Measurement System Analysis




Learning objectives

> To be able to select and use appropriate methods to verify the .

> To know all the methods, and know how to interpret and evaluate their
results

> To know the methods’ scope of application as well as their limits

> To know approaches for identifying the causes of non-capable
measurement processes and be able to make approval decisions
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Seminar agenda

L0 T I T T . T N T

Definitions and requirements from standards

Resolution of a display

Measurement uncertainty of the measurement standard

Procedure 1 — Systematic error and repeatability

Procedure 2 — Repeatability and reproducibility

Procedure 3 — Appraiser-independent systems Done first, for
Procedure 4 — Linearity contentreasons
Procedure 5 — Stability

Procedure 6 — Test processes for discretized continuous characteristics
Procedure 7 — Test processes for discrete characteristics
Assessment of non-capable measurement and test processes

- Risk analysis and approval decision

. Causes of non-capable measurement systems

\
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Test and measurement

Testing
subjectively objectively
by sensory perception by go/no-go by
(visual, noise, haptic, ...) gauging measuring

@

Procedure 7 Procedures 6 /7 Procedures 1 -5
(Type 7 Study) (Type 6/7 (Type 1 - 5 Studies)
Studies)

4 wWww. ttg.ro



Test and measurement

=

Even if you can test by measuring,

Adequate check-list
available?

-Measurement process capability for
continuous characteristics

Create adequate check-list
:—@L -Test process capability for discrete

v characteristics

Process check-list

Continuous
characteristic?

Measurement
process capability
(continuous characteristic)
Fig. 3

Quote :

Note: Testing discrete or discretized characteristics
is not generally recommended, as meeting today’s
requirements on the basis of error rates requires
unacceptably large sample sizes. The demonstration
of capability based on continuous characteristics
using procedures 1-5 is always and absolutely
preferred.

Test
process capability
(discrete characteristic)

Fig. 5
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Definition: Measurement process and measurement

system
> AIAG Core Tool MSA 4th Edition

Terminology

Chapter I — Section A
Introduction, Purpose and Terminology

e Measurement System is the collection of instruments or gages,
standards, operations, methods, fixtures, software, personnel,
environment and assumptions used to quantify a unit of measure or
fix assessment to the feature characteristic being measured; the
complete process used to obtain measurements.

From these definitions it follows that a measurement process may be viewed
as a manufacturing process that produces numbers (data) for its output,
Viewing a measurement system this way is useful because it allows us to
bring to bear all the concepts, philosophy, and tools that have already
demonstrated their usefulness in the area of statistical process control.
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Definition: Measurement process and measurement
system

Operator Environment

Measuring/Test Device

Measuring - . . Measurement
Object s Measuring Equipment Result

Measuring Facility

Standard, Measurement
Reference Procedure,
.Object Strategy
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Classification of measurement errors

measurement error

{

systematic random

]

known unknown

{

correction

measuring
result

uncorrected
errors

[ measurement uncertainty j
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Taking measurement errors into account

LSL USL

Conformance zone
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ISO 14253 requirement
LSL USL
Reject Deliver Reject

Conformance Conformance
Zone Zone

Increasing uncertainty

No No
delivery J§ rejection

-U +U -U +U
Uncertainty Range Uncertainty Range

Lo
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Taking measurement errors into account

Measurement system variation << Tolerance I
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Application

(Quotes:)

> Capalbility is demonstrated through measurement and tests at the site of operation
of the measurement or test equipment and through statistical analyses.

> This makes only sense for measurement and test equipment which (e.g. in the
flow of production) performs a sufficiently large number of uniform, repetitive
measurements or tests, and only ever applies to the checked characteristic.

> If the same measurement or test equipment is used to perform measurements or
tests of different characteristics, capability must be demonstrated again for each
new characteristic.

> Where measurement tasks change frequently (e.g. in development and testing
areas), determination of measurement uncertainty is preferred to capability.

> Where conformance statements per ISO 14253 are required, determining
measurement uncertainty is necessary instead of or in addition to demonstration
of capability.

> If there are valid reasons why the methods described cannot be applied, the
suitability of other methods should be explored ...

\
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Impact of measurement process variation

2 | 2
o observed — o actual +0 measuring system

P

Observed Actual
process variation process variation

Impact on process

capability!
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Impact of measurement process variation

Observed
process variation —T—t

Actual process variation
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Impact of measurement process variation

Observed

T —
process variation /

Actual process variation
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Impact of measurement process variation

%GRR 70 % 60 % 50 %

| IEEERY

| [/ / /
%3 / // // /,/ 0%
o 30 %
e /éﬁ e e

_— 1 —1 ——
/ _ﬁé%/
1
0

o5 06 07 08 09 10 11 12 13 14 15 16 1,7 18 19 20
Observed Cp
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> Procedure 1 — Measurement of standard/reference - C,/C, Standard
- Prerequisite for procedures 2to 5 methods for

> Procedure 2 — Repeatability and reproducibility - %GRR O?F\’/F;rriog’s‘l'e
- Influence of real parts and appraisers measuring

> Procedure 3 — Appraiser-independent systems - %GRR systems

- Replaces procedure 2 for appraiser-independent systems

> Procedure 4 — Linearity study
- If not investigated by manufacturer/at calibration

> Procedure 5 — Stability
. Long-term assessment/monitoring

> Procedure 6 — Discrete characteristics with continuous reference values
- Determine “grey area” of uncertain decisions as “%GRR”

> Procedure 7 — Discrete characteristics with and without cont. ref. values
« Assessment using a k-value (Fleiss’ kappa)

\
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Methods

Fig. 2

Start Start'of test process
capability study

) N
. %) Note: Empirical limit according fo the 3
scqure cutae {ssurementeqdamen a1 e Contnuous
messurement squpmEnt m ‘campared o fhe foerance o Adequate check-list reference values?
; e characieristic Undsr t=st) available?
") Note: It has o be checked Imperatiely 1
et e e mazs et ok [T
| cormnvous necassary by Using 3 modned st aporoan)
‘aven If congierably nigher effor s required
2 {time, cost). yes Study according to
procedure 67
asurem e
rocess
capabie?
o e Create adequate check-list
process capabilty Procedure 6 Procedure 7
Sc00mIng 1o regUAoNS (%GRR) ) Optimize test process
Appendix A | |(discrere istic) char
( Machins capabllity v Chapter 3.1 Chapter 5.2 cf App. A
Procsss capabitty e sasbrt
y T
yes
. - B no Test process
First approval Review of characierisic, Capability criteria met? P> ik ’
o t : izati ble?,
= ar ?;:mr‘;z?mer HlErance, mEasUraman: Process check-list ( optimization possible’
Arrange for periodical
asmonE check-up of test process no
t proces capability according to
‘ Aol ‘ ‘ Conanonal 3pprya veﬁfﬁﬁgﬁgw g regulmions ?
%GRR > 10%
C;';;g;;!l Assessment
First approval possinie Continuous no Approval Conditional approval Test process with
il M . %GRR > 10% oderx < 0.9
characteristic?
Conditional
approval
G passible?
Meallrement Test
procesy capability process capability No approval
(continuoug characteristic) (discrete characteristic) compliance with
—_— —_— requirements
T Fig. 3 T Fig 5 not ensured
No approval: ~ >y J
‘complance with required ¥
specicaton not ensured

