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Definition

Measurement

The assignment of numbers to material
things to represent the relationships
amongithem with respect to ‘particular
properties.

C. Eisenhart (1963)
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Measurement Systems Analysis

« Basic Concepts of Measurement Systems
AgProcess

« Statisticsiand the/Analysis of Measurement
Systems

« Conducting a Measurement Systems Analysis
« |SO - TC 69 is the Statistics Group
« Ensures high ‘Data Quality’ (Think of Bias)
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Course Focus & Flow

Measurement as a Process

Mechanical Aspects (vs Destructive)
Piece part

k

Hemyar-com

 Gauge R&R Studies

Special Gauging Situations

Go/No-Go
Destructive Tests
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Place Timeline Here
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The Target & Goal

Continuous Improvement

Production

Pre-Launch

Prototype

LSL USL
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Key Words

Discrimination
Ability to tell things apart

Femareom

eprodu

Linearity
Stability
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Measurement as a Process

Basic Concepts

« Components of the Measurement System
« Reqguirements of a Measurement System

 Eactors Affecting ajMeasurement System
. Characteristics of a Measurement System

Features (Qualities) of a Measurement Number
» Units (Scale)
» Accuracy
» Precision (Consistency or Repeatability)
» Resolution (Reproducibility)
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Measurement Related Systems

Typical Experiences with

Measurement Systems

Elsmar.com
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Basic Concepts

« Every Process Produces a “Product”
» Every Product Possesses Qualities (Features)

« Every Quality Feature Can Be Measured

e Total Variation
= Product Variation + Measurement Variation

« Some Variation Inherent in System Design

« Some Variation is Due to a Faulty Performance of
the System(s)
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The Measurement Process

What is the ‘Product’ of the Measurement Process?

What are the Features or Qualities of this Product?
How Can We Measure Those Features?

h.
:
N~
=
b
. =
E
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Measurement Systems Components

« Material to be Inspected
Piece
Continuous

« Characteristic to be Measured

Fismar-rom
SILTAL L

* Instrument or Test Set

* Inspector or Technician
AlIAG calls these ‘Appraiser’

 Conditions of Use
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Where Does It Start?

During the Design (APQP) Stage:

The engineer responsible for determining inspections

and tests, and for specifying appropriate equipment
should be wellverseddnmmeasurement systems-ihe
Calibrationfolks should'be part of the process as a

part of a cross-functional team.

Variability chosen instrument must be small when
compared with:

Process Variability
Specification Limits
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Typical Progression
Determine ‘Critical’ Product Engineer
Characteristic
Determine Required
Resolution

ce 10 Fatior € En
Measurement System for
the Characteristic

(Variables)

How will the data

EIs

Product Engineer

o1l

Cross-Functional

Determine What

Equipment is Already Metrology
Available
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Measurement Systems Variables

Material, luspector, Metbods,

Test Method

Sample Training

Workmanship

Sample Parallax

Preparation Practice

Samples

Reproducibility

Ergonomics
Standards

a
O

Collection
;qo ’ brz ‘A ’

!II h
Bias Temperature

Repeatability & jivration

Lighting

inearity Humidity

Roviconment,

Fixture
Eyesight
Air Pressure

Air Movement
Fatigue

AN ey

These are some of the variables in a measurement
system. What others can you think of?
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Determining What To Measure

Ext | .
Requif;r:.aents/ « Voice of the Customer

You Must Convert to Technical Features

Convert To
Technical Features

Re;::mElsm‘aF‘a@Om

 Control Plan
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Voice of the Customer

Customer
may
specify® EXtema| and
causes
rather than lnternal
output  Customers

o _Stated.vs Real
and'Perceived
Needs

» Cultural Needs

 Unintended
Uses

* Functional
Needs vs.
Technical
Features

Cayman Business Systems 980820 Revision J
(513) 777-3394 Elsmar.com

A1LI2 Fev810S

<&—— Correlation Marrix:

Strength of Need © Suong Positive
O Positive
© Very Strong (@) X Negative

O Strong ©
\Wek o

What are Their

l)
Whoarc My Needs?
Customers?

Customer #1 ’
Customer #2
Customer #3 O
Customer #4 @
Customer #5 VAN
Customer #6
Customer #7 VAN
Et, ]
Measure ———-———->‘

Impormance Factor >

X Strong Negative

b

Competitor
Assessment

:

Need #4

() Need #5

SN RO
'
OSSO

Etc.

