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Presentation

« Mattias Ericsson
— LabVIEW developer >10 years

— CLA i | abVIEW
— LabVIEW Partner Program B

» G# Framework

G# StarUML

Free, open source tool
LabVIEW Add-On of the Year for Community 2011
www.ni.com/labviewtools
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Agenda
 What is a Measurement System Analysis?
 Definition of variation

 Gage R&R study
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Measurement System Analysis

* Quality of measurement data

5.05-

5.02-
o 5.01- | |
£ SRR |
2499- '
< 408-
497 -
496 Tl I I I I I I I I I I
0 50 100 150 200 250 300 350 400 450 500

Tirme

. Source of variations
 Statistical properties

— Multiple measurements
— Stable conditions Add
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Measurement System

* |nstruments
 Methods
* Fixtures
« Software
* Personell
 Environment

Add @
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Statistical Properties

 Arithmetic mean, y or X _ Y x
_ Same unit as data TN

 Standard deviation
— Shows how data Is scatted around the mean
— Same unit as data

Z(xzi —x) \/Z(x — [)?
1=1 g — .
N
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CONSULTING




Probability

Histograms
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0.08 ’\_
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Individual Chart (LICL:3.015 LCL:2.574 Xbar mean:Z.595) Capability Histogram
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Normal Distribution

1 2,5 2
(I} — E—{:l:—;.t} J20
/\ r o2

- 30 n-26 WU-0 1 H+G  p+20 u+30
\_ 68.26% J
95.46%
99.73%
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Normal Distribution
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deviation
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MSA — Measurement System Analysis

* Qualify a measurement system for use

— AIAG /ISO 16049

 Accuracy (Gage Study Type |)

— Bias and Stability

* Precision (Gage R&R)
— Repeatability
— Reproducibility

True %

O ® 0 0

ﬂccurate Accurate Mot Accurate Mot Accurate
&Frecise &Mot Precise &Precise &Mot Precise
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Gage R&R

e 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?
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Appraiser

« Not always manual testing

« Appraiser used instead
— Operator
— Test Socket
— Station

« Example: 10 UUTs are tested 3 times each

by 3 appraisers
Add
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Crossed or Nested

Appraiserl

Appraiser2

UuT1

UuT?2

UuUT3

uuT4

Appraiserl | | Appraiser2
UUT1 || UUT2 || UUT3 || UUT4
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Variance

« Squared standard deviation

n , N
Z (x; — f}z Z (X; — 1 }2
9 =1 9  i=1
s = _
n—1 ° N

 Difficult to use and interpret!
* But...

2=+ 24 5 2 2 (22 — 42 4 22
Orotql”=01"t0,°+...+0,” (5 = 4° + 37)

OTotal 01+ 0, + -0, (5 #4+3) Add
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Gage R&R Variance

210 2 .
OTotal ~Opart TOmeas

A L 2

Ay L
meas repeat reproducabtility

o= 2

2 2
OTotal apart +Jrepeat reproducability
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ANOVA — Analysis of Variance

 One-Way
— Only one appraiser
— No Reproducibility

 Two-Way
— More than one appraiser
— Crossed
— Nested

e pp—

ﬁ"-F'F'rl Appr

Partl

Do
PAM?  mefeefiih
.

Part3

<_;;:::ZH_£

Y
Htotal

2
Happr and o Appr

2
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Gage R&R Output

Gage R&R (Nested) for RSSI Dongle

Source DE SIS 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
$Contiygbutich
Source VarComp (oﬁ/VarComp) \
Total Gage R&R 48.1071 I/ 97.34
Repeatability 0.1219 0.25
Reproducibility 47.9853 l 97.09 |
Part-To-Part 1.3162 \ 2.66 1
Total Variation 49.4234 \ 100.00 /
N
Process tolerance = 50
/ Precision-to-Tolerance (P/T)
Source StdDev (SD) (6 * SD) (%SV) SV/Toler
Total Gage R&R 6.93593 41.6156 98.66 I 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 N\ 84.36 /
N\ 7/
-