A
End of test process
( End ) capability study
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Flow chart

Measurement processes

> Assess resolution
> Perform capability analyses

> |If capable: use measurement systems and
monitor stability

> If not capable:
« Optimize
- Risk analysis
- Conditional approval
and re-qualification
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Flow chart

Examination of
measurement process
capability not possible / A

reasonable

no

Resolution = 5% T? Resolution = 10% T? %)

MESSUrEMEN: prosess
capanlity not possibie |
reasonanle

= cam
dE
) Note: Emirical limit according o the:
“Goiden Fule of Measurement Technciogy”
Acquire suliable {measuremant equipment at least 10 times
measurement equipment ) more aceurale COMpared 10 e tolerance of
e charaeiensic Unoe fest)
2
/

%) Note: Empirical limit according to the
“Golden Rule of Measurement Technology*
(measurement equipment at least 10 times
more accurate compared to the tolerance of
the characteristic under test)

Acquire suitable
measurement equipment 7)

)

") Note: It has to be checked imperatively if N
suitable measurement equipment can be

) Mote: It has 1o be checked Impesatiiely 1T
sultatie messuremant squipment can be
3cquired 1or te Measurement (s 1T
necssaTy by LSINg 3 MOAMEd st 3pOracn)
‘=ven I consierabiy Migher sffort s required
time, cost].

no

Measurement process

= ) J".:Z%T;efém Optiize messurement Al acquired for the measurement task (if
aooing {5 requiaions {continuous characienisic necessary by using a modified test approach)

even if considerably higher effort is requirad
(time, cost).

Fig. 4
Machine capabiity
Process capabliity
 fconmnuous charactsnaac|

Acquire mare accurate
measurment equipment

Backier

Measurement
yes no
process

First approval
or 3pproval afer folerance, measuremant capable? (

changes?

Arrange for periodical
Eaassamant: yes check-up of measurement Cptimize measurement A
Me3suramEnt proosss it

Canditional approval ‘ prgk e

process capability
according to regulations

process

———————Appendix A >

‘Condsanal
aoproval

First approval
ar aaproval afer
nanges?

Machine capability
Process capability
(continuous characteristic)

Booklet QA >

First approval
or approval after
changes?

Acquire more accurate
measurement equipment

—T N

Review of characteristic,
tolerance, measurement  —
process

L A »

possible?

Adaption of tolerance yes
possible?

No approval
= sz v
¥ Assessment:
. Measurement process with
-
{ £na . Approval Conditional approval Cak < 1,33 and/or
ﬂ—é %GRR > 10%

* Y Chapter 6
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Flow chart

Examination of
MESSUrEMEN: prosess
capanlity not possibie |
reasonanle

Resolun < 5% 77

% Nate: Empirical lImit according fo the
“Goiden Fule of Measurement Technciogy”
Acquire suliable {measuremant equipment at least 10 times
measurement equipment °y more accurats cOMEAred 1 Me terance of
e charaeiensic Unoe fest)
) Mot 1 has o be checked Imperatively I
Sultable measLrement equipmant can be
Z0quired Tor te meaEuTement K I
necassaTy by USING 3 MOGTIE 12st 3pDr0AcN)
‘2ven Hf Consigerably higher effort |5 required
(time cost].

Artange for periodical

yes check-Up of measurement
process capabil

aosording to reguiations

Optinize measursment

Maching capabillty
AGQUIE Mare accurate
Procsss capabliity
Mezsurament squipment
‘Bocier
yes

First appeowal
of approval ater
enanges?

Eaasssment:
MeasUrement prooess wiin
Conditional approval iy
HGRR > 10%
Chapter 6

‘Condsanal
aoproval

t0lerance, massuramant
process

First approval
ar aaproval afer
nanges?

No appmoval
complanee whh required
specification not ensured

ke e = = = = =

A 4

A

nov

Approval

Conditional approval

Assessment:

Measurement process with

Cgk = 1,33 andfor
%GRR = 10%

First approval
or approval after
changes?

Machine capability
Process capability
(conunuous charactensuc)|
Bookiet 9

Stability monitoring
{conunuous characterisoc)

Chapter 4,

Measurement
process (possibly)

es
¥ non-capahle?

A

Chapter 6

Conditional
approval
possible?

Examination of
measurement

process
capability not
possible/
reasonable
Measurement
uncertainty study
(Booklet 8, VDA 5, GUM)

Bookiet 8

100% sorting
within conformity range
possible?

Production
within conformity range
possible?

Mo approval:
compliance with required
specification not ensured

)

End
Fig. 2
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Starting point of a measurement system analysis

>

7

Purchase of a new measurement system
New application of an existing measurement system
- New products
- New characteristics
- New measurement strategies
o ...
Revision of a measurement system
- Regular maintenance
- Repair
« Expansion/change of a system

Viewed as a study of a measurement “process” — whenever something might

have changed about a process parameter/variable
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Flow char

Examination of
Me3SUrEMEN: prosess
30Ty N0t POSEILE |

% Nate: Empirical lImit according fo the
“Goiden Rule of Measurement Technology”
Acquire sultabie {measuremeant equipment at least 10 times
measurement equipment ) more accuralte compared 1 the tolerance of
‘Ne characienstic unaer test)
*) Not=: 11 h3s 1o be chacked Imperativaly I
procsss sultable measurement equipment can be
capablllty acquired for the measurement task (I Fig. 2
necessary by USINg 3 ModNed 6t aporoach)
‘even If considerably higher effort |5 required

time, cost) Start

AiTange Tor perodial
check-up of measurement
process cagailty
aecording 1o reguiations

Examination of
measurement process

capability not possible / N

reasonable

no

Resolution = 5% T? Resolution = 10% T? 2]

Acquire more assurate
measurzment equipment

2) Note: Empirical limit according to the
“Golden Rule of Measurement Technology”
(measurement equipment at least 10 times
more accurate compared to the tolerance of
the characteristic under test)

Review of characleristic,
Holerance, maasurement
process

Acquire suitable
measurement equipment )

J

1l Note: It has to be checked imperatively if
suitable measurement equipment can be
acquired for the measurement task (if
necessary by using a modified test approach)
even if considerably higher effort is required
(time, cost).