Necd #7

IO Nedd #8

Need #1

[> Need #2

>IOIOOIDSD> | Neca#3

> >IOO
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Convert to Technical Features

« Agreed upon
Measure(s)

 Related to
Functional Needs

. n
¢ | aﬁol Need
nterpretation

« Broad Application
° Economlcal Technical Feature

« Compatible

 Basis for
Decisions
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Failure Modes Analysis

. CODES: D S P
IS’;:::: No.. _XIOL | 1. verylow none <lin 10
stem: _Planetary Group i i
. ollateral Damage 2. low minor =3 in 10
g:::_y“’ %’: Seriousness 3. medium significant 50-50
; Probability 4. high high ~7in 10
5. very high catastrophic>9 in 10
'—Component Potential Cause Effect Corrective
(Part#) Failure of Failure of Failure Action
Gear, Hub Grooved externall Wear, case 5| 3| Will not transmit__| Heat treat
Part # xxxxx' |spling tecth crunching power splincs
Plate, Reaction| Warped LNot made flat | 314 2| Clutch slippage | Provide straightening
Part # xxxxx Excessive heat, | 1{4] 2| Clutch slippage  |Increasc engaging
slippage force
Worn or smcared Lack of lube 4/2(Clutch slippage  |Increase lube oil
Disc Assembly Warped Excessive heat, | 1|5 3| Clutch slippage  |Increase lube oil
Part # xxxxx slippage
Loss of friction | Bond failure 4/ 2| Clutch slippage [ Dcvelop better bonding
matcnial
Spring Broken Fatigue 312! No plate separation Design for lower stress
Part # xxxxx Improper 3{2|No plate scparation| Provide asscmbly
asscmbly instructions

Critical Features are Defined Here!
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Measurement Systems Analysis

Design
FMEA

Process
FMEA

|dentify

Key
Features

|dentify
Control

Needs

Slide 21, Printed 2/9/04



Automotive FMEA

Process Failure Mode And Effects Analysis Low - High
Process: Outside Suppliers Affected: Engineer: 1-10
Primary Process Responsibility: Model Year/Vehicle(s): Part Number:
Other Div. Or People Involved: Scheduled Production Released: PFMEA Date: Rev.
Approvals: Quality Assurance Manager Quality Assurance Engineer
Operations Manager Senior Advisor
f ot
Part Name -03 ‘E '% Recommended @ E '%
Operation Potential Failure Potential Effects Of 3l 2 gl =z Actions And Actions | 3| & 8l z| Responsible
Number Process Function Mode Failure Potential Cause Of Failure Current Controls S 318l & Status Taken | 8| Il & & Activity
SIR Take TPPE Wrong MaterigFragmented Container Insufficient Supplier Control |Material Certification o|z|s
Container Material Held In Unpredictable Deployment ||lmproper Handling Required With Each
1 Storage Area Misidentified Material Shipment
Release Verification
Out Of Spec |Fragmented Container Supplier Process Control Periodic Audit Of 3] 10| 3|90
Material Unpredictable Deployment Supplier Material
Gontaminated|Fragmented Container Qpen Boxes Visual, Inspection 1| 7| 63
Material Unpredictable Deployment
Material  [Fragmented Container Engineering Change Release Verification | 1| 10| 7[ 70
Composition |Unpredictable Deployment [{Supplier Change Green "OK" Tag
Change Customer Notification
2 Move To Unreleased [Fragmentation Untrained LTO Check For Green "OK" | 3| 10 1|50
Approved Untrained Personnel Tag At Press
Storage Trace Card
Check List
Training

Leading to MSA. Critical features are determined by the FMEA

(RPN indicators) and put into the Control Plan.
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Control Plan / Flow Diagram

I I ADJ. SCREW A-283 CASING A-118
* I nsS peCtI on POI ntS S iy e Drown Stwt 1/4° Hex, Cald Drewn Stagl 20 ga Cold Rolled Steel

° InspeCt|On 0018 o 15T MACHINE .0043( § QSS:TEETE .ooos :T”::g
Freq UenCy 0013 @ FINISH MACHINE .0032( 6 ) TAP 0013 o Efn‘éi,s&om