Number of Distinct Categories = 1

Add e
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Gage R&R Output

Gage R&R (Nested) for RSSI Dongle
Reported by :
Gage name: Tolerance:
Date of study: Misc:
Components of Variation K328.2.17.5 RSSI Dongle By SerialNumber ( TestSocketIn
100 % contribution 160
% study var
g D% Tolerance 150
o
£ 50 140
= SerialNumber
0 A1 L1
Gage R&R Repeat Reprod Part-to-Part
TestSodetIndex N Vv % > % © A £
R Chart by TestSocketIndex
é:, K328.2.17.5 RSSI Dongle by TestSocketIndex
e 160
o UCL=1.024
E' R=0.484
a 150
&
N 3 N 140
SerialNumber 1' 2' 3 4 5 6 7 8
TestSocketInd
Xbar Chart by TestSocketIndex s erindex
c 1 2 3 4 5 6 7 8
3 160
2 150 1 ratren:sy
€ 140 A
&
osiliddsssiiiin it niitd i
SerialNumber




Gage R&R Criteria

Measurement Systems Analysis

AIAG / I1ISO 16049 .\

Rule of thumb: 10 x 3 x 3
— 10 UUTs, 3 times each, 3 appraisers

Gage R&R Variance Contribution
< 1% OK

P/T (Precision-to-tolerance)
< 10% OK
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Gage R&R Pitfalls

 AIAG Rules are hard to fulfil!

e Source of measurement
— UUT reading

— Calibrated measurements
« Hard to see part-to-part

« Averaging
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Wheelers Honest Gage R&R

EMP 11
« 1st, 2nd, 3rd and 4th class systems

&
- USING IMPERFECT DATA

* Probable Error (PE)
One PE = 0,045 X 0.6745
(50% interval of normal distribution)

True resolution of your system!
Example RSSI: 6.9 x 0.6745 = 4.65

7\
D
N 1
i y
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QRM — Quality Result Management

Improved yield, quality and better decision making!
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— 0.0003 . . e

QRM Web Application

" dd . QRM - Quality Result Management materi [ Log Out ]

Manage Users Change Password

ONSULTING

Overview Test Results Production Report Yield SPC 154 Stations Repairs About

Measurement System Analysis (MSA)
UUT Type Station Location  Start Date Time Stop Date Time Outcome  Test Socket

K328 v Al v CAlE > 2012-02-01 2013-03-12 Al v Al -

UUT Serial 1 MsAReport 201303 pdf -
Eile Edit View Window Help ®

Execute @@@@B@| 4‘2‘|E7 TnnlséSignéCnmment

Result Mam
K328.291

MSA Mode

3/12/2013 3:48:13 BN
=

MSA Anal
COMNSULTING _‘

Gage R&l
@O Number

MSA Report

@ Number K326
Number | [MSA Date 120372012 6:04:27 PM
Tatal De | |Appraiser Type Test Socket
Number of Appraisers 8
Result 9 |Mumber of Parts [
J |Mumber of Replicates 5
§ Total Degrees of Freedom 319
D K328.2.
Result Name Tot Gage |Repeat Reprod PIT Mean LSL UsL Cpk #of
RE&R Distinct
Categorie
5
o|K328.2.8.1 o [001% 0.01% 0.00% @(031% 2008V 2pav 3.00v 2.53 a| 177
TPi01 VCC
=
Repestability 256 07 Z2T7Z84E-05
20 s .
0 0.01 0.31 0.01 0.31 0.00 0.00 o e
Gage R&R Repeat Reprod Part-to-Part
Range Chart (UCL.0.0002 LCL:0.0000 Rbar mean-0.0001) CONSULTING
0.0004 " 0 0 03 04 05 06 07 08 Gage R&R




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

- PIT

— Probable Error (PE)
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