
Table of Contents

Edgar Dietrich, Alfred Schulze

Measurement Process Qualification

Gage Acceptance and Measurement Uncertainty According to Current
Standards

ISBN: 978-3-446-42407-4

For further information and order see

http://www.hanser.de/978-3-446-42407-4
or contact your bookseller.

© Carl Hanser Verlag, München

http://www.hanser.de/978-3-446-42407-4


   ix 
 

Table of Contents 
 

Preface   .......................................................................................................................... v 

Preface to the 2nd Edition ................................................................................................ vi 

Preface to the 3rd Edition ................................................................................................ vi 

Table of Contents ........................................................................................................... ix 

1  Measurement Process Capability .............................................................................. 1 

1.1  Introduction ................................................................................................................... 1 
1.1.1  Why Measurement Process Capability? ......................................................... 1 

1.2  Historical Retrospect and Prospect ............................................................................... 7 
1.2.1  Development “Measurement Process Capability” ........................................... 9 

1.3  Notes from the Authors about MSA [1] and VDA 5 [70] .............................................. 11 
1.4  Experimental Evaluation ............................................................................................. 12 

2  Gage Monitoring as a Basis for Measurement Process Capability .......................... 16 

2.1  Gage Calibration ......................................................................................................... 16 
2.2  Dial Gage Calibration .................................................................................................. 17 
2.3  Capability Studies for Standard Gages ....................................................................... 19 

3  Definitions and Terms ............................................................................................. 22 

3.1  Process ....................................................................................................................... 22 
3.2  Measurement Process ................................................................................................ 22 
3.3  Testing ........................................................................................................................ 23 
3.4  Measuring Equipment ................................................................................................. 24 
3.5  Measurement Deviations and Measurement Uncertainty ........................................... 27 

3.5.1  Bias ............................................................................................................... 28 
3.5.2  Repeatability ................................................................................................. 29 
3.5.3  Reproducibility ............................................................................................... 30 
3.5.4  Linearity ......................................................................................................... 31 
3.5.5  Measurement Stability ................................................................................... 33 

4  Influencing Factors on the Measurement Process .................................................. 34 

4.1  Typical Influencing Factors ......................................................................................... 34 
4.2  Impact of the Influencing Factors ................................................................................ 37 
4.3  Evaluation of the Measurement Process .................................................................... 40 

5  Gage Capability as a Measurement Process Capability Study ............................... 44 

5.1  Basic Procedures and Methods .................................................................................. 44 
5.2  Evaluation of Gages .................................................................................................... 47 

5.2.1  Uncertainty of the Standard Master / Calibration Master .............................. 47 
5.2.2  Influence of the Resolution ............................................................................ 49 
5.2.3  Evaluation of the Bias ................................................................................... 51 
5.2.4  Study Type 1 ................................................................................................. 53 
5.2.5  Quality Capability Indices Cg and Cgk ............................................................ 58 
5.2.6  Study Type 1 for Characteristics with Unilateral Tolerances ......................... 66 
5.2.7  Study Type 1 for Several Characteristics ...................................................... 69 
5.2.8  Linearity ......................................................................................................... 69 

5.3  Evaluation of the Measurement Process .................................................................... 80 



x Table of Contents   
 

5.3.1  Range Method (Short Method) ..................................................................... 80 
5.3.2  Study Type 2: %R&R with Operator Influence .............................................. 82 
5.3.3  Study Type 3: %R&R without Operator Influence ....................................... 102 

5.4  Testing Measurement Stability ................................................................................. 105 
5.5  Further Studies ......................................................................................................... 109 

5.5.1  Study Type 4 ............................................................................................... 109 
5.5.2  Study Type 5 ............................................................................................... 111 

5.6  Method according to CNOMO .................................................................................. 114 

6  Capability Study of Attribute Measurement Processes .......................................... 117 

6.1  Attribute Gages ......................................................................................................... 117 
6.2  Attribute Gaging or Variable Measuring .................................................................... 118 
6.3  Requirements for Successful Inspections by Attribute ............................................. 119 
6.4  Analysis of Attribute Measurement Processes “Short Method” ................................ 120 
6.5  Analysis of Attribute Measurement Processes “Extended Method“ .......................... 123 

6.5.1  Introduction ................................................................................................. 123 
6.5.2  Testing Hypotheses .................................................................................... 127 
6.5.3  Evaluating the Effectiveness of an Attribute Measurement System ........... 133 
6.5.4  Signal Recognition Method ......................................................................... 137 

7  Extended Measurement Uncertainty ..................................................................... 143 

7.1  Guide to the Expression of Uncertainty in Measurement ......................................... 143 
7.1.1  Basic Principles .......................................................................................... 143 
7.1.2  Aim and Purpose of the GUM ..................................................................... 144 
7.1.3  Field of Application ..................................................................................... 145 
7.1.4  Contents of the Guide ................................................................................. 146 
7.1.5  Terms and Definitions ................................................................................. 147 

7.2  Determination of Measurement Uncertainties .......................................................... 150 
7.2.1  Determination of the Standard Uncertainty ................................................. 151 
7.2.2  Determination of the Combined Standard Uncertainty ............................... 156 
7.2.3  Determination of the Extended Uncertainty ................................................ 158 
7.2.4  Logging of the Uncertainty .......................................................................... 161 
7.2.5  Expression of the Result ............................................................................. 162 

7.3  GUM H.1 Example: Gage Block Calibration ............................................................. 163 
7.3.1  Measuring Task .......................................................................................... 163 
7.3.2  Standard Uncertainties ............................................................................... 164 