FORMA& CUT OFF

o I n Stl’u me nt 60005 0 NCKELPLATE 00005 7 ) NOKEL 0020 o FINSH FORM

:Ic:l INSPECT k2 | NSPECT ,om NOKEL
 MeasurementiSeale sevscaeWinis |
.0083( B ) ASSEMBLE 11| INSPECT
* Samplée Preparation. [, euwews. -
* Inspection/Test o00s(1) evtrormanouai(2) {08
Meth Od .oooos NICKEL PLATE .002¢(13 A"gmgg‘a"s"v:s”
[ INSPECT
* Inspector (who?) S
. nso() S Tar R
* Method of Analysis 1 mwernseer
gm'm
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GM Process Flow Chart

Process Flow Diagram Approved By:
Part Number: Date: 4/5/93 QA Manager
Part Description: Rev. : C Operations Manager
Prepared By: Senior Advisor
QA Engineer
C
©
e )
2 o o 5
Q 3 o oy
Step S =1 H £ Operation Description Item #| Key Product Characteristic |ltem # Key Control Characteristic
1 Mover'OK" Vinyl Material 1.0__|Material Specs 1.0 |Material Certification Tag
From'Storage Area and
Load Info Press.
2 Auto Injection Mold Cover 2.0 |Tearstrip In Cover 2.1 |Tool Setup
In Tool # 2.2 |Machine Setup
3.0 |Hole Diameter In Cover 2.1 |Tool Setup
2.2 |Machine Setup
4.0 |Flange Thickness In Cover 2.1 |Tool Setup
2.2 |Machine Setup
5.0 |Pressure Control Protrusions 2.1 |Tool Setup
Height 2.2 |Machine Setup
3 Visually Inspect Cover 6.0 |Pressure Control Protrusions 2.1 |Tool Setup
Filled Out 2.2 |Machine Setup
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Standard Control Plan Example

Control Plan Number Key Contact / Phone Date (Orig.) Date (Rev.)
Part No./ Latest Change No. Core Team Customer Engineering Approval/Date
Part Name/Description Supplier/Plant Apoproval/Date Customer Quality Approval/Date

Other Approval/date (If Req'd) Other Approval/date (If Req'd)

Part/
Process
Number
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Ford’'s Dimensional Control Plan (pcp)

Part Name Widget Sheet 1 of 1
PartNumber ___103E Last Revised Jan 99
Process Sheet Data 2-27 Department ___35 ___  Operation 26 Date Aug 99
mportance
»\ Level g:;g;' Capabllity Control Sampling Gage |Gage
%,
ID | Description S Contributing |Cp | Cpk | Date Method Frequency | Size Description| R&R
OP05
1 Outside P |3 (o 4.0 |3.5(L).1-7-86 (At Every 2/S
Diameter Supplier) 2 Hrs.
(At Slppiisr) X R
Charts
loP10
2 Left] Inside BP |2 ™™™ T-1 2.0 |1.9(L)]4-10-86|Checksheet At Tool 3/S |Micrometer| 20%
Diameter Chg. & v)
Every 150
Right 3.1 |2.4(L)Y 4-10-86 pcs.
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Measurement as a System
» Choosing the Right Instrument

Instrument Calibration Needs
Standards or Masters Needed
Accuracy and Precision

Elsmiir.com

* Reported Figures

Significant Figures Rule

2 Action Figures
Rule of 10
Individuals, Averages, High-Lows
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Measurement Error
Y=X+E€
Measured Value (y)

TfEVl'SmaT oy §1 ©

|
|
i |
Deming says there is |
no such thing as a Consistent (linear)?
“True’ Value.
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Sources of Measurement Error
« Sensitivity (Threshold)

Chemical Indicators
« Discrimination
* Precision (Repeatability)
| Accuracy-(Bias)
| Damage

« Differences in use by Inspector (Reproducibility)
Training Issues

« Differences Among Instruments and Fixtures
« Differences Among Methods of Use
« Differences Due to Environment
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Types of Measurement Scales

 Variables @

Can be measured on a continuous scale
Defined, standard U nits of Measurement

EIsmar

Derived ‘Unit of Measurement’

Can be observed or counted
Either present or not
Needs large sample size because of low information content
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How We Get Data

Includes Sensory (e.g..: Beer)

* Inspection

Jedsm
N

e Test
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Operational Definitions
Is the container Round? i

Is.your software Accurate?
|s‘thedconiputer screen-Clean?