First approval
or agproval afer

J Measurement process
capability
(continuous characteristic)

Y Fig. 4
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Resolution of a display

Examination of
measurement process
capability not possible / A

reasonable

Resolution < 10% T? )

%) Note: Empirical limit according to the
“Golden Rule of Measurement Technology”
(measurement equipment at least 10 times
more accurate compared to the tolerance of
the characteristic under test)

Acquire suitable
measurement equipment ")

)]

Volt
1] Note: It has to be checked imperatively if 50 M i 80
suitable measurement equipment can be ° et 5 15 20 J0
acquired for the measurement task (if Q 5 2 2 483 25 09
necessary by using a modified test approach) s 4 S % %
DSP PAR FlA F2V¥ RST even if considerably higher effort is required N g 0 20 80 0, 2
(time, cost). \ 70,%

Resolution: the smallest change in a measured characteristic that causes a
noticeable change in the relevant display [VIM, 4.14]
Resolution of a display: the smallest difference between indicated values that
can be meaningfully distinguished [VIM, 4.15]
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Flow char

Start
o nfEag rema . no Examination or
i p————— e Me3ELEMENt Frcess
Resalition = 5% T2 g commercialy, > Esoilon = 10% T2 capabillty not possible |
3 ' reasonable
] _— e Y5 1 4 vote: emprcal it aceorang 1 me
*Goiden Aule of Measurement Teanology”
Acquire sultable (measurement equipment at least 10 tmes

.
maasurament equipmant '} more aceurate compared to the iolerance of

N enaraciarisii unoer st

ye£

) Note: It nas to be checked Imperatiely I h
T ‘SUitaDis Me3sureMent squipment can be
umuﬂm:l.tp, = ‘3COUIE TOF N MESELTENEN 135K (IT
necessary ty ueing 3 madiNed test approach]
even I conskierably higher efort s requirea
¥ ‘ {time, cost)
racess.
capable?
o
Foiid nl'g ‘Acquire more accurate
NF Sops measurement equipment
Eaokiet
First appdl Feview of characterst,
= or appraval lerance, measurement
onanges? provess
h
Approval ‘ ‘ Conarional apgroval ‘

[y

yes
h J

Maching capablilty
Process capablilty

EoowE

Stability moniboring
feanunuces

Chapter

Fg U

No approval:
compiiance wih required
spaciication not ersured

J

eacureme
process {possibly)
nar-capanie”

MNote:

In case of an undefined
capability criterion
(i.e. in case of a one-
sided ch, 0

measurement process
capability study

Procedure 1
(Ca, Can)

Procedure 1:

no

istic
without a natural limit)
the requirements of
procedure 1 are fulfilled
by defining the:
acceptance criterion for
measured values

no

capability criteria
met?

Root cause
analysis

yes
Measures taken?

Linearity test
required?

Procedure 4
(Linearity)
Chapler 4.4

Capability criterion
not yet met

Linearity criteria
met?

Root cause
analysis

yes

Measures taken?

no

Naote:
Capability criterion
not yet met

yes Appraiser no
indl
{ possible? }
Procedure 2 Procedure 3
(%GRR (%GRR
k Chapter 4.2 J Chapter 43
Procedure 2/37 no
capability criteria R:z:’a;':"’ Measures taken?
met? Vs

End of
measurement process
capability stud:

Capabilty criterion
not yet mat
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Flow chart

measurement process

capability study

P EEE I S S S S S S S S e e e e e .

| I \
N | Procedure 1
| — I Nate: {C4. Can)
rocedurs
I Note: (Cs. Cad In case of an undefined + %ﬂ'ﬂ_“'f>
In case of an undefined = I capability criterion
bility crit B B
[ i Ay (i.e in case of a one-
sided characteristic Procedure 1: yes I sided characieristic no Root cause yes
without a natural limit) capability criteria . P =pe - -
| therecuiementsor 2 without a natural limit) capability criteria analysis Measures taken?
procedure 1 are fulfilled I the requirements of met?
by defi th
I acoepianes o for procedure 1 are fulfilled
measured valuss Mate: I by IjEﬁI"liI'IQ the
I Cap::‘";':tcr:z""" acceptance criterion for no
na Linearity test I measured values Mote:
ired? - - .
I reauire I ‘Capability criterion
not yet met
no . -
I Linearity test
I I required?
Linearity criteria Root cause yes I
I met? analy=ts Procedure 4
I o I [Linearity)
I Chapfer 4.4 »
Mote:
I Capability criterion
not yet met I
I yes }_\ppraiser }res
- Linearity criteria Root cause
possible? I ity . Measures taken?
I met? analysis
— e . o o -
\ no
Frocedure 2137 yes Mote:
“Plb:""g;‘-mfﬂ Capability criterion
) nat yet met
Appraiser
Mote: influence
Endof Capabilty criterion possible?
measurement process not yet met
capability stud Procedure 2 Procedure 3
[%GRR) (%GRR)
T Chapter 42 T Chapler 4.3
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Procedure 1 — Using a measurement standard

> Obijective
To demonstrate the capability of a measurement process (as a test process
for a certain characteristic) in terms of the location and variation of measured
values within the characteristic’s tolerance region.

> Requirements
« Product characteristics with a bilateral tolerance
. If there is a natural limit, this is used as a replacement
(e.g. gap width, roughness, evenness ... USL is defined, LSL* = 0)
. Calibrated measurement standard (reference part) available

> Conducting the study
« The standard is measured 50 times (min. 25 times) under repeatability
conditions

\
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Procedure 1 — Process

4
i Sart
Procedurs 1

Documentation:

> Documentation Comebeias M W heccr

Data acquisition;

9 Data COI IeCtion *  Measurs measursment

sancard at least 25 dmeas

& Urcdarnp and clamp
measuramant siendard

> If T or T* (natural limit) + Commt s vns

IS deflned measured values

« Calculate capability indices

» Assess capability indices

na

Watural |physical)

limit pragem?

(Cg, Cgk = 1.33)

Evaluatian (manually]:
by means of software Cabeulabe

> If T is not defined (n stosptone caces ity USLyer LSL,
. Calculate
critical limits USLy/LSL, e @ S
- Define acceptance criterion
for measured values Capatimy ckarion mot Capabinty caeion nat met essured valoas doined

{no capabiity criterion)

| ) J

End
Pt adiifg 1
Fg 4
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Procedure 1 — Data collection

> Typically 50 (min. 25) measurements

of a measurement standard

under repeatability conditions

> Defined measurement point on the standard

> Replace standard after each measurement (reinsert, reclamp, recontact)

Absolute frequency —»

pre
[pe]

-
o

<o

(=)

F =N

N

o

Xin (True value of standard) USL

Measured values

5,99 6,00 6,01 6,02 6,03
Qutside Diameter [mm] —
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Procedure 1 — Components of uncertainty

Xm—0,1-T o X+ 0,1T
¥g-35 X Hgt3s
20 | g—I5g Ig gtiSg |
Bias B|:Xg—Xm 18 ! |
1 | |
16 - -
4 | |
;14— [ [
6S 12 | !
Spread 9 g 1 |
2 10+ :
E 4 | [
S 8 |
= 4 .
Zx. G l l
Remember: | 1 |
g n d__ 0 1
2 4 | |
(G ) NS |
v Mean g- n—1 1 -
U_ 1 1 I T :
e 599 5998 6000 6,002 6004 G006 G008
v Standard deviation Qutside Diameter [mm] —
N
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Procedure 1 — Calculating the indices

— Xm=0,1T *m Xt 01T
Bias Bi =X, - X, 20— Xosg G Syt |
15 | ! i ! !
£ 1 | 02-T | | |
y . . 1 <« ' >
Capability indices: 1 | |
T 145 | |
c, =22t - B |
g g 127 . :
6'5 a0 | |
g =
L |
01-T-Bi =,]= |
k — 2 .
J 3- Sg 6 - 1 |
1 |
4- .
| |
Remember: XX =7 |
X =—1 _ !
g n U_ T T T T :
v Mean — 2 599 5998 6000 6,002 6004 G006 G008
S — z(X_Xi) Outside Diameter [mm] —
g n-1

v Standard deviation
A
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Measurement standard

> Measurement standard
Realization of the definition of a given quantity, with stated quantity value and
associated measurement uncertainty, used as a reference [VIM, 5.1]
Note 1: A “realization of the definition of a given quantity” can be provided by a measuring system, a
material measure, or a reference material.

