°44
+11D°4+5 5048 +2.50P3

Therelativemagnitudeof eachgradeis shownin thetablebelow;



Tol.
Grade

ITS

IT6

IT7

IT8

IT9

IT10

IT11

IT12

IT13

IT 14

IT 15

IT 16

7i

10i

16i

25i

40i

64 i

100 i

160 i

250 i

400 i

640 i

1000 i

grade.i.e. IT 11=10xIT6=10x10i=10Q IT12=10xIT7=10x16i=160, etc.

It may be notedthat from IT 6 onwards,every5th stepis 10 timesthe respective




LIMIT GAUGES

A Go-No GOgauge refers to an inspection tool used to check a work pggiast its
allowed tolerances. It derives its nhame from its use: the gauge has two testéiethe
involvesthework piecehavingto passonetest(Go) andfail theother(No Go).

It is anintegral partof the quality procesghatis usedin the manufacturingndustryto
ensure interchangeability of parts between processes,or even between different
manufacturers.

A Go - No Go gauge is a measuring tool that does not return a size in the conventional
sense, but instead returns a state. ia¢e is either acceptable (the part is with intolerance
andmaybeused)or it is unacceptabléandmustberejected).

They are well suited for use in the production area of the factory as they require little
skill or interpretation to use effectively ahave few, if any, moving parts to be damaged in

the often hostileproductionenvironment.
PLAIN GAUGES

Gauges are inspection tools which serve to check the dimensions of the manufactured
parts.Limit gaugesensurethe sizeof the componenies within the specifiedimits. Theyare
nonrecording and do not determine the size of the part. Plain gauges are used for checking
plain (Unthreadedholesandshafts.

Plaingaugesnaybeclassifiedasfollows;

According to their type:

(@ Standard gaugesare made to the nominal size of the part to be tested and have the
measuring membexqualin sizeto the mearpermissible dimensioaf the parto bechecked.

A standardjyaugeshouldmatewith somesnugness.

(b) Limit Gauges These are also calledlg andd n o gauged. These are made to the limit
sizesof the workto be measuredOne ofthe sidesr endsof the gaugaes madeto correspond

to maximum and the other end to the minimum permissible size. The function of limit gauges
is to determine whether thteectual dimensions of the work are within or outside the specified
limits.

According to their purpose:



(@) Work shopgaugesWorking gaugesarethoseusedat the benchor machinein gaugingthe
work asit being made.

(b) Inspectiongauges:Thesegaugesare usedby the inspectionpersonnelto inspect
manufacturegartswhen finished.

(c) Referenceor MasterGaugesTheseareusedonly for checkingthe size or conditionof
othergauges.

According to the form of testedsurface:
PluggaugesTheycheckthedimensionof ahole

Snap& RinggaugesTheycheck thedimension®f a shatft.

According to their design:

Single limit & double limit gauges

Single ended and double ended gauges

Fixed & adjustablegauges

LIMIT GAUGING

Limit gauging isadopted for checking parts produced by mass production. It has the
advantagehatthey canbeused byunskilledpersons.

Instead of measuring actual dimensions, the conformance of product with tolerance
specificationcanbecheckedbyad G @iHdé N G O gauges.

A 6 G Odgauge representsthe maximum material condition of the product (i.e.
minimum hole size or maximum shaft size) andconversely ad NO GO6 r epresen
minimummaterial conditior(i.e. maximumholesizeor minimumshaft size).

Plug gauges:

Plug gauges are the limit gauges used for checking holes and consist of two cylindrical
wear resistant pl ugs. The plug made to the |
this will enter any hole which is not smaller than the lower lifidveed. The plug made to
the upper | imit of the hole is known as ONO C
smaller than the upper limit allowed. The plugs are arranged on either ends of a common

handle.



Tolerance% /

R
i

Upper Limit
Lower Limit

% GO gauge NO GO gauge
HOLE

Plug gauges are normaltiouble ended for sizes up to 63 mm and for sizes above 63
mmtheyaresingleended type.

_ Cylindrical plugs ~
/ N
Handle
A\
NO

Double ended Plug Gauge

The handles of heavy plug gauges are made of light metal alloys while the handles of
small pluggaugesanbe madeof somenonmetallicmaterials.

Progressiveplug gauges:

For smaller through holes, both GO & NO GO gauges are on the same side separated
by a small distance. After the full length of GO portion enters the hole, further entry is
obstructedoy theNO GO portionif the holeis within thetolerancdimits.

Handle
\
| N~ |
NO <
GO :

GO

L >

Progressive Plug Gauge
Ring gauges:
Ring gauges are used for gauging shafts. They are used in a similar manner to that of

GO & NO GO plug gauges. A ring gauge consists of a piece of metal in which a hole of
requiredsizeis bored.



/

Lower Limit
Upper Limit

s )

NO-GO Gauge GO Gauge

SNAP (or) GAP GAUGES:

A snap gauge usually consists of a plate or frame with a parallel faced gap of the

required dimension. Snap gauges can be used for both cylindrical as well as non cylindrical

work ascomparedo ring gaugesvhich areconvenientlyusedonly for cylindrical work.

Double ended snap gauges can be used for sizes ranging from 3 to 100 mm.For sizes

abovelOOmmupto 250 mmasingleendedprogressivegaugemay beused.
Desirableproperties of GaugeMaterials:

Theessentiatonsiderationgn the selectionof materialof gaugesare;

1 Hardnesgo resistwear.

2 Stability to preservesizeandshape

3 Corrosionresistances

4 Merchantabilityfor obtainingtherequireddegreeof accuracy.

5 Low coefficient of friction of expansionto avoidtemperaturesffects.

Materials usedfor gauges:

High carbon steel: HeattreatedCaststeel(0.8- 1% carbon)is commonlyusedfor most
gauges.

Mild Steel: Casehardeneantheworking surfacelt is stableandeasilymachinable.
Casehardenedsteel: Usedfor small& mediumsizedgauges.

Chromium plated & Hard alloys: Chromiumplating imparts hardnessresistanceo

abrasion& corrosion.Hardalloysof tungstencarbidemayalsobeused.

Castlron: Usedfor bodiesof framesof largegaugesvhoseworking surfacesrehardinserts

of tool steelor cementedtarbides?

Glass: Theyare freefrom corrosive effectslueto perspiration fromhands Also theyarenot

affectedby temperaturehanges.
Invar: It is a nickeliron alloy (36% nickel) which haslow coefficientof expansionbut

not suitablefor usageoverlong periods.



(The name, Invar, comes from the word invariable, referring to its lack of expansion or
contraction with temperature changes. It was inventelBB6 by Swiss scientist Charles
Eduard
Guillaume. He received the Nobel Prize in Physics in 1920 for this discovery, which enabled
improvementsn scientificinstruments).
T a y | Principle of GaugeDesign:

According to Taylor, 6 Goadd 6 N @& o @augesshould be designedto check
maximumandminimum materiallimits which arecheckedasbelow;

6 GOO6 LThisndegignation is applied to that limit of the two limits of size which
corresponds to the maximum material limit considerations, i.e. uppér d¢f a shaft and
lower limit of a hole.
TheGO gaugeshouldbeof full form, i.e.theyshouldcheck shapaswell assize.
0 NG o ldmit:

This designation is applied to that limit of the two limits of size which corresponds to
theminimummaterialcondition.i.e.thelower limit of a shaftandtheupperlimit of ahole.

ONo God gauge should check only one part
that specific discrepancies in shape or size

requiredfor each differentndividual dimension.

Tolerance TUpper limit Upper limit
zone
¥ / )
i fete) NO GO
* Plug gauge ,/Plug gaunge
Lower Limit \

) Lower
Limit

2

Gauges, like any other jobs requirenamnufacturing tolerance due to reasonable

GO Snap gauge NO GO Snap gauge

Gauge Tolerance:

imperfectionsan the workmanshipof the gaugenaker.The gaugetoleranceshouldbekeptas
minimumaspossiblethoughhigh costsareinvolvedto do so. Thetoleranceonthe GO & NO
GO gaugess usually10% ofthework tolerance.

Wear Allowance:



The GO gauges only are subjected to wear due to rubbing against the parts during
inspection and hence a provision has to be made for the wear allowance. Wear allowances
taken as 10% of gauge tolerance and is allowed between the toleranad #ongauge and
the maximum material conditioffi.e. lower limit of a hole & upper limit of a shaft). If the
work tolerance is less than 0.09 mm, wear allowance need not be given unless otherwise
stated.

PresentBritish Systemof Gauge & Wear Tolerance:
PLUG GAUGES: (For checking toleranceson holes)

Upper Limit
for hole v ] NO GO

i
Direction of wear
Hole
Tolerance Gause
Y 5 mler%ncc I V /] * Wear allowance co
i
Lower Limit
for hole GO & NO GO Plug Gauges (For checking hole tolerance)
RING/SNAP GAUGES: (For checkingtoleranceson shafts)
Upper Limit ¢
for shaft GO
! Gauge /] * Wear allowance
tolerance
Shaft *
Tolerance
1 * Direction of wear
NOGO
Lower Limit |/ A
for shaft

GO & NO GO Ring Gauges (For checking shaft tolerance)

Numerical Problem 1:

Calculatethedimensions oplug & ring gaugego controlthe productionof 50 mm shaft&

hole

pair of H/dg as per IS specifications. The following assumptions may be made: 50 mm lies in
diameter step of 380 mm. Upper dskaft is-daDi*cand lofver deviatiohdor

hole

H is zero. Tolerancenitin 6 iindnicronsis =0.4% D+0.001DandIT6=10i andabovelT6

grade,the toleranceis multiplied by 10 at each5th step.



COMPARATORS

Comparators can give precision measurementswith consistent accuracy by
eliminating human error. They are employed to find out, by how mucHithensions of the
given component differ from that of a known datum. If the indicated difference is small, a
suitable magnification device is selected to obtain the desired accuracy of measurements. It is
an indirect type of instrument and used for lineaasurement. If the dimension is less or
greater, than the standard, then the difference will be shown on the dial. It gives only the
difference between actual and standard dimension of the work piece. To check theheight

thejob H2 ,with the standardgob of heightH1
—%' 0 : 0
1 \31

+———Plunger

] T

Hy (Ho=Hy)

3




Initially, the comparator is adjusted to zero on its dial with a standard job in positions shown
in Figure(a). The reading Hlis taken with the help of a plunger. Then the standard job is
replaced by the worbiece to be chedd and the reading H2 is taken. If Hland H2 are
different, then the change i~ the dimension will be shown on the dial of the comparator. Thus
difference is then magnified 1000 to 3000 X to get the clear variation in the standard and
actualjob.

In short,Comparatoris a devicewhich

(1) Picks upsmall variationsin dimensions.

(2) Magnifies it.

(3) Displaysit by usingindicating devices,by which comparisoncan be madewith
somestandardvalue.

Characteristics or Basic requirements of comparators

1) Theinstrument must be of robustesign and construction so as to withstand the effect
of ordinaryusagewithout impairingits measuringaccuracy.

2) The including devices must be such that readings are obtained in least possible time.
The system should be freeom backlash, wear effects and the inertia should be
minimum.

3) Provisionfor maximumcompensatioto temperatureffects.

4) The scalemustbelinearand musthavestraightline characteristics.

5 Theinstrumentmustbe versatilei.e., its designmustbe suchthat it canbeusedfor a
wide rangeof measurements.

6) Themeasuringoressure shouldelow and constant.

7) Theindicator (pointer, liquid columnetc) shouldbe clearandfree from oscillations.