Is the truck On Time?

o——se. b

Cayman Business Systems 980820 Revision J

(513)777-33%4 Elsmar.com Measurement Systems Analysis

Slide 32, Printed 2/9/04



Different Method = Different Results

EE§E§§§EEEE§E§§EE=

SOMEOD N QT
= P P o o= NN

% Scannability

Cayman Business Systems 980820 Revision J .
(513)777-33%4 Elsmar.com Measurement Systems Analysis Side 33, Printed 2/9/04



Measurement System Variability

« Small with respect to Process Variation

« Small with respect to Specified

Fﬁ «COM

easurement IS a
Free of Assignable Causes of variation

TOCGSS
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Studying the Measurement System

* Environmental Factors

 Human Factors

EiSiiar.com
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Standards

National
In the US - Kept or Tracked by NIST

* Primary
o) ' om National Standard using ‘State-of-the-
A AY.COoIm
* eco ary @

Transferred from Primary Standard

 Working

Used to calibrate laboratory and shop instruments
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Environmental Factors

 Temperature
* Humidity
* Vibration

Jigh Where is the study performed?
ElSmarcom

3. Both?
e Wear

« Contaminants
Oil & Grease
Aerosols
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Human Factors
* Training
 Skills
« Fatigue
« Boredaom
» Eyesight
« Comfort

« Complexity of Part
« Speed of Inspection (parts per hour)

 Misunderstood Instructions
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Human Measurement Errors

« Sources of Errors .
Inadvertent Errors
* Attentiveness Good Bad

. ndom
Traini ‘
Issue  Consistent

RGJGCt al ha OK!
Wilful Errors (Bad mood)

* Error Types (Can be machine or human)
Type I - Alpha Errors [ (xriSk] Process in control,

but needs

Type |l - Beta Errors [ [risk] adjustment, False

alarm
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Measurement System Features

Discrimination
Ability to tell things apart

Biasyiper AlAG] (ACcCuracy)
Repeatability per Ainé) (Precision)
Reproducibility

Linearity

Stability
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Discrimination

« Readable Increments of Scale

 If Unit of Measure is too course: Process
variation will be lost in Rounding Off

 The TRule of Ten”: Ten possible values
pbetweenilimits is ideal
Five Possible Values: Marginally useful
Four or Less: Inadequate Discrimination
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Discrimination

Inadequate Discrimination Leads to Excessive Roundin 0

Avg R | Q"M o (‘mun””‘”’*‘“"ﬂg“ " \w

140 143 137 134 135 1378 9 Rheostat Knob Data
13800143 143 145 145 143.0 9 ”
139 133 1147 94849 a4z2i5) 'olvearest0.001
143 141/ 137 W38 1140 439.8 6

142" 142 1457135 136 140.010 Ao R
14 14 14 13 14 138 1

Rheostat Knob Data :2 :‘31 :‘51 :‘51 :g :j.i ;
To Nearest 0.01 14 14 14 14 14 140 0
14 14 14 14 14 140 0
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Range Charts & Discrimination

0147 Rheostat Knob Pinhole Location

Average

0.145 -

] i

0.143~ {
0.141- f ; !
0.139 J
- Indicates
0.137 M PoOr
Precision

00201 Range " .
0015+ . ] i ﬁ ﬁ
oo [laa A\ B
SIS

“ I

0.000 10 8 e B e B8 B omme 18 @0 e e

Measured to Nearest 0.001" Measured to Nearest 0.01"
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Bias and Repeatabillity

Precise Imprecise

Accurate
Inaccurate

You can correct for Bias
You can NOT correct for Imprecision
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« Difference between
average of

[ |
B I a S measurements and an

Agreed Upon standard
value

ias * Known as Accuracy

ol v ks gl

« Adds a Consistent”Bias
Measurement Scale Factor” to ALL

measurements

Stand
Valu

» Affects all measurements
In the same way
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Causes of Bias

Error in Master

Worn components

Instrument improperly calibrated

Instrument. damaged

Instrument improperly used

Instrument read incorrectly
» Part set incorrectly (wrong datum)
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Bias and QS9000

BIAS - The difference between the observed
Average of measurements and the master
Average of the same parts using precision
iInstruments. (MSA Manual Glossary)

Thelauditor may want‘evidence that the'concept of
bias is understood. Remember that bias is nothing
more than an offset from ‘zero’. Bias is linked to

Stability in the sense that an instrument may be
‘zeroed’ during calibration verification. Knowing this
we deduce that the bias changes with instrument

use. This is in part the concept of Drift.
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Bias

* | choose a caliper (resolution 0.01) for
the measurement. | measure a set of

parts. and derive the average.

 |"take the same parts and/measure
them with a micrometer (resolution
0.001). | then derive the average.