German national standards at the
Physikalisch-Technische Bundesanstalt

A
www.ptb.de %
%6, Reference standards of the laboratories of

®

. the German calibration service (DKD),
D KD o the calibration offices and the
www.dkd.info material testing institutes (MPA)

Company reference standards

Company
Company measuring equipment
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http://www.dkd.ptb.de/

Requirements for the standard

> Must enable an unambiguous result under repeatability conditions and be
stable long-term

> Must have the same characteristic as the objects that the measuring
equipment is later expected to measure

> Must be clearly marked as a standard, suitably calibrated, and included in
the control of inspection, measurement and test equipment.

> The documented uncertainty U_, of the standard should be significantly
smaller than the specified tolerance T for the tested product characteristic
. Ideal case Uy < 0.01%T
«  Minimum requirement Uy < 0.1%T

> If a corresponding object is not available, procedure 1 cannot be
performed, and a suitable alternative method has to be found

\
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Procedure 1 — Assessment with standard

Drawing Values Collected Values Statistics
xm+0.1xT = 8.00200 Xmarg = 8.002 Xgtisg = 6.00388
Xm = 6. 00200 Bi = 0.0011000 Hg = 6.00050
%m-0.1=T = 2.99600 Xmin g = 5.9949 Kg-33g = o.99792
0.2xT = 0.01200 R = 0.003 G5g = 0.00557
T = 0.080 Mg = 50 =g = 0.00059428
Unit = T
Test for Bias Test results ; ignificant (= 0,1% )
Minimum reference figure for capable meazuring system
0.2=T
Cg= =181 2201 <241 Tmin (g ) = 0.0397M1
Gxzg 0 1.33
0.1=T - i-; -Xm
Cou = = 1.30=1.64=152 T (Cgx ) = 0 050695
Jugg 0 1.33
Rezolution Y%RES = 1.67% : o Tmin (RES) = 0.020000
Measurement system capable (RES Cg Cox) @
BOSCH 2005 - MSA 3 (ANOWA) - Mormal, Werfahren 1

WWW. ttg.ro
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Procedure 1 — One-sided characteristics

USL and LSL no “Acceptance criterion for

spacified? ”
measured values
Natural (physical) Takes into account Bias Bi
limit present?

and gauge variation s

Evaluation {manually):
Calculate

USLgorLSLy
LSL USL

Y

Acceptance criterion for
measured values defined
(no capability criterion)

Reduced “tolerances”,
similar to approach in ISO 14253

= wWww. ttg.ro



Procedure 1 — One-sided characteristics

> Imagine it this way: “The critical limit is offset by the bias plus 4 standard
deviations from the specification limit”

Standard for procedure 1 should be within £10% of the specification limit
Bias Bi must enter the calculation with correct sign (!)

4 s, for Cg/Cgk 2 1.33; 5 s, for Cg/Cgk 2 1.67; 6 s, for Cg/Cgk 2 2.0

v vV

LSL USL
LSL, =LSL +Bi+4s, USL,

: USL, = USL +Bi-4s,
where
: Bi=X, - X,

Reduced “tolerances”,
similar to approach in ISO 14253
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Alternative method according to AIAG MSA

> AIAG MSA does not contain the procedure 1. Instead, it recommends
testing systematic measurement errors Bi = X - x,,, for significance (test for
significant bias)

> Approach of the test for significant bias:

The bias in a procedure 1 is caculated from the

25 (50) measured values

Any further measurement would slightly change

the bias

In other words, the present bias value is a random
variable subject to random variation (confidence interval)
So a bias might show even for an ideal gauge

If the bias is close to zero, so that zero is within the
confidence interval, then the bias is negligible

If the bias is too large, i.e. significantly different from
zero, action must be taken

\
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Alternative method according to AIAG MSA

> Advantages of the test for significant bias

. Statistical significance test (1-sample t-test)

« Checks one specific component of uncertainty
> Limits/weaknesses of the test for significant bias

- A (minimal) bias is generally unavoidable

A significant bias only says that there is a demonstrable bias, but does not
assess it relative to a requirement (e.g. tolerance)
- Experience has shown that it leads to problems in practice:
High-quality standards/measurement systems: the smaller the system
variation, the more significant the bias (“... the more the systematic
error stands out against the small amount of noise”).
— Criterion not satisfied, even though measurement error is very small
Low-quality standards/measurement systems: the converse case — the
bias does not show up as significant
— Criterion satisfied, even though error is unacceptably large
The more measurements are taken, the more significant the bias
(“... the more the random variation averages out”)

\
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Alternative method according to AIAG MSA

R B

measured

Confidence interval for bias

(“... here somewhere is the true
bias...")

Result Bi, . = 0 is within the confidence
interval, so the “true” bias might be 0

Bi

B

measured

Result Bi;,, = 0 is not within the
confidence interval, so the
“true” bias is very likely greater
than O




Flow chart

P EEE I S S S S S S S S e e e e e .

Procedure 1

Note: (Ca. Card

In case of an undefined
capability criterion
(ie. in case of a one-
sided characteristic
without a natural limit)
the requirements of
procedure 1 are fulfilled
by defining the
acceptance criterion for
measured valuss

Procedure 1:
capability criteria
2

yes

Note:
Capability criterion
not yet met

no Linearity test

required?

Linearity criteria Root cause yes
met? analysis
no
Maote:
Capability criterion
not yet met
yes Appraiser
possible?
— s s s o e
yes

capability criteria
met?

Note:
Capabilty criterion
not yet met

Endof
measurement process
capability stud

measurement process
capability study

Mote:
In case of an undefined
capability criterion
{i.e. in case of a one-

Procedure 1:
capability criteria
met?

sided characteristic
without a natural limit)
the requirements of

procedure 1 are fulfilled
by defining the
acceptance criterion for

measured values

no Linearity test

required?

Procedure 4
{Linearity)

Linearity criteria
met?

Root cause Measures taken?
analysis
no
Mote:
Capability criterion
not yet met
Chapler 44 »
Root cause Measures taken?
analysis

no

Appraiser
influence
possible?

Mote:
Capability criterion
not yet met

Procedure 2 Procedure 3
(% GRR) (%GRR)
T Chapter 4.2 | Chapter 43
vvvvw.ttq.ro

yes

yes




Procedure 4 — Linearity

systematic systematic systematic
measurement erromeasurement error measurement error
| I |

<> r < >
|

Xm1 Xmi | Xmn
Reference 1 Reference i Reference n
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Procedure 4 — Linearity

This is “linear”!

What is
not “linear”?

Measurement result

True value of the measured standard
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Procedure 4 — Linearity

This is “linear”!

This is
not “linear”!