2.5.1 Classification of comparators:

1. MechanicalComparatorit works on gearspinions,linkages,levers,springsetc.

2. PneumaticComparator:Pneumaticcomparatorworks by using high pressurair,
valves,backpressureetc.

3. Optical ComparatorOptical comparatorworks by using lens, mirrors, light sourceetc.

4. Electrical Comparator\Works by using stepup, stepdowntransformers.

5. ElectronicComparatorlt worksby usingamplifier, digital signaletc.

6. CombinedComparatorThe combinationof any two of the abovetypescan give thebest
result.

Characteristics of Good Comparators:



. It shouldbe compact.
. It shouldbe easyto handle.
. It shouldgive quick responser quick result.

. It shouldbereliable,while in use.

1
2
3
4
5. Thereshouldbe no effectsof environmenton the comparator.
6. Its weight mustbe less.

7. It mustbe cheaper.

8. It mustbe easilyavailablein the market.

9. It shouldbe sensitiveasper the requirement.

10. The designshouldbe robust.

11. 1t shouldbelinearin scalesothatit is easyto readand getuniform response.
12. 1t shouldhaveless maintenance.

13. It shouldhavehardcontactpoint, with long life.
2.5.2 Mechanical Comparator:

It is self controlledand no power or any other form of energy is required. It employs
mechanicalmeans for magnifying the small movementof the measuringstylus. The
movement is due to the difference between the standard and the actual dimension being

checked

Mechanical comparator

| I ' |
Dial indicator Johanssons Sigma Mechanical - optical
microkator comparators comparator

The method for magnifying the small stylus movementin all the mechanical
comparators is by means of levers, gear trains or combination of these. They are available of
different make and each has it's own characteristic.The various types of mechanical
comparatorsredial indicator,rackandpinion, sigma comparatodohanssomikrokator.

a. Dial Indicator:

It operates on the principle, that a very slight upward pressure on the spindle at the
contact point is multiplied through a system of gears anelrte\t is indicated on the face of
the dial by a dial finger. Dial indicators basically consists of a body with a round graduated
dial and a contact point connected with a spiral or gear train so that hand on the dial face

indicatesheamountof movemenbof the contactpoint. Theyaredesignedor useona



wide rangeof standardmeasuringdevicessuchasdial box gaugesportal dial, handgauges dial

depth gaugesiiametergaugesnddial indicatorsnapgauge.

Hard contaet point
() Dial indicator

(b) Mechanism of dja] tudicator

Corresponds to a spindle movement of 1 mm. The movement mechanism of the
instrument is housed in a metal case for it's protection. The large dial scale is graduated
into100 divisions. The indicator is set to zero by the use of slip gauges representiagithe
sizeof part.

Requirements of Good Dial Indicator:

1. It shouldgive trouble free and dependableeadingsover a long period.

2. The pressuraequiredon measuringheadto obtain zero readingmustremainconstantover
thewholerange.

3. The pointer shouldindicatethe direction of movementof the measuringplunger.

4. Theaccuracyof thereadingsshouldbewithin closelimits of the varioussizesandranges
5. The movement of thmeasuring plungeshouldbe in eithedirectionwithout affecting the
accuracy.

6. The pointemovemenshould be dampedp thatt will notoscillate when the readings are
being taken.

Applications:

1. Comparingwo heightsor distancedbetweemarrow limits.

2. To determinethe errorsin geometricalform suchasovality, roundnessandtaper.

3. For taking accuratemeasurementf deformationsuchas intensionandcompression.

4. To determinepositional errorsof surfacessuchas parallelism,surenessndalignment.

5. To checkthe alignmentof lathe centersby using suitableaccuratebar betweenthe centers.



6. Tochecktruenes®f milling machinearborsandto checkthe parallelismof shapeiarm
with tablesurfaceor vice.

b) JohanssonMikrokator

Thiscomparator wadevelopedy C.F.Johansson.

Principle:

It works onthe principle of aButton spring,spinningonaloop of stringlike in the
caseof Chi | drends toys.
Construction:

The method of mechanical magnification is shown in Figure. It employs a twisted
metal strip. Any pull on the strip causes the centre of the strip to rotate. A very light pointer
madeof glasstubeis attachedo the centre othetwistedmetalstrip. The measuringlungers
on the slit washer and transmits its motion throughhtlé crank lever to the twisted metal
strip. The other end of the twisted metal strip is fastenedto the cantilever strip. The
overhanging length of the cantilever strip can be varied to adjust the magnification of the
instrument. The longer the length thle cantilever, the more it will deflect under the pull of
thetwistedmetal stripandlessrotationof the pointeris obtained.

When the plunger moves by a small distance in upward direction the bell crank lever
turns to the right hand side. This exert®ece on the twisted strip and it causeshange in

its length by making it further twist or untwist. Hence the pointer at the centre rotates by some

amount. Magnificatiorup to 5000X canbe obtainedby this comparator

Scale I

i / Measuring plunger

Slhit
washer

Advantages of Mechanical Comparator:
1. They do not requireany externalsourceof energy.

2. Thesearecheapernndportable.



3. Theseare of robustconstructionand compactdesign.
4. The simplelinear scalesare easyto read.
5. Theseare unaffectedby variationsdueto externalsourceof energysuchair, electricityetc.
Disadvantages:
1. Rangeis limited asthe pointer movesover a fixed scale.
2. Pointer scalesystemusedcan causeparallaxerror.
3. Thereare numberof moving partswhich createproblemsdueto friction, andultimatelythe
accuracysless.
4. Theinstrumentmaybecomesensitiveto vibrationdueto high inertia.
¢) Mechanical - Optical Comparator:
Principle:

In mechanicaloptical comparator,small variation in the plunger movementis
magnified:first by mechanical systemndthenby optical system.
Construction:

The movement of the plunger is magnified by the mechanical system using a pivoted
lever. From the Figure the mechanical magnification = x2 / x1. High optiaghification is
Mechanical MeasuremenamdMetrology possiblewith a smallmovementof themirror. The

important factois that themirror usedis of front reflectiontypeonly.

Light source

T Condenser

Projection lens

X4
\\ Mirror
( Optical )

1 *2 X3 :

Mechanical

—~
magnification )

The back reflection type mirror will give two reflected images as shown in

Figure,hence¢he exactreflectedmagecannotbeidentified.



Advantages:
1. These Comparators are almost weightlesshave less numbef moving parts,duetothis
thereis lesswearandhencelessfriction.70
2. Higherrangeevenat high magnificationis possibleasthe scalemovespastthe index.
3. The scalecanbe madeto movepasta datumline andwithout havingany parallaxerrors.
4. They areusedto magnify partsof very small sizeand of complexconfigurationsuch
asintricategroovesjadii or steps.
Disadvantages:
1. The accuracyof measuremenis limited to 0.001 mm
2. They havetheir own built in illuminating devicewhich tendsto heatthe instrument.
3. Electrical supply is required.
4. Eyepiecdypeinstrumentmay causetrainonthe operator.
5. Projectiontype instrumentsoccupy large spaceandthey are expensive.
6. Whenthe scaleis projectedon a screenthenit is essentiako takethe instrumentto a
darkroomin orderto takethereadingsasily.
d) Sigma Comparator:
The plungeris attachedo a bar which is supportedbetweenthe bendingplatesat

thetop and bottonportion

(Top position
bending plate)

Scale

L-/ Knife-edge
—

{
Sapphire plate

7/t~ Fixed block

& Crossed strip

| T Moving biock
— Bar

Fixed bock ' j , E‘ Bending plate (Bottom position)

Plunger

Job
Movabls block (a)

(b)
Thebaris restrictedo movein theverticaldirection.A knife edgeis fixed to the bar.



The knife edge isttached to the sapphire plate which is attached to the moving block. The
knife edge extorts a force on the moving block through sapphire plate. Moving block is
attached to the fixed block with the help of crossed strips as shown in Figure (b). When the
force is applied on the moving block, it will give an angular deflection.-Ari which is
attached to the moving block transmits the rotary motion to the driving drum of radius r. This
deflectsthe pointerandthenthereadingis noted.

If I = Distancefrom hinge pivot to the knife edge

L = Length ofy-arm

R = Driving drum radius

D Lengthof the pointer

Thenthetotal magnification= (L/l) *(D/R)

2.5.3 Electrical Comparators
Electrical comparators give a wide range of advantages. As we lkgmmponents
like levers, gears, racks and pinions, activate mechanical devices. The accuracy and life ofthe

instrumentsareaffectedastheyaresubjectedo wearandfriction.

Height

adjustable
handle

Component

head \

Work table

t—— Plunger

HReading

............
@o———— Display screen

O l:] O — Electrical supply

Electrical comparators have no moving parts. Thus a high degree of reliability is
expected from these instruments. Generally there are two important applications of electrical
comparators:

1. Usedasmeasuringheads

2. Used for electrical gauging heads,to provide usual indication to check the
dimensionswithin thelimits laid down.

The first applicationis very important when there is a requirementfor precise
measurement for e.g. Checking or comparison of workshop slip gauges against inspection
slip gaugs. The second application is used to indicate with a green light if a dimension is

within



thelimits. A redlampindicatesanundersizedlimension;a yellow lampindicatesanoversize
dimension.So theoperatoris not required to beaware of the actualolerances on the
dimension. After setting the instrument correctly, all that needs to be done is to place the
component under the plunger of the gauging head. The signal lamps provide in standard
positiveindicationof theacceptabiliy of thedimensionundertest.

Advantages:

1. Measuringunits can be remotefrom indicating units.

2. Variable sensitivity which can beadjustedas per requirement.

3. No moving parts,henceit canretainaccuracyover long periods.

4. Higher magnificationis possibleas comparedo mechanicalcomparator.

Disadvantages:

1. Theaccuracyof working of thesecomparatorss likely to beaffectingdueto temperature
andhumidity.

2. It is not a self containedunit; it needsstabilizedpower supplyfor its operation.

3. Heatingof coils can causezerodrifts andit mayalter calibration.

4. 1t is more expensivethan mechanicalcomparator.

2.5.4 PneumaticComparators (SolexGauge):

Principle:

It works on the principle of pressure difference generated by th#oair Air is
supplied at constant pressure through the orifice and thesampes in the form of jets
through a restricted space which exerts a back pressure. The variation in the back pressure is
then usedo find the dimensionf a component.

Working:

Theair is compresseth thecompressoat high pressurevhichis equalto Waterhead
H. The excess air escapes in the form of bubbles. Then the metric amount of air is passed
through the orifice at the constant pressure. Dueestricted area, atAl position, the back
pressure is generated by the head of water displaced in the manometer tube. To determine the
roundness of the job, the job is rotated along the jet axis, if no variation in the pressure
readingis obtainedhenwe cansaythatthejob is perfectlycircularat position Al.

Then the same procedure is repeated at various positions A2, A3, A4, position and
variation in the pressure reading is found out. Also the diameter is measured at position
Alcorresponding to the pon against two jets and diameter is also measured at various

positionalongthelength ofthebore.
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Any variation in the dimension changes the value of h, e.g. Change in dimension
0f0.002 mm changes the value of h from 3 to 20 rivloderate and constant supply pressure
is requiredto havethe high sensitivityof theinstrument.

Advantages:

1. It ischeapersimpleto operateandthe costis low.

2. It is freefrom mechanicahysteresisaand wear.

3. The magnificationcan be obtainedas high as 10,000 X.

4. The gaugingmemberis not in direct contactwith the work.

5. Indicatingand measurings doneat two different places.

6. Tapersand ovality canbe easilydetected.

7. Themethodis selfcleaningdueto continuoudlow of air through the jetandthis
makesthe methodidealto beusedon shopfloor for online controls.

Disadvantages:

1. Theyarevery sensitiveto temperaturandhumidity changes.

2. The accuracymay be influencedby the surfaceroughnesof the componentbeing checked.
3. Differentgaugingheadsareneededor different jobs.

