W% Engineering Metrology (MSBTE)

Table of Contents

UNIT I

UNIT II

Chapter 1 :

Introduction to Metrology 1-1to 1-10

Chapter 2 : Standards and Comparators

2-1 to 2-17

Syllabus : Definition of metrology, objectives of metrology.
Categories of metrology, scientific metrology, Industrial
metrology, Legal metrology. Need of inspection, Precision,
Accuracy, Sensitivity, Readability, Calibration, Traceability, and
Reproducibility. Sources of errors, Factors affecting accuracy.
Selection of instrument, Precautions while using an instruments
for getting higher precision and accuracy. Concept of least
count of measuring Instrument.

Syllabus : Definition and introduction to line Standard, end
standard, Wavelength standard and their comparison. Slip
gauge and its accessories. Definition and Requirement of good
comparator, Classification, use of comparators. Construction
and Working principle of comparators Dial indicator, Sigma
Comparator, Pneumatic comparator- high pressure differential

]
]
]
]
]
;
;
]
]
]
;
]
]
]
;
]
]
]
;
;
;
;
;
;
]
;
;
;
;
;
;
;
;

1

1
1

A MELIOIOQY e 1-1
A1 Introduction to Metrology...........ccccoociiiiiiiiiiiiiccieee 1-1
.2 Objectives of Metrology ...........coccveereeriiiiiieiiieeniceieenns
.3 Categories of metrology .........
A4 Inspection and its Need....
.5 Precision and ACCUIaCY ..........ccocoueiiiciiieeiiiie e
5.1 PreciSion ... 1-3
5.2 ACCUIACY ..ttt 1-3
.5.2.1 Factors affecting accuracy of jobs / production.............. 1-4
.5.2.2 Factors affecting accuracy of an instrument.................. 1-4
5.3 Difference between Accuracy and Precision.................. 1-4
.6 Other Definitions Related to Measurement.................... 1-4
.6.1 SENSHIVITY ...eeeeieeeicee 1-4
6.2 Response TiMe ........ccociiiiiiiiiiiiee e 1-4
.6.3 Repeatability .........cccooiiiiiiii 1-5
8.4 Calibration.........ccceiiiiiiiiie e 1-5
.6.5 Uncertainty of Measurement ............cccccoociiiiiiiiiiinene 1-5
.6.6 Interchangeability ...........ccociiiiiiiii 1-5
6.7 Reproducibility
.6.8 Readability
.6.9 Traceability
7 ETOr e 1-6
.71 SoUrces Of EITOr ......ciiiiiiiiciiieee e 1-6
7.2 Random and Systematic Error ..........cccoceeiieiiiiiecncnnne 1-6
7.3 Temperature Environmental Error..........ccccoociiiiiieens 1-6
7.4 DIt EXTOF e 1-7
.75 SUPPOIt EFTON ...ttt 1-7
7.6 Contact Pressure Eror........c.cveiviiiicnieesiesiee s 1-7
T.7  Contact EIMOr.....ccueiiiiiiieiiieec et 1-7
7.8 Parallax Error (Reading Error) ........cccoevvvviiienieeiecnnens 1-7
7.9 Abbe’s Principle of Alignment............cccoeiiiiiiiiininnn. 1-8
.8 Selection of Instruments...........cccoooiiiiiiniiee, 1-8
.9 Precautions while using an Instruments for Getting
Higher Precision and ACCUracy ...........cccccoceeriieeencinneenne 1-8
.10 Classification of Measuring Equipment under

MEtrology ......ccocviiiiiiii i 1-8
11 Concept of least count of measuring Instrument ........... 1-9
A2 MSBTE Questions and ANSWErS ..........ccueernsennsannsanns 19

type ,Relative advantages and disadvantages.