The average deviation
from the reference
value and the
variation of measured
values must be
sufficiently small
everywhere within the
range of measurement

Measurement result
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Procedure 4 — Linearity

> Obijective
To demonstrate that there is a sufficiently linear relationship between the
values of a physical quantity to be measured and the corresponding values
determined by the measuring system (systematic measurement errors are
within acceptable limits across the relevant range of measurement)

> Requirements
Often checked by the manufacturer and then as part of regular calibration of
the measuring system.
Must be demonstrated in individual cases, e.qg.
» Adjustable gain
« Logarithmic scale
« Error limit related to full scale

\
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Procedure 4 — Linearity

> Conducting the study
Unlike the other study types, a wide variety of suggested methods can be
found in the literature. These are mainly:

« Methods using explicit analysis of a mathematical linearity function
(regression analysis)
« Very complex and thus prone to errors
- Not very intuitive and therefore difficult to evaluate in practice

- Methods based on a “band of variation” within which the results should lie
« No linearity study in the strict sense
- Easy standardized implementation

\
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Procedure 4 — Linearity

Conducting the study :
Use several standards (min. 5),

>

v oV

which are distributed in a suitable manner across the relevant measuring
range (e.g. equidistantly in case of a linearly scaled range).

Perform procedure 1 for each of these standards

Calculate the corresponding indices Cg and Cgk.

If only 2 standards are available, it is best for these to correspond to the
limits of the tolerance range

A
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Procedure 4 — Linearit

Measurement result

LSL

USL

¢
?

Conventional true
value of standard
| | |

Select at least 5 standards
across the relevant
measurement range

Perform procedure 1 for
each of them

Calculate Cg and Cgk as in
procedure 1

Evaluate Cg and Cgk as in
procedure 1
(Cg/Cgk 2 1.33)
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Procedure 4 — Linearity using regression line

4
E : In the ideal case, the line
O : of best fit has:
= : -
) : :
% : H Intercept a=0
= Slope b=1
7))
@
(b
=
/
Note: This method corresponds to the
method

in AIAG MSA and may be a customer
requirement

>

230
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Procedure 4 — Linearity using regression line

Measured values

RY [mm] {(measured value)

10

g3 UsL
d ] g
7
6 Xg Xg
5
4 ﬂf 410 ]
33 S\ / '
2_2 405 / :
_||||||| ™ T Optlmal R AQ;GSSion
2 3 4 \5 [T peRayiour < line with
r /’ .
RV ] | (b\ie) ~ confidence
o 4 interval
' s (green, CI
/ dotted)
3,90 gt ’l" T !
3,90 3,95 4,00 4,05 4,10
WWW.1tq.ro

Measurement errors

Bias (*alue - Reference) —

fy = -0.05272 + 0.008502x r=0482 R=2320%

0,3 +5%RF

02

=
£

0,1
-u,zz
—I],3: -L%RF
Z 3 4 5 G T ] 9 10
RV [mm] (Referenz)
In the ideal case:
Intercept a=0
Slope b=0



Procedure 4 — Assessment per AIAG MSA

Measurement errors

fy = -0.05272 + 0.008502x r=0482 RE=2320%

The t-tests show:

0,3 +5%RF o _
- The deviations from the ideal case are
122 - significant (**)
%tm: % for the slope b
= 48 ,%Jré - highly significant (***)
8 00 i e for the intercept a
E 0,1
=
g
-0,2 Test of =lope
0,3 Test of intercept
2 3 4 5 6 T ] 9
RV [mm] (Reference) - e
BOSCH 2005 - MS3A 3 (ARM} - Normal: Linearitdt
In the ideal case: _ _
Intercept a=0 So the measurement system is unsuitable!
Slope b=0 Does not correspond to practice!
A
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procedure 1 are fulfilled
by defining the

acceptance criterion for no
measured values Mote:
Capability criterion
no not yet met

Linearity test
required?

Procedure 1

Note: (Cs. Cad

In case of an undefined
capability criterion
(ie. in case of a one-
sided characteristic

Procedure 1: yes

without a natural fimit) capability criteria ken?
the requirements of 2
oo | Al Ty CE I
by defining the es
acceptance criterion for V! no
measured values Note: yes
Capability criterion Linearity criteria Root cause -
not yet met met? analysis Measures taken?
Linearity test '
required?

no

Mote:
Capability criterion
not yet met

Linearity criteria Root cause yes Appraiser
met? analysis influence
possible?
no
Note: Procedure 2 Procedure 3
Capability oriterion (%GRR] [*:GRR)
. not yet met Chapter 4.2 Chapler 4.3
}_\Epralser no I\ J
possiblke?
Procedure 2/3: no
capability criteria Root caqse Measures taken?
analysis
met?
yes

pability criteria
met?

analysis

no

no
. Mote:
te: - . -
End of Capabilty criterion End of Capabilty criterion
measurement process not yet met measurement process not yet met

capapility stud
Fig. 3
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Procedure 2 — Repeatability and reproducibility with appraiser influence

Objective

> To demonstrate the capability of a measurement process (as a test process
for a defined characteristic) in terms of its variability, using measurements of
standard production parts.

Requirements

> Appraiser influence cannot be excluded
> Production parts are available

> Parts should be within tolerance

> Measurements are repeatable

5 WWW.ttg.ro ‘@;



Procedure 2 — Repeatability and reproducibility with appraiser influence

Conducting the study
> Performed under operating conditions which correspond to the later
operational conditions of the measuring equipment.
> Measure —
« At least 10 series production parts that are randomly selected and
repeatably measurable
In random sequence
Using at least 3 appraisers
Using at least 2 measurement runs
Under repeatability conditions and at defined measurement points.
> A new measurement series may only be begun once the previous run has
been completed.

\
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Procedure 2 — Repeatability and reproducibility with appraiser influence

> Analysis
There are two analysis methods (models)

« ANOVA (ANalysis Of VAriance)
« Recommended method
- ldentifies 3 components of variation (see following slides)
» Requires computer assistance in practice
-« ARM (Average Range Method)
- Was the previous standard
» “Out of date and no longer recommended”
- ldentifies only 2 components of variation
- Can be performed manually, but uses various approximations,
estimates and correction factors (historical reasons)

\
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Procedure 2 — Process

Fig. 4
- Start

Procedure 2

v
> D ocumen tat I on Com pl:l)(;;gll;fn;iﬁ ?r:at:: rr‘]:ead er

data of the report form

: v
> Measurement series 1 eD2ta zcquisition
. 3 appraisers measure
3 appraisers measure 10 parts 10 meastiring objecs

in random order Data ac!uisition

measurement series 2:
3 appraisers measure again
10 measuring objects
in random order

> Measurement series 2 _ Iv
. valuation
3 appraisers measure the 10 parts by means of software
(in exceptional cases manually

by means of a form sheet)

again in random order

%GRR < 10%?

> Analysis

> Capabi | Ity assessment Capability criterion met Capability criterion not met
( )

End
Procedure 2
Fig. 4
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Procedure 2 — Repeatability and reproducibility with appraiser influence

> The measurement results will generally ...