4. Auxiliary equipmentsuchasair filters, pressuregaugesndregulatorsaareneeded.

5. Norruniformity of scaleis a peculiaraspectof air gaugingasthe variation of backpressure

islinear,overonly a smallrangeof the orifice size variation.
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UNIT 1l
LINEAR MEASUREMENT AND ANGULAR MEASUREMENTS
1.1 Definition of Standards

A standard is defined &8s omet hing that is set wup and
rule of themeasuref quantity, weight, extent, valueqru al i t y 0 .
For example: a meter is a standard establishedby an international organization for
measurement of length. Industry, commerogernational trade in modern civilization would
beimpossible without a good system of standards.
Roleof Standards
The role of standards is to achieve uniform, consistent and repeatable measurements
throughout the world. Today our entirelustrial economy is based on the interchangeability
of parts the method of manufacture. To achitus, a measuring systeadequate todefine
the features to the accuracy required & the standards of sufficient accuracy to support the
measuringsystem ag necessatry.
STANDARDSOFLENGTH
In practice, the accurate measurement must be made by comparison with a standard of
known dimensionand such a standardis calledii Pr i 84 ray dBhe firsh .accurate
standardwas made in England and was known as i | mpl eStandardy a r whizth was
foll owed by I nternational Prototype metero

lengthweremadeof metal alloygsheyar e cal | ed Ddtmandcar daddd.l engt h

InternationalPrototypemeter
It is defined as the straight line distance, at 0°C, between the engraved lines of pure

platinumiridium alloy (90% platinum & 10% iridium) of 1020 mm total length and having a

Otrescad cross section as shown i ofthe wab. The

which coincides with theneutral axis of the section.
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The trescacrosssectiongivesgreaterrigidity for the amountof materialinvolved and
is therefore economic in the use of an expensive metal. The plaiiinm alloy is used
because it is non oxidizable and retains good polished surface required for engraving good
quality lines.

Imperial Standardard

An imperial standardyard, shownin fig, is a bronze(82% Cu, 13%tin, 5% Zinc) bar
of 1 inchsquare section and 38 inches long. A round recess, 1 inch away from the two ends is
cutat both ends upto the centaal6 n e u t r aflthelfad. an e 6

Further, a small round recess of (1/10) inch in diameter is made below the Temter.
gold plugs of (1/1pinch diameter having engravings are inserted into these $wldwgt the
lines(engravings) aren neutralplane.

Yardis definedas thedistancebetweerthe two centratransversdines ofthegold
plug
at620F.

The purpose of keeping the ggitligs in line with the neutral axis is to ensure that the
neutral axis remains unaffected due to bending, and to protect the gold plugs from accidental

damage.
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Bronze Yard was the official standardof length for the United Statesbetween18%

and 1892, when the US went to metric standards. 1 yard = 0.9144 meter. The yard is used as

the standard unit of fielength measurement in American, Canadian and Association football,
cricketpitch dimensionsswimmingpools, andn somecountriesgolf fairway measurements.
Disadvantageef Materiallengthstandards
1. Materiallengthstandardvary in lengthoverthe yearsowing to molecularchanges

in thealloy.
2. The exactreplicasof materiallength standardsvere not availablefor use

somewherelse.

3. If thesestandardsare accidentallydamagedor destroyedthen exact copiescould
notbe made.

4. Conversiorfactorshaveto beusedfor changingoverto metric system.

Light (Optical) waveLength Standard

Becauseof the problemsof variation in length of material length standardsthe
possibility of using light as a basic unit to define primary standard has been considered. The
wavelength of a selected radiation of light and is used as the basic unit of length. Since the
wavelength isnot a physal one, it need notbe preserved & can be easily reproducible

without considerable error.



A kryptortfilled dischargetube in the shapeof the element'satomic symbol. A
colorless, odorless, tasteless noble gas, krypton occurs in tracetaritothe atmosphere, is
isolated by fractionally distilling liquefied air. The high powand relative ease of operation
of krypton discharge tubes caus@bm 1960 to 1983) the official meter to be defined in
termsof oneorangered spectral line dfrypton-86.

Advantage®f usingwavelengthstandards
1. Lengthdoesnot change.
2. It canbeeasilyreproducectasilyif destroyed.
3. Thisprimaryunitis easilyaccessibléo anyphysicallaboratories.
4. It canbeusedfor makingmeasurementsith muchhigheraccuracythanmaterial
standards.
5. Wavelengthstandarcdcanbereproducedonsistentlyat anytime andat anyplace.

1.2 Subdivisionof standards
The imperial standardyard and the international prototype meter are masterstandards&

cannot be usedor ordinary purposes. Thus based upon the accuracy required, the standards

aresubdivided into fougrades namely;
1. PrimaryStandards
2. Secondarstandards
3. Teritiarystandards
4. Working standards
Primarystandards

They are material standard preserved under naysful conditions. These are not used

for directly for measurements but are used once in 10 or 20 years for calibrating secondary

standardsEx: InternationalPrototypemeter,Imperial Standardyard.

Secondargtandards



These are close cags of primary standards w.r.t design, material & length. Any error
existing in thesestandardsis recordedby comparisonwith primary standardsafter long
intervals. They are kept at a number of places under great supervision and sefeecase
for tertiary standards. This also acts as safeguard against the loss or destruction of primary
standards.

Teritiary standards

The primary or secondary standards exist as the ultimate controls for reference at rare
intervals. Tertiary standardsare the referencestandardsemployed by National Physical
laboratory (N.P.L) andhre thefirst standards tde usedfor referencein laboratories&
workshops. They are made as close copies of secondary standards & are kept as reference for
compaisonwith working standards.

Working standards

These standards are similar in design to primary, secondary & tertiary standards. But
beinglessin costandare madeof low gradematerialsthey areusedfor generalapplications
in metrologylaboratories.

Sometimesstandardsrealsoclassifiedas;
AReferencestandardgusedasreferencepurposes)
Acalibrationstandardgused forcalibrationof inspection& working standards)
Alnspectionstandards (usealy inspectors)

Aworking standardgusedby operators)
1.3 LINE STANDARDS

When the length being measured is expressed as the distance between two lines, then it

iscal |l e®dtabidaedo.

ExamplesMeasuringscales)mperialstandardyard, Internationalprototypemeter etc.

Characteristicsf Line Standards
1. Scalescanbeaccuratelyengravedut itis difficult to takethefull advantagef this
accuracyEx: A steel rulecanberead to about .2 mmof truedimension.
2. A scaleis quick and easyo useoverawiderangeof measurements.
3. Thewearontheleadingendsresultsn6 und ez i ngo
4. A scaledoesnotpossess @ b u i dé&tumwhich wouldallow easyscale alignmenith

theaxis of measuremerthis againresult;ié unsiez i ng o .



5. Scalesaresubjectedo parallaxeffect,which is a sourceof both positive& negativereading
errors
6. Scalesare not convenientfor close tolerancelength measurementexceptin conjunctionwith
microscopes.
END STANDARDS
Whenthe lengthbeingmeasureds expressea@sthe distancebetweentwo parallelfaces,thenit
iscalleddb En d s t Bndsthadards@an beadeto a veryhigh degreef accuracy.
Ex: Slip gaugesGapgaugesEndsof micrometeranvils, etc.
Characteristicef End Standards
1. Endstandardsarehighly accurateandarewell suitedfor measurementsf closetolerancesassmall
as0.0005 mm.
2. Theyaretime consumingn useand proveonly onedimension aatime.
3. Endstandardsiresubjectedo wearon theirmeasuringaces.
4. Endstandard$havea 6 b ui i nlétum,becauseheir measuringacesareflat & parallelandcanbe
positivelylocated ora datumsurface.
5. Theyarenot subjectedo the parallaxeffectsincetheirusedependonfi f e e |l 0 .
6. Groupsof blocksmaybefi wr u toggetherto build up anylength.But faulty wringingleadsto
damage.

7. The accuracyf bothend& line standardsreaffectedby temperaturechange.
1.4 CALIBRATION OFEND BARS

The actual lengths of end baran be found by wringing them together and comparing them with a calibrate
standard using a level comparator and also individually comparing among them. This hskisuip a
system of linear equations which can be solved to find the actual lengtltbvidual bars. The procedure is

clearlyexplained in théorthcomingnumerical problems

2.1 Vernier Instruments

Figure 2.1 VernierInstrument



- Theprincipleof vernieris thatwhentwo scalerdivisionsslightly differentin sizeareused,
thedifferencebetweerthem carbe utilizedto enhancéheaccuracyf measurement.

- The vernier calipeessentially consists of two steel rules and these can slide along each other.
One of the scales, i.e., main scale is engraved on a sshéped frame. On this scale cm
graduations are divided into 20 parts so that one small division equals 0.05 crmdQofehe
frame contains fixed jawwhich isshaped int@ contacttip atits extremity.

- The three elementsof vernier caliper, viz, beam, fixed jaw, and sliding jaw permit
substantialimprovementsin the commonly used measuringtechniquesover direct
measurememith line graduatedules.

- The alignment of the distance boundaries with the corresponding graduations of the
ruleis ensured byneansof thepositivecontact members (thaws of the calipelgauges).

- The datum of the measurementan be madeto coincide precisely with one of the
boundariesf thedistancdo bemeasured.

- The movable jaw achieves positive contact with the object boundary at the opposite end of the
distance to be measured. The closely obsenaitespondence of the reference marks on the

slide with a particular scale value significantly reduces the extent of ceadlignment

errors.
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Figure 2.2 VernierInstruments

- A sliding jaw which moves along the guiding surface provided by the main scale

coupledto a vernierscale.The sliding jaw at its left extremity containsanother




measuringip.

- Whentwo measuringip surfaces aren contactwith eachother,scaleshowszeroreading.
Thefineradjustmentofthemovablejawdmdonebytheadjustingscrew

- Firstthewholemovablejaw assemblys adjustedsothatthetwo measuringipsjust touch
thepartto bemeasuredThenlock nutB is tightenedFinaladjustmentlependinguponthesense
of correctfeelis madebytheadjustingscrew.

- Themovemenof adjustingscrewmakeghepartcontaininglocking nut A andsliding
jaw to move, as the adjusting screw rotates on a screw which is in a way fixed to the
movablejawAfter final adjustmenthasbeenmadeeglockingnutA is alsotightenedandthe
readings noteddown

- . Themeasuringtipsaresodesigr@astbmeasureinsidaswell asoutsidedimensions.

Outsidgaws:usedo measurexternaddiameteior width of anobject

Insidejaws:usedo measurénternaldiameteiof anobject

Depthprobe:usedo measurelepthof anobjectorahole

Main scalegivesmeasurements upto onedecimalplace(in cm).

Main scale givesmeasurements fraction(in inch)

Verniergivesmeasurementgpto two decimalplacegin cm)

N o a0 s~ wDdhPRE

Verniergivesmeasurementa fraction(in inch)

8. Retainerusedioblockmovablepatb allowtheeasytransferringmeasurement

2.2 Readingthe VernierScale

- Forunderstandingheworking of vernierscalelet usassumehateachsmalldivision of the
mainscales 0.025units.

- Say,thevernierscalecontain®25 divisionsandthesecoincideexactlywith 24 divisions ofmain
scaleSonowonevernierdivisionisequalt®?50f 24scaledivisions,e.,1/25 x 24x 0.025=
0.024 unit. Therefore, difference between one main scale small division anveromner
division(leastcountoftheinstrument)equals0®25024,i.e.0.001unit. It meansifthezero
of main scale and zero of vernier coincide, then the first vernier division will read 0.001 units
less than the 1 small scale division. Second vernier divisiiread 0.002 unitlessthan 2 small
scaledivisions andsoon. Thusifzero verniersdigle in between two small divisions on main
scaleits exactvaluecanbejudgedby seeingasto which vernierdivisionis coincidingwith

mainscaledivision.