7.4  Calibration of a Weight for the Nominal Value of 10 kg (S2) .................................... 172 
7.4.1  Measuring Task .......................................................................................... 172 
7.4.2  Standard Uncertainties ............................................................................... 172 
7.4.3  Extended Measurement Uncertainty and Complete Measurement Result . 179 

7.5  Calibrating a Caliper ................................................................................................. 181 
7.5.1  Measuring Task .......................................................................................... 181 
7.5.2  Standard Measurement Uncertainty (S10.3-S10.9) .................................... 182 
7.5.3  Extended Measurement Uncertainty and Complete Measurement Result . 185 

7.6  GUM Interpretation for Measurement Processes in Series Production .................... 187 

8  Extended Measurement Uncertainty according to ISO 22514-7 or VDA 5 ............ 188 

8.1  VDA 5 Flow Chart ..................................................................................................... 188 
8.1.1  Schematic Approach ................................................................................... 189 
8.1.2  Gage Capability .......................................................................................... 190 



  Table of Contents xi 
 

8.1.3  Determination of the Standard Uncertainty as per Determination Method A191 
8.1.4  Determination of the Standard Uncertainty as per Determination Method B192 

8.2  Principal Standard Uncertainty Components ............................................................ 194 
8.2.1  Standard Uncertainty uCAL ........................................................................... 196 
8.2.2  Standard Uncertainty of the Resolution uRE ................................................ 196 
8.2.3  Standard Uncertainty uBI ............................................................................. 197 
8.2.4  Standard Uncertainty uMS in Case of Standard Gages ................................ 198 
8.2.5  Standard Uncertainty Caused by Equipment Variation at the Reference Part 

uEVR.............................................................................................................. 199 
8.2.6  Standard Uncertainty Caused by Equipment Variation at the Object uEVO .. 199 
8.2.7  Standard Uncertainty Caused by the Operator Influence uAV ..................... 201 
8.2.8  Standard Uncertainty Caused by the Test Object uOBJ ............................... 201 
8.2.9  Standard Uncertainty Caused by the Temperature Influence uT ................. 204 
8.2.10  Standard Uncertainty Caused by Non-linearity uLIN ..................................... 207 
8.2.11  Standard Uncertainty Caused by Stability uSTAB .......................................... 208 

8.3  Multiple Consideration of Uncertainty Components .................................................. 210 
8.4  Determination of the Extended Measurement Uncertainty ....................................... 211 
8.5  Consideration of the Extended Measurement Uncertainty at the Specification Limits211 
8.6  VDA 5 Case Studies ................................................................................................. 213 

8.6.1  Example: “Linear Measurement Using a Standard Gage” .......................... 213 
8.6.2  Example: “Linear Measurement Using a Particular Gage” .......................... 220 

9  Simplified Determination of the Measurement Uncertainty .................................... 227 

9.1  AIO Procedure (“All-in-One” Procedure) ................................................................... 227 
9.1.1  Measurement Process Capability Study ..................................................... 227 
9.1.2  Determination of the Extended Measurement Uncertainty.......................... 227 

9.2  Practical Examples of the “All-in-One” Procedure ..................................................... 231 
9.2.1  Measurement Process with Linear Material Measure ................................. 231 
9.2.2  Measurement Processes without Linear Material Measure ........................ 233 

10  Special Cases in Measurement Process Capability .............................................. 236 

10.1  What Is a Special Case? ........................................................................................... 236 
10.2  Typical Special Cases ............................................................................................... 236 

11  How to Handle Incapable Measurement Processes .............................................. 238 

11.1  Procedure for Improving Measurement Processes ................................................... 238 

12  Typical Questions about Measurement Process Capability .................................. 241 

12.1  Questions .................................................................................................................. 241 
12.2  Answers .................................................................................................................... 241 

13  Capability Studies in Visual Inspections ................................................................ 244 

13.1  Requirements for Visual Inspections ......................................................................... 244 
13.2  Aptitude Test for Visual Inspectors ........................................................................... 245 

14  Purchase of Gages................................................................................................ 248 

14.1  Example for a Measuring Task Description .............................................................. 249 
14.2  Example for a Requirement Specification ................................................................. 250 

15  Proof of Suitability for Test Software ..................................................................... 251 

15.1  General Consideration .............................................................................................. 251 
15.2  The Myth of “Excel Tables“ ....................................................................................... 254 



xii Table of Contents   
 

15.3  Gage Capability Test Examples ............................................................................... 257 

16  Appendix ............................................................................................................... 270 

16.1  Tables  ...................................................................................................................... 270 
16.1.1  d2* Table for the Determination of k Factors and Degrees of Freedom for  

t Values ....................................................................................................... 270 
16.1.2  Capability Limits according to VDA 5 .......................................................... 273 
16.1.3  k Factors ..................................................................................................... 274 

16.2  Analysis of Variance Models ..................................................................................... 274 
16.2.1  Measurement System Analysis – Study Type 2 ......................................... 274 
16.2.2  Measurement System Analysis – Study Type 3 ......................................... 279 

17  Reference .............................................................................................................. 282 

17.1  Abbreviations ............................................................................................................ 282 
17.2  Formulas ................................................................................................................... 286 
17.3  Bibliography .............................................................................................................. 288 
17.4  Figures ...................................................................................................................... 296 
17.5  Tables  ...................................................................................................................... 300 

18  “Measurement System Capability” Reference Manual .......................................... 301 

19  GM PowerTrain Measurement Systems Specification (SP-Q-MSS)...................... 329 

20  Bosch Booklet 10: Capability of Measurement and Test Processes...................... 402 

21  Index ...................................................................................................................... 428 

 

 

  

 
 


	Seiten 1-194_df
	prÃ¼fprozesseignung_3_em_druckhbneuerUmbruch ab 195.pdf


<<
  /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