21 Introduction - Standard of Measurement .............ccccoc... 21
2141 Types of Standards ...........ccevveeiiiniiinnieeee e 2-1
2.2 Line and End Standards ...........cccocveeveeiiiinicnieeiecnee 2-2
2.21 Line Standard..........cociiieeiieiiieee e 2-2
222 End Standard ...........cccoieiiiiiiiiiieeee e 2-2
223 Difference between Line and End Standard .................. 2-2
23 Wavelength Standard - Meaning and Advantages......... 2-3
2.4 Comparison between Line and End, Wavelength

StANAArd ... 2-3
2.5 SlIP GAUGES ...t 2-3
2.51 INtrOdUCTION ..o 2-3
252 WriNging ProCeSS........ccovviiiiiiiiieiiie e 2-4
253 Standard Sets .......ccoiiiiiiii
2.5.4  Selecting SHPS ..veeivieiieiiieie e
2.6 Slip Gauge ACCESSONES ....ccuveerirerrieiiieiee e
2.7 Care of Slip GAUGES ......ccoeeiieeriiieiieeeeeee e
2.8 COMPATALON .....eieeiieeeeeiee e
2.8.1 Comparator - Definition ...........cccoeveiiniiiiienceceee
2.8.2  Classification of Comparators ...........cccceceervvienreeneennn.
2.8.3 Principles of Operation of Various Comparators
2.9 Characteristics / Requirements of Good Comparator ....2-7
2.10 Uses of COMPArator .........c.cueeiviereiinieerie e 2-8
2.11 Dial Gauge Indicator- a Mechanical Comparator-........... 2-8
2.11.1  Principle of WOrking ..........ccocoiiiiiiiiiiiiiiieeieeeiee 2-8
2.11.2  Construction and Working of Dial Gauge Indicator-....... 2-8
2.11.3 Types of Dial Gauge Indicators ...........cccceerevveneenceeennnn 2-9
2.11.4 Characteristics of Good Dial Gauge ...........cccecuvereerincns 2-9
212 Sigma Comparator (Mechanical Comparator) ............. 2-10
2.12.1  Principle of Sigma Comparator (Mechanical

COMPATALON) ...ttt 2-10
2.12.2  Construction of Sigma Comparator (Mechanical

COMPATALON) . .veeeviereeeiee et 2-10
2.12.3 Working of Sigma Comparator (Mechanical

COMPATALON) ...ttt 2-10
2.13 Pneumatic Comparator (Solex) .........ccccvrvvienverceennnnne 2-10
2.13.1  Construction of Pneumatic Comparator (Solex)........... 2-11
2.13.2 Working of Pneumatic Comparator (Solex) ................. 2-11
2.13.3 Uses of Pneumatic Comparators...
2.14 Advantages and Disadvantages....

- e
7 F’eu:h Knowledge

uhlications



W% Engineering Metrology (MSBTE)

Table of Contents

2.15
2.15.1
2.15.2

2.15.3

2.16
2.17

COMPAIISON.....eiiiiiiiieite ettt 2-12
Comparison of Comparator and Gauge............cccccue..e. 2-12
Comparison of Comparator and Measuring

INStrumMent ..o 2-12

Comparison of Mechanical Comparator and Optical

COMPATALOT .....eeeeiiereeeiee et 2-13

Solved Problems ........ccccuvieeiiiiciieeee e 2-13

MSBTE Questions and ANSWErS ........cccccerrrrrssssnnnnnns 2-16
UNIT III

Chapter 3 : Limits, Fits, Tolerances and Gauges

3-1to 3-15
Syllabus Concept of Limits and Fits, deviation and
Tolerances. Basic  Terminology, Selective ~ Assembly,

3.14
3.15
3.16
3.17

3.17.1
3.18
3.19
3.20

3.21

Gauge for Shaft.........cceiiiiiiiii 3-7
Taylor's PrinCiple........ocueveiieieiiee e 3-8
Difference between Gauge and Instrument .................. 3-9

Indian standard (IS 919-1993) system of Limits and

IS e 3-9

Selection of Fit ..o 3-11

NOMENCIAIUIE........oiiiieicee e 3-11

Solved Problems ... 3-11

Multi-gauging SYStEMS.......cccuveiiiiiiiiiee e 3-13

MSBTE Questions and ANSWErS .........ccueremensannsanns 3-14
UNIT IV

Chapter 4 :

Screw thread Measurements and Gear

Interchangeability. Indian standard (IS 919-1993) Fits, types of
fits, Hole and Shaft Basis System, guide for selection of fit. ISO
system of limit and fit,(Numerical on finding the limit and
tolerances of hole and shaft assembly). Gauges : Limit gauges.
Taylors principle of gauge design Plug, Ring Gauges, snap
gauge, adjustable snap gauge.