A. MEASURING THE INSIDE 8. MEASURING THE OUTSIDE

Figure 2.3 Practical Applicationsof Vernier Calipers

- Thustoreadameasuremeritom averniercaliper,notetheunits,tenthsandfortieths which
the zero on theernier has moved from the zero on the main scale. Note down the vernier
division which coincides with a scale division and add to previous reading the number of
thousandsf aunitindicatedoythevernierdivisions

- e.g.,readingn thescaleshownin Fig. is 3 units+ 0.1 unit + 0.075unit + 0.008unit =
3.183 units. When using the vernier caliper for internal measurements the width of the
measuringawsmustbetakeninto account(Generallythewidth of measuringaw is 10 mm for

MetricSystem).
2.3 Types of Vernier Calipers

- According to IS 365a@ 1974 (Specification for vernier caliper), three types of vernier
calipers have been specified to meet the various needs of external and internal
measurementg to 2000mmwithvernieraccuracyof0.02,0.05and0.1mm.

- ThethreetypearecalledtypesA, B, Candhavebeenshowritigs.2.75,2.76and
2.79respectivelyAll thethreetypesaremadewith only onescaleonthefront of the beam
for directreading.

- TypeA hagawsonbothsidedorexternabndinternalmeasurementandalsohasa bladefor
depth measurements. Type B is provided with jaws on one side for external and internal
measurements. Type C has jaws on both sides for making the measurements and for

markingoperations.




Figure 2.4 Vernier Caliperwith Dial

All parts of the vernier calipers are madegoibd quality steeland the measuring faces
hardenedto 650 H.V. minimum. The recommended measuring ranges (nominal sizegrofer
calipersasperlS36519 1974are0d 125,00 200,08 250.00 300;00 500,008

750,00 1000, 75@ 1500 and750 2000 mm.

OntypeA, scaleservedor bothexternalandinternalmeasurementsyhereasn caseof typesB

and C, the main scale serves for external measurements and for marking purposes also in

typeC, butontypesB andC internalmeasuremen@remadeby addingwidthoftheinternal

measuringawsto thereadingonthescale Forthisreason the combinedwidth for internal

jaws is marked on the jaws in case of types B and C calipers. The combined width should

beuniformthroughouitslengthto within 0.01 mm.

Thebeanfor all thetypesis madeflat throughouits lengthto within thetolerance®f
0.05mmfor nominallengthsupto 300mm,0.08mmfrom 900to 1000mm,and0.15mmfor
1500and2000mmsizesandguidingsurfacesofthebeamaremadestraighitioin 0.01 mm
formeasuringrangeof20@mand0.01mmevery200mmmeasuriaggeof largersize.
Themeasuringurfacesregivenafine groundfinish. Theportionsof thejawsbetween thebeam
andthemeasuringfacesarerelieved. Thefixedjawismade an integralbartoéam and the
sliding jaw ismade a good sliding fit along with the beam and made to have séeere
movemenalongthebar.

A suitable locking arrangement is provided on the sliding jaw in order to effectively
clamp it on the beam. When the sliding jaw is clamped to the bearg pbaion within
themeasuringrange, theexternalmeasggfiacesshouldremainsquaretothguidingsurface
of thebeantowithin 0.003mmperl00mm.Themeasuringurface®f thefixed andsliding

jawsshouldbecoplanartowithihfO5Smmwhentheslidingjawis




clampedo thebeamin zeroposition.Theexternaimeasurindacesarelappedfat to within
0.005 mm. The bearing faces of the sliding gvould preferably be relieved in order to
preventdamage to the scale on the beam. Each of the internal measuring surfaces should
beparalleltothecorrespondingexternalmeasuringsurfacetowithin
0.025 mm in case of type B and C calipers. The intenmedsuring surfaces are formed
cylindricallywith aradiusnotexceedingnehalfof theircombinedvidth.

Errors in MeasurementsWith Vernier Calipers

- Errorsareusuallymaden measurementsith verniercalipersfrom manipulatiorof vernier
caliperandits jawsonthework piece.

- Forinstance, inmeasuring an outsidediameter, oneshouldbesurethatthecatipdrbar
t heplaneofthecaliperjawsaretrul ¢geprelingpendi c ul

- i.e. one should be sure that the caliper is not cantést],tibr twisted. It happens because
therelativelylong, extendingmainbarof theaveragererniercaliperssoreadily tipsin one
directionor theother.

- The accuracy of the measurement with vernier calipers to a great extent depends upon the
conditionofthejawsof thecaliper.Theaccuracyanthenaturalear,andwarping of vernier
caliper jaws should be tested frequently by closing them together tightly or setting them to
the0.0pointof themainandvernierscalesin this positionthecaliperis heldagainstalight
sourcelf thereis wear,springor warpaknockkneedconditionas shownin Fig. (a) Will be
observedIlf measuremerdrroronthisaccounis expectedo begreatetthan0.005mmthe
instrumenshouldnobeuse@ndsentorrepair.

- When the sliding jaw frame has become worn or warped that it does not slide squarely &
snuglyonmaincaliperbeam, thenjawswouldappear as showninfig. Whereawvatiper is
used mostly for measuring inside diameters, the jaws may beconhegiged as in Fig. (c) Or
i to6tsdeedgeswvornclownasin Fig. (d).

Care in the Useof Vernier Calliper

- Noplayshouldbetherebetweertheslidingjawson scale otherwisetheaccuracyof the vernier
caliperwillbelost. Ifplayexiststhenthegib at thebackofjawassemblymustbe bent so that gib
holdsthejawagainstheframeandplayisremoved.

- Usuallythetips of measuringawsarewornandthatmustbetakeninto accountMost of the

errorsusuallyresultfrom manipulatiorof theverniercaliperanditsjawsonthe




work piece.

In measuringnoutsidediameteit shouldbeinsuredhatthecaliperbarandtheplaneof the
caliperjawsaretruly perpendiculatotheworkp i e trgidudinalcentrdine. It shouldbe
ensuredhatthecaliperis notcantedtilted or twisted.

The stationary caliper jaw of the vernier caliper should be used as the reference point and
measureg@ointis obtainedyadvancingowithdrawingtheslidingjaw.

In generaltheverniercalipershouldbegrippednearor oppositethejaws; onehandfor the
stationary jaw and the other hand generally supporting the sliding jaw. The instrument
shoutinotbeheldbytheover a n g i nfgrmiedlytheprojectingmaitvarof thecaliper.
Theaccuracyn measuremergrimarily depend®ntwo sensesyiz., sensef sightand senseof
touch(feel).

The shoricomings of imperfect vision can however beercome by the use of
corrective eygglass and magnifying glass. But sense of touch is an important factor in
measurement&ensenf touchvariesfrom personto personandcanbedevelopedvith practice
andproperhandlingof tools.

One veryimportant thing to note here is that sense of touch is most prominent in the
finger-tips, therefore, the measuring instrument must always be properly balanced in hand
andheldlightly in suchawaythatonly fingershandlehemovingandadjustingscrewsetc. If
toolbeheldbyforce,thensensef feelisreduced.

Verniercallipermustalwaysbeheldatshortlegof mainscaleandjawsnevermulled.

2.4 Vernier heightgauge

Vernierheightgauges similarto verniercalliperbutin thisinstrumenthegraduatedaris

heldin averticalpositionandit isusedn conjunctiorwith asurfaceplate.

M Construction:

A vernierheightgauge consistsf

1. AfinelygroundandlappedbaseThebases massiveandrobustin constructiorio ensure
rigidity andstability.

2. Averticalgraduatedbeamorcolumnsupportednamassivéase.

3. Attachedto thebeamis asliding vernierheadcarryingthevernierscaleanda

clampingscrew.




4. Anauxiliaryheadvhichisalsoattachedothebeamaboveheslidingverniernead.It has
fine adjustingandclampingscrew.

5. A measuringaw or ascriberattachedo thefront of theslidingvernier

Figure 2.5VernierHeight Gauge




1 Use.

- Thevernierheightgaugas designedor accurataneasuremen@ndmarkingof vertical heights
aboveasurfaceplatedatum.

- It canalsobeusedto measuralifferencesn heightsby takingthevernierscalereadingsat each
heightanddetermininghedifferenceby subtraction.

- It canbeusedor anumbeiof applicationsn thetoolroomandinspectiordepartment.

Theimportant features ofernierheightgaugeare:

All thepartsaremadeof goodquality steelor stainlessteel.

Thebeanmshouldbesufficientlyrigid squarewvith thebase.
- Themeasuringjawshouldhaveaclearprojectionfromtheedgeofthebeamadjealsd
theprojectionof thebasefromthebeam.
- The upper and lower gauging surfaces of the measuring jaw shall be flat and parallel to the
base.
- Thescribershouldalsobeofthesamenominaldegthemeasuringjawsothatiay be
reversed.
- Theprojectionof thejaw shouldbeatleas25mm.
- Theslider shouldhavea goodsliding fit for all alongthe full working length of the
beam.
- Heightgaugeganalsobeprovidedwith dialgaugesnsteadf vernier.
Thisprovidesasyandexactreadingof slidermovemenby dialagaugewhichislargerandclear.
1 Precautions.
- Whennotin useyvernierheightgaugeshouldbekeptin its case.
- It should beested for straightnessyrenessand parallelisnof theworking facesof thebeam,
measuringaw andscriber.
- Thespringingof themeasuringaw shouldalwaysbeavoided.
2.5 Vernier DepthGauge
Vernierdepthgauges usedto measurehe depthsof holes,slotsandrecessedp locate centre
distancegtc.It consistof

1. Aslidingheadhavingflat andtruebasdreefrom curvesandwaviness.




2. A graduatetheamknownasmainscale Theslidingheadslidesoverthegraduated beam.

3. Anauxiliaryheadwith afine adjustmenandaclampingscrew.
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Figure 2.6 VernierDepthGauge

- Thebeanisperpendicularothebasean bothdirectionsanditsendssquareandflat.

- Theendof thesliding headcanbesetat anypoint with fine adjustmentmechanismocked
andreadfromthevernierprovidedonit, while usingtheinstrumentthebaseas heldfirmly on
thereferencesurfaceandlowersthebeaminto theholeuntil it contactshe bottomsurfaceof
thehole.

- The final adjustmentdependingupon the senseof correct feel is made by the fine
adjustmenscrew.The clampingscrewis thentightenedandtheinstrumentis removedfrom the
holeandreadingtakenin thesameway astheverniercalliper.While usingthe instrumenit
should be ensured that the reference surface op which the depth gauge base is rested is
satisfactorilytrue,flat aridsquare.

2.6 Micrometers

- Themicrometerscrewgaugeessentiallyconsistof anaccuratescrewhavingaboutl0 or 20

threadgpercmandrevolvesn afixed nut.
- The end of the screw forms one measuringtip and the other measuringtip is

constitutedoy a stationaryanvil in thebaseof theframe.Thescrewis threadedor




Certainlengthandis plain afterwardsThe plain portionis calledsleeveandits endis the
measuringurface.

- Thespindleisadvancedorretractedbyturningathimbleconnectedtothespinel&pindle
isaslidefitoverthebarrelandbarrelisthefixedpartattachedwiththeframe.

- Thebarrelis graduatedn unit of 0.05cm.i.e. 20divisionspercm,whichis theleadof the
screwfor onecompleterevolution.

- Thethimblehasgot25divisionsaroundts peripheryoncircularportion.Thusit sub divides
eaclrevolutionofthescrewin2&qualpartd,e.eachdivisioncorrespondsto

0.002cm. A lock nut is providedfor locking a dimensionby preventingmotion of the

spindle.
ANVIL SPINDLE SPINDLE LOCK SLEEVE THIMBLE RACHET
FACE  FACE / NUT i
. : /
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Figure 2.7 Micrometers

- Ratchet stop is provided at the end of the thimble cap to maintain sufficient and uniform
measuringpressuresatistandardonditionsofmeasurementareattained.