* | compare the two averages. The
difference is the Bias.
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Repeatability

« Variation among
repeated
measurements Repeatability

« Known as Precision

Elsm

casurement dcale

measurement

« Affects each 5.156 =99%
measurement _
randomly Margin of Error

Doesn’t address Bias
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Repeatabillity Issues

 Measurement Steps

Sample preparation
Ing up the instrument

AL.401

should we repeat?
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Using Shewhart Charts |

n=2
INSTRUMENT 1

:(5)- X X x X X
Els :;*:'}::’@}?S\;f}z::_;&%zfc S . AN

WpeSe S X % XY %% N %

15 - X Xy X X

10

5 -

X shows the discriminating power of the instrument.
Repeatability

R shows the error of measurement,

6

Source: AT&T SQC Handbook Pg. 87
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Using Shewhart Charts |

INSTRUMENT 2 n=2

>q

& 8

>

N
|
:

D |

-

104

X shows the discriminatingipowerof thelinstrument:

R shows thejerror of measurement.

14
X
12 X X X

1'% A A N | A |

Source: AT&T SQC Handbook Pg. 88
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Evaluating Bias & Repeatabillity

e Same appraiser, Same part, Same instrument
* Multiple readings (n=10 with 20 to 40 better)

™~ AIAG

True

* Analysis
1 ' Average minus,Standard Malue ~Bias
' 45.19"Standard Deviation = Repeatability
1 or +/- 2.5750 [99% repeatability]
1 or +/- 2 6 [95% repeatability]

Histogram
Probability
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Repeatability Issues

 Making a measurement may involve
numerous steps

Sample preparation
Setting-up-thednstrument
Locatingithe part, etc.

« How much of the measurement process
should we repeat? How far do we go?
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Bias & Repeatability Histogram
pPH of a Laboratory Standard

Daily Determinations

Never include assignable cause errors

Outliers
Analytical Error

:

0-3.21 |XXX
2-3.23 [XXXXX
4-325 |[XXXXX

0-331  XXXXXXXXXXXXXX
2-3.33 I XXXXXXXXX

34 -3.35 XX
3.36 - 3.37 XXX

3.38-3.39 |X

6-3.27 | XXXXXXXX
8 -3.29 I XXXXXXX

3.40-341 XX

292-293 (X
3.42-3.43

2.90 - 291
2.94 -2.95

Nolle sl unll o\ I~ JiNoNe o
A CCOCO—————AdAANANANNN™M
NN oM

pH Reading of Standard Sample
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Linearity

* The difference in the Bias or Repeatability across
the expected operating range of the instrument.

<

<t N << >
/)a >
/ -
Low Measurement Scale High
End End

Cayman Business Systems 980820 Revision J
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Plot Biases vs. Ref. Values

1312305 < Process Variation | >
1.00 5
0.80
0.60
0.40
0.20
0.00
0.20
0.40
0.60
(.80

200 = 4.00 6.00 8.00  10.00
Reference Value

Linearity = ISlopel * Process Variation =0.1317%6.00 = 0.79
% Linearity = 100 * ISlopel = 13.17%
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Causes of Poor Linearity

* |Instrument not properly calibrated at
both Upper and Lower extremes

stvError in the minimum or maximum
Master

e Worn Instrument

Instrument design characteristics
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Reproducibility

 Variation in the
averages among

different Reproducibility
appraisers _/
reppeatedly Standard __ |
: Value Appraisers

measuring the < B C
same part / \ / s
characteristic / \

« Conceptcanalso =% A B C >
apply to variation
among different Measurement Scale

iInstruments
Includes repeatability which must be accounted for.
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Reproducibility Example

Trial:

Part Aj217
Part B]220
Part C}217
Part D]j214
Part E216

2 3
216 216
216 218
216 216
212..212
219 1220

Appraiser X

216.3
218.0
216.3

1 2 3

-Phl\)-—"-h—"m

Appraiser Y

Avg
218.3
217.3
215.7

219
216
215

220
220
216

216
216
216

O-h—*-h-hm

First: Estimate
Repeatability

Cayman Business Systems 980820 Revision J

(513) 777-3394 Elsmar.com

-

Measurement Systems Analysis

R=25/10=25
UCLgr=D4R =2.575"2.5 = 6.4
c =R/d, =2.5/1.72 = 1.45
Repeatability = 5.15"c = 7.5
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Calculating Reproducibility (1)

* Find the range of the appraiser averages (Ro)
« Convert to Standard Deviation using d2*