Measurement 4-1 to 4-19

3.1 Interchangeability and Selective Assembly.................... 3-1
3.2 Basic Terminology — Hole, Shaft and Size..................... 3-1
3.3 LIMIES o 3-1
3.4 TOIEANCE ... 3-2
3.4.1 Definition ... 3-2
3.4.2 Need of Tolerance..........ccccoociiiiiiiiiiiiccic e 3-2
3.4.3 Types of Tolerance..........ccccuveiiiiiiiiiiiiiiiec e 3-2
3.4.4 Difference between Unilateral and

Bilateral Tolerance ............ccccoeiiiiiiiiiiiiiiiee e, 3-3
3.5 Deviation ..o 3-3
3.6 AlOWANCE.......oiiiiiiiiiiiii e 3-4
3.7 Hole Basis System ........ccccoviiiiiiieiieciececc e 3-4
3.8 Shaft Basis SyStem .........cccocceiiiiiiiiiieieceeeeeeee 3-4
3.9 Use of Hole and Shaft Basis System...........cccccevceeneene 3-5
3.9.1 Hole Basis System is Preferred..........ccccovieiiiicnnne 3-5
3.9.2 Shaft Basis System is Preferred...........ccccoiniinennnen. 3-5
3.9.3 Difference between - Hole Basis System and Shaft

Basis SYStemM .......ccceviiiiiieie 3-5
3.10 IS e 3-5
3.10.1  Types of fit ..o, 3-5
3.10.2 Examples of Fit ..o, 3-6
3.11 Advantages of GaUgeS........cccuvereiereeriiieiieeiee e 3-6
3.11.1  Classification of Gauges.........cc.cerevieririneeriiieneeceenee 3-6
3.12 Limit Gauges / Principle of GO-NOGO Gauge ............. 3-6
3.13 Gauge for Hole (Plug gauge).......c.cccevveiieereienieiieeee. 3-7

Syllabus :

Screw thread Measurements : Screw thread terminology,
Errors in threads and Pitch Measurement of different elements
such as major diameter, minor diameter, effective diameter,
pitch diameter, Best size of wire Two wire method, Thread
gauge micrometer.  Working principle of floating carriage
micrometer. Introduction to Tool Makers Microscope,
applications and working principle.

Gear Measurement : Analytical and functional inspection of
Gear, Measurement of tooth thickness by constant chord
method and base tangent Method by Gear Rolling tester /
Parkinson’s Gear Tester. Measurement of tooth thickness by
Gear tooth Vernier and Profile projector Errors in gears such as
backlash, run out.

4.4.2

4.5.2

4.7.2
4.7.3

4.1 Introduction to threads............cccoooiiiiiiiiiie e 4-1
4.2 Terminology of Screw Threads..........cccccveeiiieiiiciieeennns 41
4.3 Errors in Threads .........cccovviiiiiei e 4-3
4.4 Floating Carriage. .......ccuveeeueeeiiieeeaiiee e 4-4
4.41 CONSLIUCHION ... 4-4
Reading a Floating Carriage........c..cccceerueeiiniieeiniieeens 4-5
4.5 Measurement of External (Major) Diameter................... 4-5
451 Using Simple Micrometer ...........cccovviiiiiieiiiieeeieeee 4-5
Using Floating Carriage..........coovueeeiiieeiniiee e 4-5
4.6 Measurement of Minor Diameter Using Floating
(7= 14 To [N PP OUPP 4-6
4.7 Measurement of PitCh ..........ccoovviieiiiii e 4-6
4.71 Using Profile Projector...........ccooueviiiec i 4-6
PIfCh GaUge ....eeeiieiieeee e 4-6
Peter Screw Measuring Machine............cccceveveiiiiiens 4-7
4.8 Measurement of ANgle .......cccueiiiiiiiiiiiiice e 4-7
4.9 Effective Diameter.........cccooviiiiiiiie e 4-7

= m
7 echKnowledge

Puhlirations




¥F Engineering Metrology (MSBTE)