- Ratchestopconsist®of anoverridingclutchheldby aweakspring.

- When the spindle is brought into contact with the work at the correct measuring pressure,
theclutchstartsslippingandnofurthermovementofthespindletakesyigcthe rotation of
ratchet.In thebackwardmovementt is positivedueto shapeof ratchet.

Readinga Micrometer:

- In orderto makeit possibleto readupto 0.0001inchin micrometerscrewgaugeavernier

scalas generallynadeonthebarrel.




Thevernierscalehasl10 straightlineson barrelandthesecoincidewith exact9 divisionsonthe
thimble.Thusonesmalldeviationorthimbleisfurthersubdividednto 10 partsandtakingthe
reading one has to see which of the vernier scale division coincides with division of the
thimble.

Accordinglythereadingfor givenarrangemen fig. will be, On

main barrel :0.1200
Onthimble :0.0140
Onvernierscale :0.00010
Totalreading :0.13420

Beforetakingthereadinganvil andspindlemustbebroughttogethercarefullyandinitial reading

noteddown.ltscalibrationmustbecheckedbyusingstandardgaugeblocks.

0.0003 |
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Figure 2.8 Practical Applicationsof Micrometers

In metricmicrometersthepitchof thescrewthreads 0.5mmsothatonerevolutionof screw
movest axiallyby0.5mm.Main scaleonbarrelhaseastdivisionof 0.5mm.the thimblehas
50divisionsonits circumference.

Onedivisiononthimble=0.5/50mm=0.1mm

If vernierscaleis alsoincorporatedthensubdivisiomsthethimblecanbeestimatedip to an
accuracyf 0.001mm.

Readingpf micrometeiis 3.5mmonbarreland? divisionsonthimble

=3.5+7 x0.001=3.5 +0.07 =3.57 mm

Cleaningthe Micrometer:

Micrometerscrewgaugeshouldbewipedfreefromoil, dirt, dustandgrit.




Whenmicrometerfeelsgummyanddust ridderand thethimblefails to turnfreely, it
should never be bodily dunked in kerosene or solvent because just soaking the assembled
micrometeffails to floatthedirt away.

Furtherit mustberememberethattheapparenstickines®f themicrometemaynotbe
duetothgyritandgumbuttoadamagethreadandsprungrameorspindle.
Everytimethemicrometerisused, measuringsurface, theanvilandspindleshaiddined.

Screw the spindle lightly but firmly down to a clean piece of paper held between spindle
andanvil.

Pull the piece of paper put from between the measuring surface. Theewutise spindle

few turnsandblow outanyfuzz or particlesof paperghatmayhaveclungto sharpedgesof

anvilandspindle.

Precautions in using Micrometer

In ordertogetgoodresultsoutoftheuseofmicrometerscrewgauge, theinspecdtienpérts

must be made as follows. Micrometer should be cleaned of any dust and spindle should
movefreely.

The part whose dimension is to be measured must be held n left hand ancrdinecter

in right hand. The way for holding the micrometer t® place the smalfinger and
adjoiningfingerintheU 1 Shapedrame.

The forefinger and thumb are placed near the thimble to rotate it and the middle finger
supportghemicrometeholdingit firmly.

Themicrometerdimensionisset slightlylarger than thesizeofthe part andpart is slid over the
contact surfaces of micrometer gently. After it, the thimble is turned till the measuring
pressurasapplied.

In the case of circular parts, thecnometer must be moved carefully over representative
arcsoasto notemaximumdimensioronly. Thenthemicrometereading igaken.

The micrometers are available in various sizes and ranges, and corresponding micrometer
shouldbechoserdependingiponthedimension.

Errorsin readingmayoccurdueto lack of flathessof anvil, lack of parallelismof the anvils
atpartof scaleor throughoutjnaccuratesettingof zeroreading etc.variousteststo ensurdghese
conditionsshouldbecarriedoutfromtimetotime.

2.7 Bore gauge:




- Thedialboregaugeshownin fig. arefor miniatureholemeasurements.

- The gaugeis suppliedwith a set of split ball measuringcontactpoints which are hard
chromeplatedto retainoriginal spheres.

- Along with the measuringprobes settingrings arealso providedto zerosetthe indicator
whenevetheprobesareinterchanged.

Actualring sizeis engraved on the rinfgames to thelosestD.001 mm value.

12.7mm  54mm  19mm 90mm 8mm  32mm

19mm 90mm  32mm  150mm 12.7mm 54mm

Figure 2.9 Boregauges

2.8 Dial indicators

1 Introduction

- Dial indicators are small indicating devices using mechanical means such as gears and pinions
or levers for magnification system. They are basically used for making and checking
linearmeasurements.

- Many a times they are also used as comparalial indicator, in fact is a simple type of
mechanicatomparator.

- When a dial indicator is used as an essentialpart in the mechanismany setup for
comparisormeasuremeingurposesit is calledasagauge.

- Thedial indicatormeasureshedisplacementf its plungeror astylusonacirculardial by
meansf arotatingpointer.

- Dialindicatorsareverysensitiveandversatileinstruments.

- Theyrequirelittleskillintheirusethanotherprecisioninstruments,suchasmicrometmier
callipers,gaugestc.However,adial indicatorby itself is not of muchunlesst is properly
mountecandsetbeforeusingfor inspectiorpurposes.

Uses:




- Bymountingadialindicatoronanysuitabléaseandwith variousattachmentst canbeused
for varietyof purposessfollows.
1. Determiningerrorsin geometricalformsg.g.,ovalityoutof-roundnesdaperetc.
2. Determiningpositionakerrorsof surfacese.g.,in squarenesparallelismalignmentetc.
3. Takingaccurataneasurementsf deformation(extensioncompressionjn tensionand
compressiotestingof material.
4. Comparingtwo heightsor distancedetweemarrowlimits (comparator).The
practicalapplicationf theuseof dialindicatorare:
1. Tocheckalignment oflathecenters byisinga suitableaccurateébar betweementers.
2. Tocheckiruenessf milling machinearbors.

3. Tocheckparallelismof theshaperamwith tablesurfaceor like.

Transparent

Dust Proof Cap Diat Cover
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Figure 2.10Dial Indicators
2.9 Slip Gauges

- Slip gauges or gauge blocks arg@versally accepted end standard of length in indu$trigse

wereintroducedbyohnsonaSwedishengineeandarealsocalledasjohansorgauges




Figure 2.11 Dimensions & Slip Gauge

Slip gauges are rectangular blocks of high grade steel with exceptionally close tolerances.

These blocksaresuitablyhardenedhrough out to ensumaximumresistanceowear.

- They are then stabilized by heating and cooling successively in stages so that hardening
stresseareremoved After beinghardenedheyarecarefullyfinishedby highgradelapping
toahighdegreeffinish, flatnessandaccuracy.

- Forsuccessfuliseof slip gaugegheirworking facesaremadetruly flat andparallel.A slip
gauges shownin fig. 3.36.Slip gaugesrealsomadefrom tungstercarbidewhichis extremely
hardandwearresistance.

- Thecrosssectionsofthesegaugesare9mmx30mmforsizesuptol0mmand98Bnxmmfor
largersizes Any two slipswhenperfectlycleanmaybewrungtogetherThe dimensionsre
permanentlymarkedononeofthemeasuringfacesofgaugeblocks

1 Gaugedblocksareusedior:

1. Directprecisemeasuremenyheretheaccuracyothework piecedemand#.

2. For checkingaccuracyof vernier callipers, micrometers,and such other measuring
instruments.

3. Settingupacomparatoto aspecificdimension.

4. Formeasurin@ngleof work pieceandalsofor angularsettingin conjunctionwith a sine
bar.

5. Thedistancesfplugs,spigotsgetc.onfixtureareoftenbestmeasurediththeslip gauges
orendbarsfor largedimensions.

6. Tocheckgapbetween paralldbcationssuch asn gapgaugesor betweertwo mating

parts.

2.10 Telescopic Gauges




The telescopic gauge is used for measuring internal diameter of holes, slots and grooves etc. It
consistsofahandlewithtworodsinatube at oneendandaworkingscrew ath#reend. The

rods having spherical contacts camslivithin a tube and are forced apart by an internal
spring.

Thelocking screw carlock therodsat anydesiredpositionthrougha spring.While taking
measurementshe rods are pressed closer and inserted into the hole to be measured. The
rodsthenopenout totouchthemetalsurface, ofthe holeonboth3ideg.are then locked in
positionbymean®f alockingscrewThetelescopigauges thentakenoutfromthehole.The

dimensionacrossthetipsismeasuredbymicronat®iernier caliper.

2.11 Introduction to Angular Measurement

Angular measurements are frequently necessary for the manufacture of interchangeable parts.
Theshipsandaeroplanescannavigateconfidentlywithoutthe help of the site of the land; only
becausef preciseangularmeasuringlevicescanbeusedn astronomyto determinegherelation
of thestarsandtheirapproximatalistances.
Theangleis definedastheopeningoetweeriwo lineswhichmeetatapoint.If oneof thetwo
linesismovedatapointin anarc,acompletecirclecanbeformed.
Thebasicunitinangularmeasurementistherightangle, whichisdefined as théahgken
twolineswhichintersecsoasto maketheadjacenanglessqual.
If a circle is divided into 360 equal parts. Each part is called as déyrEach degree is
dividedin 60minutey dahdeachminuteisdividedinto60second$ i ) .
This method of defining angular units is known as sexagesimal system, which is used for
engineeringurposes.
An alternativemethodofdefiningangleisbasedontherelationshipbetweentherawilisrc
of acircle.lt is calledasradian.
Radian is defined as the angle subtended at the centre by an arc of a circle of length
equal to itsradius.
It is morewidely usedn matrematicainvestigation.
2 radians =360, giving,
1 radian=57.2958degrees.




In addition linear units such as 1 in 30 or millimeters per meter are often used for

specifyingtapersanddeparturefrom squarenessr parallelism.

2.12 BevelProtector

It is probably the simplest instrument fareasuring the angle between two faces of
component.
It consist®of abaseplateattachedo themainbody,andanadjustabldladewnhichis attached
to acircularplatecontainingvernierscale Theadjustabldladeis capableof rotating freely
about the centre of the main scale engraved on the body of the instrument and can be
lockedin anyposition.
An acute angle attachment is provided at the top; as shown in fig. for the purpose of
measuringcuteanglesThebaseof thebaseplateis madefl atsothatit couldbelaid flat upon
theworkandanytypeofanglemeasurgt capableofmeasurementfrodf to 36
Thevernierscalehas24divisionscoincidingwith 23mainscaledivisions.Thustheleastcountof
t he 1 nst r umiastrument is mastGommadnty iused in workshops for angular
measurementsdl moreprecisionsrequired.
A recent development of the vernier bevel protector is optical bevel protector. In this
instrumentaglasscircle dividedat 1 Oiritervalsthroughouthewhole 36 is fitted inside
the mainbody.

A smallmicroscopas fitted throughwhich the circle graduationcanbeviewed.The
adjustable blade is clamped to a rotating member who carries this microscope. With the aid of

microscopet is possibleo readoby estimatiortoabou2 6 .
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Figure 2.12 BeveProtector

Universal Bevel Protector

- It is usedfor measuring andaying out of anglesaccuratelyand precisely within 5
minutes.Theprotectordial is slottedto holdabladewhich canberotatedwith thedial tothe
required angleandalsoindependentlyadjustedtoanydesiredlength. Thelaladee locked
in anyposition.

Bevel Protectors as Per Indian Standard Practice

Thebevel protectorare of twotypes, viz.

1. MechanicaBevelProtector,and
2. OpticalBevelProtector.
1. Mechanical bevelprotector:

- ThemechanicabevelprotectorarefurtherclassifiedntofourtypesA, B, CandD.