(m=# of appraisers; g=# of ranges used = 1)

| Multiply(by 5:15

«“Subtractthe portion-of this o"due’to
repeatability
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Calculating Reproducibility

People variance

/

y

Reproducibility (Raw) = 5_15_RTO -515.0.6 _o >
d, 1.41
i 2 2
Reproducibility = ,\/ 5,1559} _[5-1'15r0}
T 5 . P
7.5 | imes done
=’\/(2'2) -[5*3J_1 Trials
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Stability

 Variation in Stability
measurements of a < o
single '
characteristic / \\
* On the same 6 = r
master E
b~
 Over an extended » -
period of time 7
» Evaluate using /
\ g
Shewhart charts *easurementScale
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Evaluate Stability with Run Charts

pH pH of Standard Sample
3.50
3.40 -
3.30 ]/\
. O
______-—»"D'D‘D'
3.20 7 '
3.10
3.00 - Outliers due
] to LabEr&>>a
2.90 1 .7 @ 1 v r1 T T 1 AN SN SARD s A S e S SRS A RS SRR S S
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
Day #

Cayman Business Systems 980820 Revision J

(513)777-33%4 Elsmar.com Measurement Systems Analysis Side 64, Printed 2/9/04



Stability

Gauge #1 Gauge #2

Both gages are stable, but.....
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Importance of Stability

 Statistical stability, combined with subject-
matter knowledge, allows predictions of
process performance

/ Action based-enganalysis.of Unstable, systems
may Increase Variation due to " Iampering’

« A statistically unstable measurement system
cannot provide reliable data on the process
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Viethods QfiAralysis
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Analysis Tools

» Calculations of Average and Standard
Deviation

suCornelation Charts
. Multi-Vari Charts

« Box-and-Whisker Plots
« Run charts

« Shewhart charts
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Average and Standard Deviation

¢ Bias = Average - Reference Value [X-bar — X]

¢ The Bias is Real if the Reference Value Falls Outside
the Interval: Average * 26/\n,

o Repeatability: 'co = RJd;

«12 2
¢ Reproducibility: 6o = '\/[Ro/dz] - —[%é

Cayman Business Systems 980820 Revision J .
(513)777-33%4 Elsmar.com Measurement Systems Analysis Side 69, Printed 2/9/04



Correlation Charts

Describe Relationships

e Substitute measurement for desired
measurement

o/ Actualfmeasurement/ to reference value

* |nexpensive gaging method versus
Expensive gaging method

* Appraiser A with appraiser B
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Substitute Measurements

» Cannot directly OO e Do atter
measure qua“ty Backscatter
66
e Correlate

substitute measure
62
« Measure substitute |

60 -

« Convert to desired .-
quality 56 -

54

60 65 70 75 80
Coal Density
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Comparing Two Methods

* Two 200
methOdS Magnetic - '
600~ Line of Perfect Agreement
* Measure

-l

parts using  5qg-
beth

400
« Correlate .
the two 300
« Compare 200 -
to Ll_ne ”Of ‘ Line of Correlation
No Bias 100+
* Investigate 0 —
differences 0 200 400 600 800
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Measurements vs. Reference Data

Part A PartB PartC PartD PartE
Adam [|0.65 1.00 0.85 0.55 0.60
0.625 1.000 0.825 0.500 0.650
Betsy< (0.55 1,05 0.80 0.40 0.55
0.550 1.000 0.775 0.400 0.525
Chuck |[0.50 1.05 0.80 0.45 0.85
0.525 1.025 0.800 0.475 0.825
Ref. Val.||0.55 1.00 0.80 0.45 0.70
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Measurements vs. Reference Correlation

1.05 | Appraiser
1.001| @ A
095-| BB
2 090 |AC .
= i Disparity
¢>—5 0.85 — |
RS0 Line of
@ 0.75-3 .
2 10.70 Equailty
.0.65.- ®
= 0.60 - ¢
0.55 -
0501 &R n
0.45
0.40 1/ W
S L L B L B L B LD ML SR BN NN
o ©o © ©o o o o
N e N o O Qo @
o o o (e o - -

Reference Values
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Comparing Two Appraisers