Table of Contents

491  Thread Micrometer Method .............cc.ccccueveveeverveererenensn. 4-7 | 51 Concept of Linear Measurement ... 5-1
492  Best Size 0f W€ ..oovveeeeeeeeeeeeeeeeeeeeeeeee e 47 | 52 Steel Rule 51
493 TWOWire MEthOd ... gg | 23 SUMACEPIAIC.co >
5.4 Angle Plate........ccoiiiiiiiii 5-2
494 PItCH ValUB.......eeeeeeeeeeeeeeeeeeeeeeeee e 4-9 .
5.5 ENgiNeer's SQUAare.........cccoviriiinee i 5-2
495  Corrections Applied During Measurement ..................... 4-9 5.6 RAGIUS GAUGES -.vevveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 5.3
4.9.6 Errorin Flank Angle.........oooiiiiiiiiiieeeiee e 4-9 5.7 FEEIET GAUGE ... 5-3
4.10 Profile Projector..........ooiviiiiiiii e 4-9 5.8 PICh GAUGE .....eeeieieeieee e 5-3
4101 Construction and Working of ..........ccocceevereereerneerneennn. 49 | 59 Hand Calipers ..o 5-3
4102 Use for Major Diameter, Minor Diameter and Pitch 5.10 VBIOCK e 5-4
MEASUIBMENT ......vevvoeveraeeessereesseessseeeeseenessesesesa 4-10 | 511 TelescopiC GAUGE .......oooovvvvvviiiiiiiii 5-4
4.10.3 Use for Angle Measurement...........cccoecueerriieneiiineeannns 4-10 512 SPIMILLOVEL . -ovvvessvvvressvvsers s 54
. . 5.13 Combination Set...........ccooociiiiiiii s 5-5
4.10.4 Advantages of Profile Projector...........cccccovueviiciiieinns 4-10 )
5.14 Straight EAQe ....eovvieiiiieeieeeeee e 5-5
411 Tool Maker's MiCroSCOPE.........cccuueviiiiieiiiieeeniiee e 4-10 515 UNIVErsal SUMACE GAUGE v.ovvvvoveoesoeeoeoeeoeeoeeoeo 5.5
4.12 Introduction 10 Gears..........ccceovveiieieiecee e 4-11 516 Verniers. .o
4.13 Terminology of Spur Gear ...........cccoovevceenieiiieseeeenn 4-12 5.16.1  Simple Vernier Principle
414  Analytical and Functional Inspection of Gears............. 4-12 | 5.16.2 Reading Verniers (Refer figure).........ccooovcniinnin, 5-6
4.15 Rolling Test for Composite INSPECtion ......................... 413 5.16.3 Simple Vernier Calipers.........cccceevverieenecriieieceeennn 5-6
.16.4  Vernier Height Gauge..........ccceiviriieiiieiecieee e -7
4.16 Gear TOoth VErIEr.......cccueiiiiiiiiiie e 4-13 5.16 ernier Height Gauge °
5.16.5 Vernier Depth Gauge ........cccerviriiieiiiiiienc e 5-7
4.16.1  Principle of Gear Tooth Vernier..........ccccceevcvivveeeeeennes 4-13 )
517 Micrometers ... 5-8
4.16.2  Construction and Working of Gear Tooth Vernier......... 4-13 5.17.1 Principle of Micrometer............ccccccoiiiiiiiiiiiiii 5-8
4.16.3 Procedure for measurement...............cccoeeeeeeeeieieenenen. 4-14 5.17.2 Reading Micrometer, Least Count...............cccceveveunnnn. 5-8