- IntypesA andB, thevernieris graduatedio readto 5minutesof arcwhereasn caseof type C,
the scale is graduated to read in degrees and the bevel protector is without vernier or fine
adjustmentieviceor acuteangleattachment.

- ThedifferencebetweerntypesA and Bis that typeA is providedwith fine adjustment
deviceoracuteangleattachmentwhereastype Bisnot. Thescalesofallthetypesdwated
eitherasafullcirclemarkedd 906 06 90withonevernieroassemicirclemarked0d 903
Owith two verniers18® apart.

- Type D is graduated in degrees and is not provided with either vernier or fine adjustment
deviceor acuteangleattachment.

2. Optical bevelprotector:
- In the case of optical bevel protector, it is possible to take readingsappraximately 2

minutesofarc.Theprovisionismadeforaninternalcircularscalewhichisgraduated




in divisionsof 10 minutesof arc.

- Readingsare taken againsta fixed index line or vernier by meansof an optical
magnifyingsystemwhichis integralwith theinstrument.Thescaleis graduatedasafull circle
marked @ 900 00 90. The zero positions correspond to the condition when the blade is
parallel to the stock. Provision idsa made for adjusting the focus of the system to
accommodataormalvariationgn eyesight.Thescaleandvernierareso arrangedhatthey
arealwaysin focusin theopticalsystem.

Various Components of Bevel Protectors

Body:lt isdesignedinsuchawaythatitsbackisflatandthere arenoprojectionsbeybadks so
thatwhenthebevelprotectoiis placedonits backonasurfaceplatethereshallbe no perceptible

rock. The flatness of the working edge of the stock and bodgsited bychecking the
squarenessf bladewith respectostockwhenbladeis setat9(.

Stock:The working edge of the stock is about 90 mm in length and 7 mm thick. It is very
essentialhattheworking edgeof thestockbeperfectlystraightandif atall departures there |t
shouldbein theform of concavityanaftheorderof 0.01lmmmaximumoverthewholespan.

Blade:lt canbemovedalongtheturretthroughouits lengthandcanalsobereversedit is about
1500r300mmlong,13mmwideand2 mmthick andendsbeveledatanglesof 45° and6d within
theaccuracyf 5 minutesof arc.lts workingedgeshouldbestraightupto
0.02mmandparallelupto0.03mm overtheentirelengthof 300mm. It canbeclampedn any
position.

Actual Angle Attachment

It canbereadilyfitted into bodyandclampedn anyposition.lts working edgeshouldbe flat to
within 0.005mm andparallelto theworking edgeof thestockwithin 0.015mm over the entire
lengthof attachment.

The bevel protectors atested for flatness, squareness, parallelism, straightness and angular

intervalsby suitablemethods.
2.13 Sine Principle and Sine Bars

- Thesineprincipleusedheratioof thelengthof two sidesof arighttrianglein derivingagiven

angle.l tmaybenotedthatdevicesopemart athigom.sad |




- The measurement is usually limited to 450 from loss of accuracy point of view. The
accuracy with which the sine principle can be put to use is dependent in practice, on some
form of linearmeasurement.

- ThesinebarinitselfisnotacompletameasuringnstrumentAnotherdatumsuchasa surface
plate isneeded, as well as otherauxiliaryequipment, notablyslipgaugesndiwting device
to make measurements. Sine bars used in conjunction with slip gaargggute a very good
devicefor theprecisaneasuremerf angles.

- Sine bars are used either to measure angles very accurately or for locating any work to a given
anglewithin verycloselimits.

- Sine bars are made from high carbon, high chromium, dorragsistant steel,

hardenedground andstabilized.

hardened and gr

A
\
gauge blocks .
_ Y
Y
| \ surface plate
1dened and ground cylinders
Figure 2.13 Usef sinebar
Where, L = distancébetweercenterof groundcylinder(typically5 éobl 0 AHE&)

heightof thegaugeblocks
U=t heangl ewfthepl ane

=asin (h/l)




Figure 2.14 PracticalApplication ofsine bar
Useof sinebar:

1. Measuringknown anglesor locatinganyworkto a given angle. Forthispurposethe surface
plateis assumedo behavinga perfectlyflat surface sothatits sufacecouldbetreated
ashorizontal.

Oneof thecylindersor rollersof sinebaris placedonthesurfaceplateandotherrolleris
placedontheslipgauge®f heighth. Letthesinebarbesetatanangleq. Thensin M= h/l,

where | isthedistance between the center of the rollers. Thus knowing, h can be found
outandanyworkcouldbesetatthisangleasthetopfaceof sinebaris inclinedatanglef’
tothesurfaceplate.

The useof angleplatesand clampscould 8 alsobe madein caseof heavy

components.

For better results, both the rollers could also be placed on slip gaugesChecking of
unknownanglesManyatimes,angleof acomponento becheckedsunknownlIn sucha
case, it is necessary to first find the angle approximately witthéfie of abevel
protector.

Let theanglebe 8. Thenthe sinebaris setat anangléandclampedto anangleplate.
Next,thework is placedon sinebarandclampedo angleplateasshownin Fig. And a
dialindicatoris setatoneendof thework andmovedto theother,anddeviationis noted.

Again slip gauges are so adjusted (according to this deviation) that dial indicator reads
zeroacrossvork surfaceFig.

If deviationnoted down byhedial indicatoris 6hoveralengthl' of work, then




heightof slip gaugedy whichit shouldbe adjusteds equalto =6h xI/I

Checkingof unknownanglesof heavycomponentln suchcasesvherecomponentsre
heavyandc a réntountedonthesinebar,thensinebaris mountedonthe component

asshownin Fig.

Theheightovertherollers can thenbemeasuredbya vernierheight gauge;disirtgat
gaugemountedbntheanvil of heightgaugeasthefiducially indicatorto ensureconstant
measuringpressureTheanvil on heightgaugeis adjusted withprobeof dial testgauge
showing sameeading for the topmost position of rollers of sine bar. Fig. Surface plate
shows the use of height gauge for obtaining two readings for either of the Fig. shows
theuseof heightgaugefor obtainingtwo readinggor eitherof theroller of sinebar.
Thedifferenceofthetworeadingsofheightgaugedividedbythecentredistargiaef bar
gives the sine of the angle of the component to be measured. Where greateraccuracyis
required, the posin of dial test gauge probe can be sensed by adjusting a pile of slip
gaugestilldialindicatorindicatessamereadingoverrollsingé bar andthe slip gauges.
1.4 Angle Gauges
Thefirst setof combinationof anglegaugesvasdevisedoy Dr. Tomlinsonof N.P.L. With
thirteenseparatgaugesisedn conjunctionwith onesquareéblockandoneparallelstraight
edge, i ti spossi bl etoset upany amgubesarebuilttpe ne ar
togivealineardimensioftheanglegaugescanbebuilduptogaveequiredangle.
Angle gauges PIVOT are made of hardened steel and seasoned carefully to ensure
permanencef angularaccuracyandthemeasuringacesarelappedandpolishedto a high
degree of accuracy and flatnedelslip gauges. These gauges are about 3 inch (76.2 mm)
long, 5/8 inch (15.87 mm) wide with their faces lapped to within 0.0002 mm and angle
betweerthetwo endgo+2 seconds.
The secretof this systemin having any angle in step of 3 ' i the adoption of a
mathematicaderieofthevaluesnftheangleofvariousgaugesftheset.

Thethirteergaugesanbedividedintothreeseriedegreesminutesandfractionsofa




minute. Thegaugesvailablen first seriesareof angle1®, 3%, 9%, 27°, and41°. Secondseries
comprised', 3,9 6 a2n7dd agauypésadthisseriehasd . 0091'P,. 3 Da b d
(or3 06,01,8amd3 0 anglegauges.

All theseanglegaugesn combinationcanbeaddedor subtractedthus,makingalarge
numberof combinationgossible Therearetwo setsof gaugesvailable designateds AandB.
ThestandarédcontainsalltheabovE3 gaugesStandardcontainsonyi2 gaugesanddoes
nothave the0.05'anglegauge.

Directcombinatiorenablesomputatiorof anyangleupto 81°4 0 . 9 angledatgerthan

this can benade up with the help of the square block. However, an additional gauge of 9
canalso be supplied with the set to obtain a fulf 8Agle without the use dhe square. Fig.
illustrates how the gauges can be used in addition and subtraction. The procedure used for
makingvariousanglesisfollowse.gsay wehaveobuildupanangleof 57° 3 8900 .
Firstwepayourattentiontowardsdegreenly. So57° couldbebuilt upas41°+ 270 -9°

+10-3°

Next if the minutes are | ess than 406, the
degreesnustbeincreasedy 1° andthenumberof minutesnecessaryo correctthe total is
subtractedderenow8 4 6 c kelwiltzad7 6 & P dltandastly9 ésbuiltupas0.1'+0 . 05 6 .

It maybenoted that each angle gauge is marked with engraved V which indicates the direction
of includedangle Whentheanglesof individual anglegaugesreto beaddedup thenthe Vs of

all angle gauges should be in line and when any angle issolteacted, its engraved V
shouldbein otherdirection.

Thus it is seen that any angle could be made up but the block formed by the combination
of a number of thesgauges is rather bulky and, therefore, cannotlveays directly applied
tothework. Butthesegaugedeingusedasreferenceandtaking theaid of otheranglemeasuring
deviceswillbegoodproposatmanyplaces.

Angle gauge blocks seem to lack the requisites for use as primarystandards becasisge

easily compounded when andkocks are wrung in combination. Further the absolute

verification of angle blocks is usualtiependent on some other primatgndard.




Usesof Angle Gauges
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Figure 2.15Set ofanglegauges
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Directuseof anglegaugeso measur¢heanglein thedieinsert:

- To test the accuracy of the angle in the die insert, the insert is placed against an
illuminatedglasssurfaceplateorinfrontof an inspectionlightbox. Thecombination
of angle gauges is so adjusted and the Hopilcombination, of angle gauges
carefully insertedn positionsothatnowhite light canbeseerbetweerthegauge
faces and die fas. It may be noted that when all the engraved Vs on the angle
gaugesarein the samdine, all anglesareaddedup. In casesomeengraved/s on
anglegaugesareatherside thoseanglesaresubtracted.

Useof anglegaugeswith squareplate:

- As already indicated, the use of square plate increases the versatility of the
application of angle gauges.Generally, the squareplate has its 90° angles
guaranteed to within 8econds of arc. Where very high degree of accuracy is
requiredthefourcornersofthesquareplatearenumberasA, B, CandD, andatest
certificate are issuedith each set of angle gauges, giving the measured angle of
eachcorner.Thewholesetupis placedagainsi@anilluminatedglasssurfaceplate.

It maybenotedthattheuseof slip gaugesasto bemadein orderto facilitatethe
testing.

Sofar,wehaveusedanglegaugeso obtainavisualcomparisorf ananguladimensionundertest.It
hasalsobeernrealizedthatthoughit maybepossibleio obtaingoodresultsbut it is difficult to give an
estimateof the actuabngularerror. Forvery preciseangularmeasurementanglegaugesareusedn
conjunctiorwith angledekkor.

1.5 Autocollimators
This is an optical instrument used for the measurement of simglilar differences.
For small angular measurementsautocollimator provides a very sensitive and accurate

approachAuto-collimatoris essentiallyaninfinity telescopanda collimatorcombined into




one instrument. The principle on which this instrument works is given below. O is a point
source of light placed at the principal focus of a collimating lens in Fig. Bt&0rays of light

from O incident on the lensilvnow travel as a parallel beam dight. If this beam now

strikes a plane reflector which is normal to the optical axis, it will be reflected back along its
own pathandrefocusedatthe samepoint O. If the planereflectorbenow tilted througha small

angle 0, [Refer Fig] then parallel beam will be deflected through twice this angle and will be
brought to focus at O6 in the same plane at

fisthe focal length of thé&ens.
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Therearecertainimportantpointsto appreciatéere:
The position of the final image does not depend upon the distance of reflector from the
lens, i.eseparation xs independentf the position ofeflector from thdens.But if reflector is
moved too much back then lefted rays will completely miss the lens and no image will be

formed. Thus for full range of readings of instrument to be used, the maximum remoteness of
thereflectoris limited.
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For high sensitivity, i.e., for large value of x for a small angulardeviationd a long
focallength is required.