Part Adam Betsy Range 1.05 -
1.00
1 085 080 0.05 0.95 -
0.90 -
2075 070 005  mggs-
3 -ghoo o095 005 29"
4 045 11055 010 ©2797
5 <0:50 < 0.60 < 0.10 0,60~
0.55 -
R-bar = 0.07 0.50 -
0.45 -
GR&R = 5.15*R-bar/d2* 0.40 -
= 5.15%0.07/1.19
=0.303 Appraiser A
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Run Charts Examine Stability

pH pH of Standard Sample
3.50
3.40 7
3.30 T I/\

- o)

__'_.—'-D'D‘D'
3.20 '
3.10 7 7 out of 8
3.00 - Outliers due

| to Lab Error

\D-xa

2.90 —r ———— N U —

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
Day #
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Multiple Run Charts

AVERAGE
7 ®
1 ) i
4 e % A Appraiser C
37 l ! ‘ v ’ Appraiser B
ol /b\
11 o hd N/ Appraiser A
°

0

1 2 3 4 5 3} 7 8 9 10 PART

More than 3 appraisers confuses things...
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Multi-Vari Charts
* Displays 3 points

== High Reading

* Length of bar; bar-to-bar;
Bar cluster to cluster

 Plot/Highandtkow +
readlngs as Length Of bar JAVErage Réading

 Each appraiser on a
separate bar

 Each piece Iin a separate 1 Low Reading
bar cluster
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Multi-Vari Type |

« Bar lengths
are long

* Appraiser T— o+ T
differences

smallin T o ®
comparison ®
* Plece<to- | ® o
piece hard to
detect

* Problem s
repeatability

L

A B C A B C A B C
| 2 3
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Multi-Vari Type |l

* Appraiser
differences are

biggest source ® - i T
of variation — 1 ®

® -
*[Barlength is | @ ®

smallin s
comparison - ®
B
3

S

* Piece-to-piece =

C

hard to detect 4 B C A B C A
I 2

* Problem is
reproducibility
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Multi-Vari Type |l

Piece-to-piece

variation is the T
biggest source of ) o0
variation

Bar length ® ® @

(repeatability) is small &~ L L ® ;
In comparison

—rb—
e T

Appraiser differences 4 B ¢ A B C A B C
(bar-to-bar) is small in ~ * g
comparison

|deal Pattern
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Multi-Vari Chart Example

Normalized Data

il
AT CO

1 2 3 4 5 1 2 3 4 5 1. 2 3 4 5 PART
A B C APPRAISER

mading

e = 2nd Reading
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Multi-Vari Chart, Joined

VALUE

Hi Reading
Average
Lo Reading

e sem

g C Q C 5 C Q C C APPRAISER
PART

Look for similar pattern
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Using Shewhart Charts

e Subgroup = Repeated measurements,, same piece

 Different Subgroups = Different pieces and/or
appraisers

| Range chart shows precision (repeatability)

 Average chart “In Control’ shows reproducibility
It subgroups are different appraisers

* Average chart shows discriminating power
If subgroups are different pieces

(“In Control” is BAD!)
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Shewhart Charts

AVERAGE

Appraiser C
Appratser B

5T %
g “A >
31 'AFL / ‘

21

Appraiser A
1 2 3 4 S 6 7 8 S 10 PART

. L

This is not a good way to plot this data
Too many lines
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Shewhart Chart of Instrument

INSTRUMENT 1

6 -
4

2 4

X shows the discriminating power of the instrument.

R shows the error of measurcment.

0

P
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e R&R Studies
SINar.Comnl
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Gauge R&R Studies

» Developed by Jack Gantt

* Originally plotted on probability paper

* Revived as purely numerical
calculations

«\Waorksheets 'developed by AIAG

« Renewed awareness of Measurement
Systems as ‘Part of the Process’

Consider Numerical vs. Graphical Data Evaluations
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Terms Used in R&R (l)

Minimum of 5.

°* N = Number Of PartS [2 tO 10] 2 to 10 To accommodate

. worksheet factors
Parts represent total range of process variation

Need not be “good” parts. Do NOT use consecutive pieces.

Sereen for size

 a = Number of Appraisers

Each-appraiser measures each-part r times
Study must be by those actually using 1,2 4 .5

e R - Number of trials
1 Outside Low/High

— Also called “‘m” in AIAG manual Unsid; LOV:/High
arge

* g = r*a [Used to find d2* in table 2, p. 29 AIAG manual]
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Terms Used in R&R (ll)

 R-bara = Average range for appraiser A, etc.