4.17 Parkinson’s Gear Tester (Gear Rolling Tester).......... 4-14 5.17.3 Simple Micrometer ...........ccccooeciiiiiiiiiicnc 5-8
4.18 Flange Micrometer / David Brown Base Tangent 5.17.4 Depth Micrometer..........ccccooiciiiiiiiiiiiiicceee e 5-9
COMPATALOT ..c..veeiiietiecite et 5.17.5 Inside Micrometer..........cccccoioiiiiiiiiiiiiiie e 5-9
4.18.1  Constant Chord Method ...........cccooviriiiiiiniiiienee 5.17.6 Precautions While Using an Instruments.................... 5-10
4.19 Involute Measuring ..........ccoocviiiiiiiiiiiiecee e 5.18 Introduction to Angular Measurement...............cccceeee. 5-10
4.19.1  Definition of Involute.............cccoiiiiiiii 5.19 Bevel Protractor ..........ccoveiiiiiiiiiiii e,
4.19.2 By Profile Projector 5.19.1 Reading Vernier protractor
4.19.3 Involute Measuring Machine... 5.19.2 Process of angle measurement
4.20 Pitch Measuring Machine ...........ccccoociiiiiiiiiiicccen, 5.20 SINE Bar ...
4.21 Errors in Gear (Backlash, Runout, etc.)..........cccceee. 4-17 5.20.1 Sine Bar and Specifications ..........c.ccccceeeiiiiiiieeannnnn.
4.22 Solved Problem ... 4-17 5.20.2  PrINCIPIE ..ceeiiiieeeee s
423  MSBTE Questions and ANSWErS .......ccccccerurerererecnes 4-18 | 5.20.3 Use for Small Job Measurement
/ Taper PIug Gauge.........cocueeiieriieieeniienee e 5-12
UNIT V 5.20.4 Use for Big Job Measurement...........ccccccocveviiineeninnn. 5-12
] 5.20.5 Why is sine bar limited below 45° ?.........ccccceevennenne. 5-12
Chapter 5 : Linear and Angular Measurement 5-1 to 5-24 5.20.6 Errors in Sine@ Bar........cccoceeieiiieiiiiiicceee e 5-13
Syllabus : 5.20.7 Care of Sine Bar........ccccocciiiiiiiiiii i, 5-13
Concept of linear measurement and its instruments: surface 5.20.8 Limitations of Sine Bar .........c.cccceiiiiiiiiicicie, 5-13
plate, V-block, calipers, combination set, depth gauge, vernier 5.20.9  SiNE CeNter.....ccceiiiiiiiieiie et 5-13
instruments, ~micrometer instruments, slip  gauges.(Refer 5.21 SPIFit LEVEL ... 5-13
Chapter 2),Concept of angular measurgment. In§truments for 5.22 CliNOMELET ...t 5-14
angular Measurements. Use and working of universal bevel o )
protractor, sine bar, spirit level.  Principle of Working of 5.22.1  Principle of Clinometer 514
Clinometers, Angle Gauges (With Numerical on Setting of Angle 5.22.2  Measurement of Angle using Clinometer. s 5-15
Gauges), Angle dekkor as an angular comparator. 5.23 Angle GaUges ........ccociiiiiiiii 5-15
5.23.1  Principle of Angle Gauges.........cccccueuiiiiiiiiniiiieniene 5-15