Principleof the Autocollimator

A crosslinefi t a rggatctilés positionedat the focal planeof a telescopenbjective

systemwith the intersectiomf the crossline othe opticalaxis, i.e.atthe principalfocus.




When the target graticule is illuminated, rays of light diverging from the intersection point
reach the objective via a beam splitter and are projdadet the objective as parallel pencils
of light. In thismode, theoptical systenis operatingasaii c ol | i mat or O

A flat reflector placed in front of the objective and exactly normal to the optical axis
reflects the parallel pencils of light back along their original paths. They are then brought to
focus in the plane of the targetgraticule andexactor coincident with its intersection.A
proportion of the returned light passes straight through the beam splitter and the return image
of the target crossline is therefore visible through the eyepibtehis mode, theoptical
systemis operatingas atelescope focusedt infinity.

If the reflector is tilted through a small angle the reflected pencils of light will be
deflected by twice the angle of tilt (principle of reflection) and will be brought to focus in the
plane of the target graticule but linearly displaced from the actual target crosslines by an
amount. 2d *

Linear displacement of the graticule image in the plane of the eyepiece is therefore
directly proportional to reflector tilt and can be measured by @piege graticule, optical
micrometer no electronic detector system, scaled directly in angular units. The autocollimator
is set permanently at infinity focus and no device for focusing adjustment for distance is

provided or desirable.It respondsonly to reflector tilt (not lateral displacementof the

reflector).
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This is independentof separationbetweenthe reflector and the autocollimator,
assuming no atmospheric disturbance and the use of a perfectly flat reflector. Many factors
govern thespecification of an autocollimator, in particular its focal length and its effective
aperture. The focal length determines basic sensitivity and angular measuring Taege.
longer the focal length the larger is the linear displacement for a given retiéctout the

maximumreflectortilt which canbeaccommodatets consequentlyeducedSensitivityis




Thereforetraded against measuring range. The maximum separation between reflector and
autocollimator, or Aworking distanceo, i's go
and the angular measuringrange of the instrument becomesreducedat long working
distances. Increasing the maximum working distance by increasing the effective aperture then
demands a larger reflector for satisfactory image contrast. Autocollimator design thus involves
many conflicting criteria and for this reason a range of instrumsmsquired to optimally
covereveryapplication.

Air currents in the optical path between the autocollimator and the target mirror cause
fluctuations in the readingsobtained. This effect is more pronouncedas distancefrom
autocollimator to target mirrancreases. Further errors may also occur due to errors in flatness
andreflectivity of thetarget mirronwhich shouldoe of high quality.

When both the autocollimator and the target mirror gauge can remain fixed, extremely
close readings may be taken ampeatability is excellent. When any of these has to be moved,

greatcareis required.

Testsfor straightness
It can be carried out by using spirit level or aatlimator. The straightness of any

surface could be determined by either of theseruments by measuring the relative angular
positions of number of adjacent sections of the surface to be tested. So first a straight line is
drawn on the surface whose straightness is to be tested. Then it is divided into a number of
sections, the lengtof each section being equal to the length of spirit level base or the plane
refl ector 6s b adlimator. Generalystke basés ofathetspirit level block or
reflector are fitted with two feet so that only feet have line contact with thaceuaind whole
of the surface obase does not touch the surfacebt tested. This ensures that angular
deviation obtained is between the specified two points. In this case length of each section must
be equal to distance between the centre lines of teto Tée spirit level can be used only for
the measurement of straightness of horizontal surfaces whilecallitnator method can be
used on surfaces in any plane. In case of spirit level, the block is moved along the line on the
surface to be tested inegts equal to the pitch distance between the centre lines of the feet and
the angular variations dhe direction of block are measured by the sensitive level on it.
Angular variation can be correlated in terms of the difference of height between twolyoints
knowingthe least countf level and length of the base.

In caseof measuremertty auto-collimator, the instrumens placed at distanceof
0.5 to 0.75 metrérom the surface to be tested on any rigid support which is independent of

thesurfaceto betested. Thearallelbeamfrom theinstrumenis projectedalongthe 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 reflector and the
instrument are set suchat the image of the cross wires of the collimator appears nearer the
centre of the field and for the complete movement of reflect or along the surface straight line,
theimageof crosswireswill appeain the fieldof eyepieceThereflectoris thenmovedto the
other end of the surface in steps equal to the centre distance between the feet and the tilt of the
reflectoris noted dowrin seconds from theyepiece.

Therefore, 1 sec. of arc will correspond to a rise or fall of 0.000006* | mm, where | is
the distancebetweencentersof feetin mm. The conditionfor initial and subsequenteadings

is shownin Fig. 7.2 inwhich therise andfall of thesurfaceis shown toanuch exaggerated.
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With the reflector set at-la (1st reading), thenicrometer reading is noted and thise
is treated as datum line. Successive readingscatil, d-e etc. are taken till the lengtt the
surface to be tested has been stepped along. In other to eliminate any error in previous set of
readings, the sead set of readings could be taken by stepping the reflector in the reverse
direction and mean of two taken. This mean reading represents the angular position of the
reflectorin seconds relative ttihne optical axis oautecollimator.

Column 1 gives thegsition of plane reflector at various places at intervals &.§. a
b, b-c, c-d etc.,column2 givesthe meanreadingof autc-collimatoror spirit levelin seconds. In
column 3, difference of each reading from the first is given in order to treatdading as
datum.Thesedifferencesarethenconvertednto the correspondindinearrise or fall in column
4 by multiplying column3 by 6 | Gdlumn5 givesthe cumulative riseor fall, i.e., the heightof
the support feet of the reflector above ttegum line drawn through their first position. It
should be noted that the values in column 4 indicate the inclinations only and are not errors
from the true datum. For this the values are added cumulatively with due regard for sign. Thus
it leaves a finaldisplacement equal td. at the end of the run which of course does not

representhe magnitudef errorof the surface, bus merelythedeviationfrom a




straight line produced from the plane of the first reading. In column 5 each figure represents a point,
thereforeanadditionalzerois put atthe toprepresentinghe heighof pointa.

The errors of anpurfaced may be required relatite any mean plane. If it be assumed that
mean plane is one joining the end points then whole of graph must be swung round until the end point is
on the axis. This is achieved by subtracting the length L proportionatetytifre readings in column 5.

Thus if n readings be taken, then column 6 gives the adjustbndofis d 2L/ né et c. , t o
ends to zero. Column 7 gives the difference of columns 5 and 6 and represents errors in the surface fror
a straight line joininghte end points. This is as if a straight edge were laid along the surface profile to be
tested and touching the end points of the surface when they are in a horizontal plane and the variou:

readingsn column 7 indicate thaseand fall relative tdhis staight edge.

10.5.1 Optical Flats

Themostcommoninterferenceeffectsareassociateavith thin transparentiims or wedgesbounded
onatleastonesideby atransparensurface Soapbubblespil films onwater,andopticalflats fall in
this category.The phenomenotby which interferenceakesplaceis readilydescribedn terms
of anopticalflat, asshownin Fig.10.14.

Eye < % Eye -

Optical
flat

Flat surface

Fig. 10.14 Fringeformation in an optical flat

An opticalflatisadiskofhigh-qualityglas®rquartz Thesurfaceof thediskisgroundandlapped

to a high degree of flatness. Sizes of optical flats vary from 25 to 300mm in diameter, with a
thicknesgangingfrom 25to 50mm.Whenanopticalflat is laid overaflat reflecting surfacejt
orientsatasmallangle0, dueto the presencef anair cushionbetweerthetwo surfacesThisis
illustratedin Fig. 10.14.Considerrayof light fromamonochromatiight sourcefalling onthe

upper surface of the optical flat at an angle. This light rpargally reflected at point 'a’. The
remaining part of the light ray passes through the transparent glass material across the air gap
andis reflectedatpoint'b'ontheflat work surface The tworeflecteccomponentsfthelight ray

are collected and cembined by the eye, having travelled two different paths whose length
differsbyanamountabc'.

If 'abc'=a/ \Bherea-is thewavelengthof the monochromatidight source thenthe condition




for complete interference has been satisfied. The difference in path length isatinidne
wavelengthaperfectconditionfortotalinterferen@sexplainedirSectionl0.4. The eyeis now

ableto see a distinct patch of darkness termed a fringe. Next, consider anotherlightrayfromthe
samesourcefallingonthe optical flat at asmall distancefromthe first one. This ray gets reflected
at points 06ddé and ' e' . fothlinterfeencé czaurg aghin dndlee f
similarfringeisseenbytheobserver. However, at an intermediate point between the two fringes,
the path difference between two reflected portions of the light ray will be an even number of
half wavelengths. Thus, the tveomponents of light will be in phase, and a light band will be
seeratthispoint.

Fig. 10.15 Interferencé&inges




To summarizewhenlight from amonochromatidight sourcas madeto fall onanoptical flat,

which is oriented at a very small angle with respect to a flat reflecting surface, a lwtedraite

light and dark patches is seen by the eye. Figure 10.15 illustrates the typical fringe patternseenona
flat surfaceviewedunderanopticalflat. In caseof aperfectlyflat surface,thefringe patternis
regular,parallel,anduniformlyspaced.Anydeviationftbispattern is a measure of error in the
flathesof thesurfacebeingmeasured.
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Fig. 10.16 Fringegattern reveakurface conditions

Fringe patterns provide interesting insights into the surface being inspected. They reveal surfa
conditions like contour lines on a map. Figure 10.16 illustrates typical fringe patterns. Once w

recognize surface configurationsfrom their fringe patterns,it is much easierto measurethe

configurations.




Unit-3

ScrewThreadAnd GearMeasurement



12

ACCEPTANCE TESTS FOR
MACHINE ToOLS

Introduction

The ity A
of the ma?kiiaxi.et)t ar}d accuracy ofthe finished work depends on the accuracy
00Is used in their production. The machine tools must be

. Ce\. Of give 4 'l 1 1 1 i

It is for thi .
derbig asseml:lvs Zsson the machine tools are tested at various stages,
¥, alter assembly, erection, repairs or overhauls as per

accuracy test chart in order to determ; . .
. 5 rmine whet '
of specification or not. ether it meets the requirement

The acceptance test of machine tool includes :
1. Alignment test or Geometrical test.
2. Performance test or practical test.

The alignment test is carried out to check the grade of manufacturing
accuracy of the machine tool. It consists of checking the relationship
between various machine elements (such as bed, table, spindle etc.) when
the machine tool is idle and unloaded.

Performance test consists of checking the accuracy of the finished
components and is known as practical test. The performance test, therefore,
consists of preparing the actual test jobs on the machine and checking the
accuracy of the jobs produced. Performance test is carried out to know
whether the machine tool is capable of producing the parts within the
specified limits or not.

In addition to the manufacturing accuracy the working accuracy of the
machine is influenced by the following factors.

1. Geometry of the cutting tool (rake angle, clearance angle, etc).
Material of the cutting tool, shape and rigidity;

Material of the workpiece, its size, shape and rigidity,
Cutting speed, feed and depth of cut,

. Work holding and clamping equipment,

. Skill of the operator.

. Working conditions etc.

N @

(325)
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Alignment or Geometrical Tests . '

i"‘;; Before conducting Geometrical tests it is essential that the machine iy
set up and principal horizontal and practical planes and axes are checked
with spirit level etc. )

The various geometrical/alignment checks generally carried out on
machine tools are :

1. Straightness of guide ways and slide way

© 9. Flatness of machine tables and slide ways. .