. ... vary about a mean
for each part = A
(repeatability) 603 usL
- ... have different r 6,027
means for each E
appraiser Em_- t=-4-
(reproducibility) s
. ... have different 373
means per part and 22
per appraiser 5 97] st
(interaction)
[shown for two parts in the graph] Piece No. / Operator —

A
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Procedure 2 — ANOVA calculation of statistics

Appraiser A Appraiser B Appraiser C
Part 1 2 1 2 1 2
1 (6,029 6,030 6,033 6,032 6,031 6,030
2 (6,019 6,020 6,020 6,019 6,020 6,020
3 |6,004 6,003 6,007 6,007 6,010 6,006
4 15,982 5,982 5,985 5,986 5,984 5,984
5 (6,009 6,009 6,014 6,014 6,015 6,014
6 |5,971 5972 5973 5,972 5,975 5,974
7 |[5,995 5,997 5,997 5,996 5,995 5,994
8 (6,014 6,018 6,019 6,015 6,016 6,015
9 15,985 5,987 5,987 5,986 5,987 5,986
10 [6,024 6,028 6,029 6,025 6,026 6,025

> Total variation is composed of
- Part-to-part variation
- Variation between appraisers
- Interaction between appraiser and part

« Measuring equipment variation (“the rest”)

wWww. ttg.ro
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Procedure 2 — ANOVA calculation of statistics

Appraiser A Appraiser B Appraiser C ' X of part,
Part | 1 2 1 2 1 2 Seegelo
1 |6,029 6,030 6,033 6,032 6,031 6,030 6,0308
2 16,019 6,020 6,020 6,019 6,020 6,020 [ 60197
3 6,004 6,003 6,007 6,007 6,010 6,006 [ 60062
4 15,982 5,982 5,985 5,986 5,984 5,984 [ 59838
5 |6,009 6,009 6,014 06,014 6,015 6,014 [ 60125
6 |5,971 5,972 5973 5,972 5,975 5,974 [ 59728
7 15,995 5,997 5,997 5,996 5,995 5,994 [ 59057
8 (6,014 6,018 6,019 6,015 6,016 6,015 [ 60162
9 (5,985 5,987 5,987 5,986 5,987 5,986 [ 59863
10 16,024 6,028 6,029 6,025 6,026 6,025 [ 60262

> Total variation is composed of
» Part-to-part variation
- Variation between appraisers
- Interaction between appraiser and part
» Measuring equipment variation (“the rest”)

wWww. ttg.ro

Variance of means x
of all parts

s?,,= 0,000381231

=>PV Part Variation

\
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Procedure 2 — ANOVA calculation of statistics

Appraiser A Appraiser B Appraiser C ' x of part
Part | 1 2 1 2 1 2 e
1 (6,029 6,030 6,033 6,032 6,031 6,030 6,0308
2 16,019 6,020 6,020 6,019 6,020 6,020 [ 60197
3 |6,004 6,003 6,007 6,007 6,010 6,006 " 6,0062
4 15,982 5,982 5,985 5,986 5,984 5,984 [ 59838
5 6,009 6,009 6,014 6,014 6,015 6,014 [ 6,0125
6 |5971 5972 5973 5,972 5,975 5,974 [ 59728
7 15,995 5,997 5,997 5,996 5,995 5,994 [ 59957
8 (6,014 6,018 6,019 6,015 6,016 6,015 [ 6,0162
9 15,985 5,987 5,987 5,986 5,987 5,986 [ 59863
10 [6,024 6,028 6,029 6,025 6,026 6,025 [ 6,0262

6,0039

6,0058
X of each appraiser

Variance of appraisers  s2,,= 9,86E-07

Part-to-part variation
Variation between appraisers

Interaction between appraiser and part

6,0054

Measuring equipment variation (“the rest”)

wWww. ttg.ro

=>PV Part Variation

= AV Appraiser Variation
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Procedure 2 — ANOVA calculation of statistics

>

X of part Variance of means X

Appraiser A i(ofpartat- Appraiser B xofpartat Appraiser C Xofpart at |
Part 1 2 appraiser A 1 2 appraiser B 1 2 appraiser C |[L§B|?r§i§§rs
1 16,029 6,030r 6,0295 (6,033 6,032 60325 (6,031 6,030 16,0305 6,0309
2 6,019 6,020' 6,0195 [6,020 6,019 6,0195 (6,020 6,020 6,0200 6,0196
3 6,004 6,003' 6,0035 |6,007 6,007 6,0070 (6,010 6,006 6,0080 6,0059
4 15,982 5,982' 59820 |5,985 5,986 59855 |5,984 5,984 59840 5,9838
5 (6,009 6,009' 6,0000 |6,014 6,014 6,0140 |6,015 6,014 6,0145 6,0123
6 5971 5,972' 59715 |5,973 5,972 59725 |5,975 5,974 59745 5,9726
7 (5,995 5,997' 59960 |5,997 5,996 59965 |5,995 5,994 59945 5,9958
8 |6,014 6,018' 6,0160 (6,019 6,015 6,0170 |6,016 6,015 6,0155 6,0163
9 |5,985 5,987r 59860 (5,987 5,986 59865 |[5,987 5986 59865 5,9863
10 (6,024 6,028' 6,0260 6,029 6,025 6,0270 (6,026 6,025 6,0255 6,0263
6,0039 6,0058 6,0054
X of each appraiser
1 ULl valiauuavilil 1o UUIII'JUQCU \UJ |

- Part-to-part variation

- Variation between appraisers
« Interaction between appraiser and part

» Measuring equipment variation (“the rest”)

wWww. ttg.ro

of each part

s2u= 2,33333E-06
s2,= 8,33333E-08
S2x= 5,58333E-06
S2a= 3,08333E-06
S2pe= 9,25E-06
S2a=  2,33333E-06
s2,= 1,08333E-06
S2x= 5,83333E-07
S2,= 8,33333E-08

S2a0° 5,83333E-07
Minus PV and AV
= s%,

=>PV Part Variation

= 1A

= AV Appraiser Variation

Interaction

\



Procedure 2 — ANOVA calculation of statistics

Appraiser Al xofpartat Appraiser B | xofpartat Appraiser C xofpartat X of part
Part 1 2 appraiser A 1 2 appraiser B 1 2 appraiser C ll appraisers
1 16,029 6,030' 6,0295 (6,033 6,032 60325 [6,031 6,030 16,0305 6,0309
2 (6,019 6,020' 6,0195 |6,020 6,019 6,0195 |6,020 6,020 6,0200 6,0196
3 16,004 6,003' 6,0035 (6,007 6,007 6,0070 |6,010 6,006 16,0080 6,0059
4 5,982 5,982' 59820 [5,985 5,986 59855 (5,984 5984 59840 5,9838
5 (6,009 6,009' 6,0000 |6,014 6,014 6,0140 |6,015 6,014 6,0145 6,0123
6 (5,971 5,972' 59715 |5,973 5,972 59725 |5,975 5,974 59745 5,9726
7 15,995 5,997' 59960 |5,997 5,996 59965 |5,995 5,994 59945 5,9958
8 16,014 6,018' 6,0160 (6,019 6,015 60170 [6,016 6,015 6,155 6,0163
9 5,985 5,987' 59860 [5,987 5,986 59865 (5,987 5,986 5,9865 5,9863
10 (6,024 6,028' 6,0260 [6,029 6,025 6,0270 |6,026 6,025 6,0255 6,0263