a2 TechKnowledge
¥ ’

Puhlirations



W% Engineering Metrology (MSBTE)

Table of Contents

5.23.2  Addition of Angle Gauges and Subtraction 6.10.1 Parallelism between Two Planes...... 6-7
of Angle Gauges 6.10.2 Parallelism between Axis and Plane. ..6-7
5.23.3 Use of Angle Gauges .........ccceeerieeriiinieeiiiieiee e 5-16 6.10.3 Parallelism between TWO AXiS........ccccceveiiiiieiiiicenciieenne 6-7
5.23.4 Difference between Angle Gauges and Slip Gauges..5-16 6.10.4 Parallelism of Axis to the Intersection of Two Planes ....6-8
5.24 Autocollimators ... 5-16 6.11 Straightness Testing ......cccceceeriiiiieiieeee e 6-8
5.24.1 Principle of Autocollimators...........ccccceccviiiiiiiiiiecenn. 5-16 6.11.1  Wide Edge / Straight Edge Method ............cccccveviinniene 6-8
5.24.2  Construction and Working of Autocollimators.............. 5-17 6.11.2  Spirit Level Method..........c.cocveiiiiiiiiiiiec e 6-8
5.24.3 Applications of Autocollimator .............cccceevviiiiiiennnns 5-17 6.11.3  Autocollimator Method.............ccooceeiiiiiiiii 6-9
5.25 ANgle DeKKOr.........ooiiiiiiiii e 5-18 6.12 Squareness TestiNg .......ccccecverrieriiieiie e 6-9
5.25.1 Principle of Working ..........cccocoiiiiiiiiiiiiiiiee e 5-18 6.12.1 Between Axis and Plane.............ccccoooiiiiiiiniiininieeee 6-9
5.25.2 Scales of Angle DekKOr.........ccoceriiiriiieiiiiiienieneae 5-18 6.12.2 Between Two Planes...........cocceoviiiiiiiiiiiie e, 6-10
5.25.3 Procedure to Measure Angle..........ccccccviiiiiiiiiinecnnn. 5-19 6.12.3  Two AXiS (FiXed).....eerviiiiiiiieiie e 6-10
5.26 Solved Problems ..o 5-19 6.12.4 Between One Fixed and Other Rotable Axis ............... 6-10
5.27 MSBTE Questions and ANSWETrS .......c..cuserseessansnans 5-23 6.13 Coaxiality, Roundness and Run out...........ccccecuernnnnne 6-10
6.14 Flatness using Optical Flat...........cccocveieiiiieniicnieee 6-12
UNIT VI 6.15 List of Various Tests to be Carried Out on Lathe,
Milling and Drilling Machines.............cccccoooiiiiieennnnn. 6-13
Chapter 6 : Other Measurements 6-11t0 6-23 | 6.15.1 Alignment Tests on Lathe Machine .............cccccceeeenes 6-13
6.15.2 Alignment Tests on Milling Machine.................cccc..... 6-13
Syllabus : . - .
6.15.3 Alignment Tests on Drilling Machine ...............c........... 6-14
Primary and secondary texture, terminology of surface texture 6.16 Ali t Test Lathe Machi 6-14
. ignment Tests on Lathe Machine ...........c.ccccoceevnene -
as per IS 3073-1967, CLA, Ra, RMS, Rz values and their gnment: ach
interpretation, Symbol for designating surface finish on drawing. 6.16.1  True Running of Lathe Main Spindie ........................... 6-14
Various techniques of qualitative analysis, working principle of 6.16.2  Levelling of the Lathe Machine............cococveiieiininnne 6-14
stylus probe type instruments, Surface Roughness Tester, 6.16.3 Parallelism of Main Spindle to Saddle Movement........ 6-15
Interferometry. ~ Parallelism,  Straightness,  Squareness, 6.16.4 Parallelism of Tailstock Guideways with the
roundness, run out, alignment tests of Lathe and Drilling Movement Of Carfiage .........ccccueveveveereeeereeceeaererenennans 6-15
machine tools as per IS standard Flatness testing using 6.16.5 Alignment of Both Centers in Vertical Plane................ 6-15
M h tic light ith optical flat, Int tion t
C:Ar:\jc romatic light source with optical flat, Introduction to 6.17 Alignment Tests on Milling Machine...................cc.oc... 6-15
: 6.17.1  Cutter Spindle Axial Slip or Float.........c.ccccocvvriiennenne. 6-16
6.1 Importance of Surface Finish .........cccccooiiiiiiiiiine 6-1 ) ) ) .
6.17.2 Transverse Movement Parallelism with Spindle Axis...6-16
6.2 Roughness and Waviness...........cccooviueeieeeeeniiiiieeeeeeene 6-1 .
6.17.3 True Running of Internal Taper..........c..ccccoeivinieninnnn. 6-16
6.3 Terminology as IS 3073-1967 .......cccccieiiiiiiiiiaeiiieeee 6-2 . . o
6.17.4  Surface Parallelism with Longitudinal Movement......... 6-16
6.4 Mathematical Methods for Measuring Surface ) - )
6.18 Alignment Tests on Drilling Machine .................cc........ 6-17
ROUGNNESS ... )
6.4.1 AMS Value ... 6.18.1  Flatness of Clamping Surface of the Base .................. 6-17
182 P icularity of Drill Head Guide to th
6.4.2 Ten Point Average Method (Rz Value) 6.18 erpendicularity of Drill Head Guide to the
Base Plate........c..ooiiiiiiiiiii 6-17
6.4.3 CLA Value (Ra Value) .......cueiiiiiiiiiiieiieceee e . . L
] o 6.18.3 Parallelism of Spindle Axis with its
6.5 Symbol / Representation of Surface Finish Vertical Movement ...........coooveiiiiiiiiiiecciecree e 6-17
ON DraWiNg ....coeiiiiiiiiiie s 6-4 6.18.4 True RUnning of SPIndle TAPer.........ooovvvveeeeeeeerererer. 6-18
6.5.1 Various Techniques of Qualitative Analysis.................. 6-4 6.18.5 Squareness of Clamping Surface of Table to its Axis..6-18
6.6 Surface roughness tester / Stylus Probe Type 6.19 CIMM L 6-18
Instruments- Tomlinson’s Surface Tester...........ccc....... 6-4
6.20 Solved Problems ..o 6-19
6.7 Taylor Hobson Talysurf ... 6-5 .
6. 21 MSBTE Questions and ANSWETrS .........ccuversseessansssnns 6-21
6.8 Profilometer (A stylus probe type instrument)................ 6-6
6.9 Alignment Tests and Performance Tests...........c........... 6-6
6.10 Parallelism Testing.......cccccoooiiiiiiiiiiie e 6-6
ada

= m
7 F’eu:h Knowledge

uhlications




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


