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Agenda 

• What is a Measurement System Analysis? 

 

• Definition of variation 

 

• Gage R&R study 

 

 



Measurement System Analysis 

• Quality of measurement data 

 

 

 

 

• Source of variations 

• Statistical properties 

– Multiple measurements 

– Stable conditions 



Measurement System 

• Instruments 

• Methods 

• Fixtures 

• Software 

• Personell 

• Environment 



Statistical Properties 

• Arithmetic mean, µ or ͞x 

– Same unit as data 

 

• Standard deviation 

– Shows how data is scatted around the mean 

– Same unit as data 

 

 



Histograms 



Normal Distribution 



Normal Distribution 



Other Distribution 



MSA – Measurement System Analysis 

• Qualify a measurement system for use 

– AIAG / ISO 16049 

• Accuracy (Gage Study Type I) 

– Bias and Stability 

• Precision (Gage R&R) 

– Repeatability 

– Reproducibility 



Gage R&R 

• Precision 

• Example: 10 UUTs are tested 3 times each 

by 3 operators. 

 

• Repeatability – An operator repeats the 

same measurement the same? 

• Reproducibility – Is there a difference 

between operators? 

 



Appraiser 

• Not always manual testing 

• Appraiser used instead 

– Operator 

– Test Socket 

– Station 

 

• Example: 10 UUTs are tested 3 times each 

by 3 appraisers 



Crossed or Nested 

UUT1 UUT2 UUT3 UUT4 UUT1 UUT2 UUT3 UUT4 

Appraiser1 Appraiser2 Appraiser1 Appraiser2 



Variance 



Gage R&R Variance 



ANOVA – Analysis of Variance 

• One-Way 

– Only one appraiser 

– No Reproducibility 

 

• Two-Way 

– More than one appraiser 

– Crossed 

– Nested 



Gage R&R Output 
Gage R&R (Nested) for RSSI Dongle  
Source                        DF       SS       MS        F      P 

TestSocketIn                   7  13482.8  1926.11  287.346  0.000 

SerialNumber (TestSocketIn)   56    375.4     6.70   55.000  0.000 

Repeatability                256     31.2     0.12 

Total                        319  13889.4 

  

Gage R&R  
                            %Contribution 

Source             VarComp   (of VarComp) 

Total Gage R&R     48.1071          97.34 

  Repeatability     0.1219           0.25 

  Reproducibility  47.9853          97.09 

Part-To-Part        1.3162           2.66 

Total Variation    49.4234         100.00 

  

  

Process tolerance = 50 

                                Study Var  %Study Var  %Tolerance 

Source             StdDev (SD)   (6 * SD)       (%SV)  (SV/Toler) 

Total Gage R&R         6.93593    41.6156       98.66       83.23 

  Repeatability        0.34911     2.0946        4.97        4.19 

  Reproducibility      6.92714    41.5628       98.53       83.13 

Part-To-Part           1.14728     6.8837       16.32       13.77 

Total Variation        7.03018    42.1811      100.00       84.36 

  

  

Number of Distinct Categories = 1 

Precision-to-Tolerance (P/T) 



Gage R&R Output 
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Components of Variation

R Chart by TestSocketIndex

Xbar Chart by TestSocketIndex

K328.2.17.5 RSSI Dongle By SerialNumber ( TestSocketIndex )

K328.2.17.5 RSSI Dongle by TestSocketIndex

Gage R&R (Nested) for RSSI Dongle



Gage R&R Criteria 

• AIAG / ISO 16049 

• Rule of thumb: 10 x 3 x 3 

– 10 UUTs, 3 times each, 3 appraisers 

• Gage R&R Variance Contribution 

< 1% OK 

< 9 % Acceptable 

• P/T (Precision-to-tolerance) 

< 10% OK 

< 30% Acceptable 



Gage R&R Pitfalls 

• AIAG Rules are hard to fulfil! 

 

• Source of measurement 

– UUT reading 

– Calibrated measurements 

• Hard to see part-to-part 

 

• Averaging 
 

 

 



Wheelers Honest Gage R&R 



QRM – Quality Result Management 

Improved yield, quality and better decision making! 

 



QRM Web Application 



Conclusion 

• Use MSA to ensure measurement system quility 

• Use an automated tool for analysis 

• Build in support to run MSA in your system 

• Be careful when analysing results! 

– Variance contribution 

– P/T 

– Probable Error (PE) 
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