6,0039 6,0058 6,0054

Variance of all mea

surements

X of each appraiser
s2gy= 0,000352

Part-to-part variation

Variation between appraisers

Minus variation from PV, AV and IA

Interaction between appraiser and part
Measuring equipment variation (“the rest”)

wWww. ttg.ro

=PV Part Variation
= AV Appraiser Variation

= 1A

Interaction

=EV Eauipment Variation

\

ey



Procedure 2 — ANOVA calculation of statistics

Appraiser Al xofpartat Appraiser B | xofpartat Appraiser C xofpartat X of part
Part 1 2 appraiser A 1 2 appraiser B 1 2 appraiser C ll appraisers
1 16,029 6,030' 6,0295 (6,033 6,032 60325 (6,031 6,030 16,0305 6,0309
2 (6,019 6,020' 6,0195 |6,020 6,019 6,0195 |6,020 6,020 6,0200 6,0196
3 |6,004 6,003' 6,0035 (6,007 6,007 6,0070 |6,010 6,006 6,0080 6,0059
4 5,982 5,982' 59820 (5,985 5,986 59855 (5,984 5984 59840 5,9838
5 (6,009 6,009' 6,0000 |6,014 6,014 6,0140 |6,015 6,014 6,0145 6,0123
6 5,971 5,972' 59715 |5,973 5,972 59725 (5,975 5974 59745 5,9726
7 (5,995 5,997' 59960 |5,997 5,996 59965 |5,995 5,994 59945 5,9958
8 |6,014 6,018' 6,0160 (6,019 6,015 6,0170 |6,016 6,015 6,0155 6,0163
9 (5,985 5,987' 59860 |5,987 5,986 59865 |5,987 5,986 59865 5,9863
10 (6,024 6,028' 6,0260 |6,029 6,025 6,0270 6,026 6,025 6,0255 6,0263

6,0039 6,0058 6,0054

« AV

o A

« EV

. @ GRR

X of each appraiser

> GRR, the variation of the measurement system, is composed of

Appraiser Variation
Interaction
Equipment Variation

Gage Repeatability & R

wWww. ttg.ro

GRR=vEV2 + AV? +1A’
roducibiiity
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Procedure 2 — ANOVA calculation of statistics

Variance Standard dev.
Repeatability 0.0000023556 0.0015343 0.0012799 = 0.0015348 = 0.0018174 %EV = 15.35%
Reproducibility 0.00000086808 0.00083169 0.00035820 < 0.00093169 < 0.0052250 AV = 832% ||
Interaction — %ela = —
Repeatability & Reproducib 0.0000032236 0.0017954 1% 0.0015827 = 0.0017954 < 0.0064169 %GRR = 17.85% | |
Tolerance = 0.060 Caonfidence interval = 1o 95.000%
Resolution = %RES 1.67% 5!
Repeatability & Reproducibility = %%GRR 17.95% I I !
0 10 30
Part Variation = PV 195.15% I I ! I
0 50 100 150
number of distinct categories = ndc 15 i 5!
Meazurement system marginally capakble (RES, %GRR) @
BOSCH 2005 - MSA 3 (ANOVA) - Normal: Verfahren 2
| Tmin fecrm) 0.10773 T min (c77 ) 0.035909

Appraiser Variation

Interaction

Equipment Variation
Gage Repeatability & R

wWww. ttg.ro

GRR=vEV2 + AV? +1A’
roducibiiity
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Procedure 2 — Compare GRR to tolerance

> GRR corresponds to one standard deviation s

> Spread is typically expressed as six standard deviations (cf. procedure 1):
Spread =6 s = 6 x GRR

> The tolerance is used as a reference value

X-3s X+3s
LSL X UsL
. 14 N
=12 4= GRR = s¢pr
2101 6-GRR
Z. 8- %GRR = ———— -100%
2 6l T 6 x GRR
5 | | >
e 4-
] Tolerance, T
2_

04 WWW.ttq.ro =R );



Procedure 2 — Requirements for %GRR

> Requirements:

o %GRR =10% capable

o« 10% < %GRR = 30% conditionally capable

« %GRR > 30% not capable

- L GRR=100%
Repeatability & Reproducibility = %GHR = Gx = 15.43%
10 30
\
www.ttq.ro _l
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Procedure 2 — Report

Measurement System Analysis
) Sheet 1/1
(=) BOSCH Type-2 Study e

Dwislan MSE3 0perating sequenc: Mating carpusinesdie char.Deser. -COrpus dlamatar
‘GroupiDepartment | MOET Mach.Descr. [PAKO @ ‘Char.No.
‘Workshopisacior w450 Mach.No. 11004537 Nominal Value
Produst  Injecty Testlocatin  :JMLOSE3WED4 Lower Allowance
Mq:,mle Gage Descr. < JMLOSEIWIO0T Upper Allowancs
N T number 10433171914 Gage No. 2779430001 Taleranca
O C u I I I e n t at I O n Amendment status 20050513 Gage Manu. :BaF unit
Resolutian ;0401
Comment
Comment
Master Desor. © Mastar No. : Stangardireferance
e
Lomia? im ;
E aom i +5%RF
= ooz Pl JINT =
£ oot 1 = LA\
£ gy ] LY W T]
- . T TERES .
w 0.001 512 -
Run chart of deviations gomer] i i
& h.ooe I f T T S%RF
T T T T
o D E m D@D @@ @ @ 4 L LY L) L L LY L 6L
- R I =B B e -
Plece No. | Operator —
0432 171 914 Fart descr. Hale type nozzie
1 Ghar.Descr. Garpus diameter
n Tl sal T =al o ¥ez L] S5l
1 6,0295 0,0007 65,0325 0,0007 5031 5,020 60305 0,0007
2 3.3t soiss 00007 502 50200 00000
3 6,0035 5,0070 0,0000 5,006 6.0080 0,o028
4 5,9820 5,988 0,0007 5384 £3840 10,0000
Measurement results : =
5 58715 5, 0,0007 5374 59745 0,0007
T 5,990 5,9965 0,0007 5,935 5334 59945 0,0007
] EOMED 00028 570 000z 501S 5018 60155 00007
b 5985 S987 5,9850 00014 5,9865 0,0007 5,987 5,986 59865 0,0007
10 e0z4 6028 6,0260 0,0028 65,0270 0,0028 6,026 6,025 60255 0,0007
vanance Standard dev.
Repeatanllity 00000023555 00015345 0.0012755 < 00015348 = 0.00191 =15.35% [T
Reproducitility 0.0Q0000ZE308 0.00093189 0.00035530 = 0.00093169 = 0.00E: = 03% I
Interaction e BlA = —
Rapeatablity & Red 0.0000032235 DL.0D17554 '8 0.0015837 < 0.0017954 = 0.0054 11| %GRR =17.95% 1 |
Tolerancs - T - C.0EQ | Confidencs Interval - 1o = 95.000%
- pp— - = T T
. . L ] %RES 167% T
Statistics and assessment T I R e
Pan Varation - %3V - 195.15% i e
numBer of distingt categorks - ndc - 15 ¥ + ]
Measurement system marginally capatie (RES, %GRR) @
BOSCH 2005 - M3A 3 (ANCVA) - Nommal: Verfahren 2
[T ceges 0077 | T S
Taal Plan Devsbspment 3 s 07 Taal Flan BaRMFTT T2 TestBegin gaziin  Opel w 10 Publis
Cuin Jremtt name
Department Name Date Signatme
17122010 B850/ 91216 MNW_GC_VZI_B.del Robert Bosch GmbH