3. Parallelism, equidistance-and alignment of the slide ways and
axes of various moving parts with reference to some standard
planes.

True running and alignment of shafts and spindle relative to

other areas and surfaces.

. The error of pitch or lead of lead screw.

. Pitch errors of gears.

. Dividing errors of dividing heads/indexing devices.

8. Eccentricity, out of roundness, periodical axial slip, camming ete.

Main spindle is the fundamental element of the machine and is tested

for eccentricity, axial slip, accuracy of axis and position, relative to other
axes and surfaces. o ' ’

Equipment required for geometrical tests

The measuring equipments used for alignment tests are :

s of machine tool.

e~

= O O

1. Dial gauges . . 2. Test mandrels
3. Straight edges-and squares 4. Spirit level
5. Auto collimator 6. Waviness metre etc.

Dial gauges. Dial gauges are widely used in alignment tests. The dial
gauges selected should have measuring accuracy of 0.01 mm. The dial
gauge must be mounted on robust and stiff base in order to avoid displace-
ment due to shocks and vibrations. The initial plunger pressure should vary
between 40 and 100 gm; for very fine measurement, a lower pressure as
small as 20 gm is desirable.

Test Mandrels. These are used for checking the true running of the
spindle. Two types of test mandrels used are :

(a) Mandrels with a cylindrical measuring surface and taper shank
which can be inserted into the taper bore of the main spindle.
(6) Cylindrical mandrel which can be held between centres. Test

mandrels are hardened, ground and made to length which varies from 100
to 300 mm.

Straight edges and squares. Straight edge of cast iron or steel
should be heavy, well ribbed and seasoned. A square must have a wider
bearing surface. Steel square is a precision tool used for laying.out lines or
for testing of squareness of two surfaces with each other.

The error at the top of standard square should be less than + 0.01 mm,
of a precision less than + 0.005 mm.
7
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Straight edge is placed on machined surfaces to check them for flat-
ness or straightness.

Spirit level. Spfrit levels are used for high grade precision work.
Spirit levels used are in the shape of a bubble tube which is mounted on 2
cast iron base. Spirit levels should have a sensitivity of about 0.04 1o 0.06
mm per metre for each deflected division. Ty o main types of spirit levels
used for acceptance test are :

(a) Horizontal spirit level (b) Frame spirit level,

Auto Collimator. Auto collimater is very sensitive instrument. It can
be used for checking deflections of long beds in horizontal vertical or
inclined planes. ’

Waviness Metre. Waviness metre with 50 - 1 magnification is useful
in recording and examining the surface waviness.

Alignment Telescope. Optical alignment telescope can be used to
indicate errors of alignment in both the vertical and horizontal planesofthe
optical axis.

Machine Tool Tests. The tests applied for machine tools irrespective
of type, fall into well defined group which may be summarised as follows :

1. The level of installation of the machine in the horizontal and
vertical planes.

2. Flatness of machine bed and straightness and parallelism of bed
ways or bearing surfaces.

3. Test for true running of the main spindle and its axial movement.

4. Test for parallelism of spindle axis to guide ways or bearing
surface. - '

5. Tests for the line of movement of various members e.g. saddle and
table cross-slides etc, along their ways.
6. Practical test in which some test pieces are machined and their
accuracy and finish checked.
Alignment Tests for Lathe

1. Test for level of installation.

(a) In longitudinal direction. (b) In transverse direction.

Measuring instruments. Spirit level, gauge block to suit the guide
ways of the lathe bed. ' %

Procedure. The gauge block with the spirit level is placed on the bed
ways on the front position, back position and in the cross wise direction. The
{)o;ition of the bubble in the spirit level is checked and the readings are
aken,

. Permissible error. Front guide ways. 0.02 mm/metre convex only. Rear
guide ways, 0.01 to 0.02 convexity. Bed level in cross-wise direction
10.0%metres, Straightness of slide ways (for

machines more than 3 m turning length only, 7 B
Measurements taken by measuring taught wire —
and microscope or long straight edge). Tailstock

0 € ways parallel with movement of carriage

~emm/m, No twist is permitted. Fig. 12.1
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The error in level may be corrected by sct:tlng wedges at suitab)e
points under the support feel or pads of the machine.

2. Straightness of Saddle in horizontal plm?c.

Measuring instruments. Cylindrical test mandril (600 mm long), dia)
indicator, - _

Procedure. The mandrel is held between centres. The dial indicator jg
mounted on the saddle. The spindle of the dial
indicator is allowed to touch the mandrel. The
saddle is then moved longitudinally along: the
length of the mandrel. Readings are taken at dif-

ferent places. Permissible error 0.02 mm over Fig. 12.2
length of mandrel. o

3. Alignment of both the centres in the vertical plane

Measuring instruments. Cylindrical mandrel 600 mm long, dial gauge,

Procedure. The test mandrel is held between
centres. The dial indicator is mounted on the sad-
dle in vertical plane as shown in figure. Then the
saddlz along with the dial gauge is travelled lon-
gitudinally along the bed ways, over the entire

length of the mandrel and the readings are taken Fig.12.3
at different places.

Permissible error 0.02 mm over 600 mm length of mandrel] (Tail stock
centre is to lie higher only). '

4. True running of taper socket in main spindle

Instruments required. Test mandrel with taper shank and 300 mm
long cylindrical measuring part, dial gauge,

Procedure. The test mandrel is held with jts taper shank in a head
stock spindle socket. The dia] gauge is mounted on
the saddle. The dial gauge spindle is made to touch A B
with the mandrel. The saddle is then travelled 7
longitudinally along the bed ways and readihgs

are taken at the points A and B as shown in figure.

Permissible error, Position A 0.01 mm, posi- Fig. 12.4
tion B 0.02 mm.
3. Parallelism of main s

(a) In a vertical plane

Measuring instruments, Test mandre] wj
long cylindrical measuring part, djal gauge.
Procedure. The dial gauge ijg
mounted on the saddle. The dial gauge
spindle is made to touch the mandrel and
the saddle is moved to and fro, It jg check-
ed in vertical as well as in horizontal
plane.

—d
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: mm mand
only. (6) 0.02/300 mm mandrel inclined at f; .

only.
ement of upper slj ; :
¥ p?;lr:v -pp . slld Parallel with main spindle in verti-

Measuring instruments. Test mandre]
with taper shank and 300 mm long cylindri-
cal measuring part, dial gauge,

Procedure. The test mandre] Is fitted
into the spindle and a dial gauge clamped to
the upper slide. The slide is traverseq along
with the dial gauge plunger on the top of the
stationary mandrel. Permissible errop — 0.02
mm over the total movement of the slide. Fig.12.6

7. True running of locating cylinder o
Measuring instrument. Dial gauge.

1 rising_ towards free end
e end towards tog] pressure

f main spindle

Procedure. The dial gauge is mounted on the bed, ég
touching at a point on main spindle.

The main spindle is rotated by hand and readings of
dial gauge are taken. : : '

Permissible error — 0.01 mm, Fig.12.7

8. True running of head stock centre
Measuring instrument. Dial gauge,

Procedure. The live centre is held in the tail stock “_
spindle and it is rotated. Its trueness is checked by means 17
of a dial gauge.

Permissible error — 0.01 mm Fig.12.8

9. Parallelism of tailstock sleeve to saddle movement
Measuring instrument. Dial indicator. '

Procedure. Tailstock sleeve is fed outwards.
Thfé dial gauge ‘is mounted on the saddle. Its
Spindle is touched to the sleeve at one end and

then saddle is moved to and fro, it is checked in
HP. and V.p, also,. % L

_ Permissible error. (@) 0.01/100 mm (Tailstock e
€eve inclined towards tool pressure only). (b) Fig.12.9

2017100 mm (Tailstock Sleeve rising towards free
end Only)' .

' ' ove-
10. Parallelism of tail stock sleeve taper socket to saddle m

Ment () in V.P. (b) in H.P.
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Measuring instruments. The mandrel with taper shank and a cylindy;.
cal measuring part of 300 mm length, dial gauge.

Procedure. 'Test mandrel is held with its
taper shank in a tail-stock sleeve taper socket.
The dial gauge is mounted on spindle. The dial %@%
gauge spindle is made to touch with the
mandrel. The saddle is then traversed lon- ~ [
gitudinally along the bed way and readings are
taken. Fig.12.10
Permissible error

(a) 0.03/300 mm (Mandrel rising towards free end only)
(b) 0.03/300 mm (mandrel inclined towards tool pressure only).

Alignment tests on milling machine knee type horizontal and vertical,
(1) Flatness of work table

(a) In longitudinal direction.

(b) In transverse direction A -8
Measuring instruments. Spirit level.

Procedure. A spirit level is placed directly on e g ¢
the table at points about 25 to 30 cm apart, at A, o
B, C for longitudinal tests and D, E and F for the L . &J
transverse test. :I) é ’
D

The readings are noted.

Permissible error : ,
Direction A-B-C , + 0.04 mm Fig. 12.11
Direction D-E-F, + 0.04 mm

(2) Parallelism of the work table surface to the main spindle

Measuring instruments : Dial indjcator, test mandrel 300 mm long,
spirit level.

Procedure. The table is adjusted in the horizontal
plane by a spirit level and is then set in its mean
position longitudinally. The mandrel is fixed in the
spindle taper. A dial gauge is set on the machine table,
and the feeler adjusted to touch the lower surface of the
mandrel. The dial gauge readings at (A) and (B) are
observed, the stand of the dial gauge being moved
while the machine table remains stationary,

Fig. 12.11 (a)

Permissible error. 0.02/300 mm.

(3) Parallelism of the clamping surface of the work table in its
longitudinal motion ;

Instruments. Dial gauge, straight edge.

|
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ACC procedure. A dial gauge is fixed to the spindle. The dial gauge spindl
usted to touch thg tab.le surface. The table is thep ge spindle
Joved in longitudinal dxrectxox? and readings are noted. If
“he tablp surface 1s uneven it is necessary o place a
ttraight edge on its surface and the ¢
B

al gauge feeler ;
made to rest on the top surface of the straight ¢ s, 1s

is ad)

Permissible error. 0.02 up to 500 mm length of i
b 0.03 up to 1000 mm and 0.04 above 1000 mm ’:ﬂ

traverse.
length of _ Fig.12.12

(4) Parallelism of the cross
worktable to the main spindle
(a) In a vertical plane
(b) In horizontal plane

Instruments. Dial gauge, test mandrel with
taper shank.

. Procedure. The work table is set in its mean .
position. The mandrel is held in the spindle. A dia]
gauge fixed to the table is adjusted so that its
spindle touches the surface of the mandrel. The
table is moved cress-wise and the error is
measured in the vertical plane and also in the
horizontal plane. " Fig.12.13

(transverse) moventent- of the

Permissible' error. 0.02 for the overall traverse movement ofA the
worktable.

(5) True rﬁnning of internal taper of the main spindle.
Instrument 300 mm lung test mandrel, dial

gauge. . - . g

—

Procedure. The test mandrel with its taper shank ﬁ

is held in the main spindle. Dial gauge is kept scanning
the periphery of the mandrel. Spindle is rotated and
dial gauge readings are noted at different points say A
and B as shown. '

Permissible error. Position A : 0.01 mm, Position B : 0.02 mm.

. (6) Squareness of the centre T-slot of worktable with main
Spindle ~.

“l

Fig.12.14

Instruments. Dial gauge, special bracket.
Ocatf’fOCedur e. To check the perpendicularity of the
shou;:;g slot and the axis of the main spindle. The table
Bitud; - arranged in the middle position of its lon-
i Mmovement, and a bracket with a tenon at

l
;;,aSt 1,50 mm long inserted in the locating slot, as
W in figyre,

| -
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