 R-double bar = Average of R-bara, R-bars
 Rp= Range of part averages  Process Variation

« XpirF = Difference<betweenHigh &il.ow,appraiser
averages

Also a range, but “R’ is not used to avoid confusion
« EV =5.150. = Equipment variation (repeatability)
« EV = 5.159 = Equipment variation (reproducibility)
PV = Part variation
TV = Total variation
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R&R Calculations

* EV=R *K,
m K, depends on r, the number of trials

o AV = '« (_X-D“:F * K2)2 _ (EV2 /nr) Left over

Repeatability

= K, depends on a, the number of aPpr aisers

' n'=Parts; r =trials

+ R&R = VEVZ + AV? Nonconsecuive
e« PV = RP * K3 Pieces

= K, depends on n, the number of parts
¢ TV =YR&R? + PV2 - (EV2/r) . Leftover

\ Repeatability
/ Product Process

Measurement Variation
System Variation
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Accumulation of Variances

A Particular A Particular A Particular Test
Unit Set-Up

\ ’\ Expected Value ®
\oget— Up
Jrue' Value of
b Unit X - \
Variation Among
LS Replicate Tests

N

/ Variation Among
Test Set-Ups

Variation Among Units
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Evaluating R&R
* %R&R=100*[R&R/TV] (Process Control)
* %R&R=100*[R&R/Tolerance] (Inspection)

ismar;eom

depending upon use, cost, etc.

* Over 30%: Needs serious improvement
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Analysis of Variance |

 Mean squares and Sums of squares
« Ratio of variances versus expected F-ratio

[=ismar.com

* Disadvantages
Must use computer

Non-intuitive interpretation
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Analysis of Variance I

 The n*r measurements must be done in
random sequence [a good idea anyway]

swAssumes that EV [repeatability] iIs normal
and that EV/is hot proportional to

measurement [normally a fairly good
assumption]

« Details beyond scope of this course
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Special Gauging Situations

* Go/No-Go
* Destructive Testing

Elsmar.com
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It Gauges were Perfect

100%

Ismar.co

Low Nominal High
Spec Spec

0% -

Probability that Gauge will Accept the Part
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But Repeatability Means We Never
Know The Precise Value

100%

| But | But
" Measured Tue . Measured

> ar C

0% -

Probability that Gauge will Accept the Part

Low Nominal High
Spec Spec
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So - Actual Part Acceptance Will Look Like
This:

Type | Eror
False
Rejection

0% -

Probability that Gauge will Accept the Part
©

Nominal High
Spec
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The Effect of Bias on Part Acceptance

o C

This Measurement

Appears to be
Nominal

Probability that Gauge will Accept the Part

Nominal
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Go/No-Go gauges

 Treat variables like attributes

* Provide less information on the process,
but.

* Are fasthyand inexpensive

» Cannot use for Process Control
* Can be used for Sorting purposes
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“Short” Go/No-Go Study

Collect 20 parts covering the entire
process range

Usentwo inspectors

(Gage each part iwice

Accept gauge if there is agreement on
each of the 20 parts

* May reject a good measuring system
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Destructive Tests

« Cannot make true duplicate tests

» Use interpenetrating samples

Compare_3.averages

Adjust.using \n
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Destructive Tests: Interpreting Samples

¢ Consecutive pieces AIAG does not address

¢ Blocks of two

¢ Assign at random to replicate 1 or replicate 2

R

¢ Evaluate repeatability, as usual

¢ Multiply Vn &

x-bar

to geto
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Summary
Elsmar.com
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Measurement Variation

* Observed variation is a combination of
the production process PLUS the

measurement process

. The coniribution“of the measurement
system-is often overlooked
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Types of Measurement Variation

* Bias (Inaccuracy)

* Repeatability (Imprecision)

Elsthar.com

« Stability
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Measurement Systems

 Material

* Characteristic
o Sampling_and._Preparation

. Operational 'Definition_ofsMeasurement
* Instrument

Appraiser

Environment and Ergonomics
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Measurement Systems Evaluation Tools

Histograms

Probability paper
Run_Charts

Scattern,diagrams
Multi-Vari Charts

Gantt "R&R” analysis
Analysis of Variance (ANOVA)

Shewhart “Control” Charts
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Shewhart Charts

 Range chart shows repeatabillity

« X-bar limits show discriminating power
* X-double bar shows bias

(iffa known'standard exists)

* Average chart shows stability

(sub-groups overtime)

Average chart shows reproducibility

(sub-groups over technicians/instruments)
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Conclusion

 Rule of Ten

* Operating Characteristic Curve

FISiiiar.com

Attribute Inspection
Destructive Testing
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