CABCRATCHS0AR-ReporisiH10E-pR14-Reportas-8TAT-VZOFR
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Procedure 2 — Report

> Run chart of deviations

éo,nuzf S IS / / / \ ™~

= 0001 /\v/ 2&\\ %>\ /i . \ / / \ //\\

%Ej 0000 / / R X \\\/ / 1"7‘(\ij \k ,/ \1__

< 0001 E 2//\& AN / / \,/ \2—_2|‘// \/,/ \\|2—_
vt L N NN -~
0,003 / \ // 5%RF

L G L G L G AL L L
i T T = B~ T S - -

10 A
2B

m M M M O MO m o o oo o o o 0o o o O
M = W w - D @ — ™ ™M

mmmmmm

10 B

D

o
Piece No. / Appraiser —
e poTviauuvll Ul 1nniivivual 111caSUuUlIcCTIlIICIIL TTJUILLT uiIc ricall vl all 1j1icasuicilicl il

for the relevant part
- Graphical representation of the variation statistics EV, AV und IA

6 wWww. ttg.ro



Procedure 2 — Report

0004 3T — — S S S S N IS IS S (— — — A S St I Wt ISy S AU SN AU RS A
2 0.008 ‘ 0,008 -
0,008 i : . »
0,003+ — 5 - 4 ] %eRF
\ -
0,006 A0%RE 0,008 W ' “10%RF 0.008 5 ~10%RF
0,002 94— 4 . - |
* 0,004 = 0,004 2 + 0,004
E 1 2 E 1 T p
0,00194— £ 1 = _ — E i 1
' = 0,002 { £ 0,002 JZ_ £ 0,002 2}
% 1z 2] il g i - 5 T '.l1.
0,00090— % gone 1 1 — B 0,000 . = 2 p.000] 1
H] [ v ] 5 ¥
] i : = AV dagminates; " 1: ;
= 2 5 ® 0002 7 0,002 {[1
1 —-o002 - 0, - 70002
0,001 ? 0,002 3 ] § ]
L T ¥
0,002 00047 0004 0,004
a1 ! \ H _ _ |
= EV dominatges 1 i
-0,006 10%RF -0,008 o W\ 10%RF -0,006 1 10%RF
0,003 3— ] — k ‘ 2| - b . cee | 1 W%RF
0,008 -0.008 0008-{ | Lanifi 1
EEEEEIEEEEIEEEEEEEEEEEEEREEEE TTrrrrrrrrrrr T T T rreT IHENEEEEEEE RN A NN
_ £ € € < m o@D m o oo L - < 4 <« < m oo om0 o O - €< 4 € € m @O m oo O O
- w M O m o m o @ o — = P ?_ m o d® ~Non o — o P ‘D_ M W ® oW o
Piece No. / Operator— - Piece No. / Operator — Piece No. / Operator —
A -—

Piece No. / Appraiser —

« Deviation of individual measurement from the mean of all measurements

for the relevant part

- Graphical representation of the variation statistics EV, AV und IA
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Procedure 2 — Report

> Statistics

Variance Standard dev.
Repeatability 0.0000023556 0.0015348 0.00127959 < 0.0015348 = 00019174 %EV = 1535%
Reproducibility 0.00000085806 0.00093169 0.00035920 < 0.00093169 < 0.0062250 AN = 9.32%
Interaction — Tla = —
Repeatability & Reproducib 0.0000032236 0.0017954 15 0.0015827 < 0.0017954 < 0.0064169 %GRR = 17.95%
Tolerance = T = 0.060 Confidence interval = 1-t = 55.000%
Resolution = %RES = 1.67% : | |
0 5

Repeatability & Reproducibility = %GRR = 17.95% | | | |
0 10 30

Part Wariation = SePW = 185.15% | | | |

50 100 150
number of distinct categories = ndc = 15 I.'!I l |
Meazurement syetem marginally capable (RES,%GRR) @
Bosch Heft 10 (2003¥MSA 3 (ANOWA) - Normal: Verfahren 2
Tmin (ERR ) 0.10773 T'min (%687 ) 0.035509
A
1tq. =2
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Procedure 2 — Number of Distinct Categories ndc

> Requirement: ndc 25
1 value category 3 value categories 5 value categories

/\ Minimum requirement for SPC
PV

nde=1415RR PV (Part Variation)
N\ \
_ GRR —
—= J
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Flow chart

by defining the
acceptance criterion for
measured values

yes

T no
Mote:

Capability criterion
not yet met

no Limearity test

required?

Procedure 1

Note: (Ca. Card

In case of an undefined
capability criterion
(ie. in case of a one-
sided characteristic
without a natural limit)
the requirements of

OO | Ul T iy

by defining the

Procedure 1:
capability criteria
2

- S s o ey
[v]

s ™ yes n
acceptance criterion for ] . _— yes
stured valies Nate: Linearity criteria Root caqse Measures taken?
Capability criterion met? analysis
not yet met

Linearity test
required?

no

Mote:
Capability criterion
not yet met

Appraiser
Linearity criteria Root cause yes influence
met? analysis possible?
no Procedure 2 Procedure 3
Note: {%GRR} (*2GRR)
Capability critzrion
P:m;:tmﬁ Chapter 4.2 Chapter 43 »
}_\ppraiser no
possible?
] Ik
rocv_adure 23 no Root cause yes
capability criteria ; Measures taken?
met? analysis
yes

pability criteria

analysis

met?
Mote:
hote: End of Capabilty criterion
Capabilty criterion
masur.Er:rﬁf process not yet met measurement process not yet met

capability study
Fig. 3
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Procedure 3 — Repeatability and reproducibility

without appraiser influence

> Obijective

To demonstrate the capability of a measurement process (as a test process
for a defined characteristic) in terms of its variability, using measurements of
production parts, without appraiser influence.

> Requirements
Before conducting procedure 3, a careful check has to be performed to verify
that appraiser influence on measured values can be excluded.
This being a special case of procedure 2, the same requirements apply.

A
7 WWW.ttg.ro g I: @/)i_Ji"'



Procedure 3 — Repeatability and reproducibility

without appraiser influence

> Conducting the study

Performed under operating conditions which correspond to the later
operational conditions of the measuring equipment.
Measure —

« At least 25 series production parts that are randomly selected and

repeatably measurable

- In random sequence

« Using at least 2 measurement series

« Under repeatability conditions and at defined measurement points.

> Analysis
« Per procedure 2 using ANOVA
- ARM analysis “out of date and no longer recommended”

\
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Procedure 3 — Process

Fig. 4
- Start

Procedure 3

) Y
> Documentation Documentation:

Completely fill in the header
data of the report form

> Measurement series 1 Data ac‘.;.'uismm

measurement series 1:
measure

Measure 25 parts in random order 25 measuring objects

in random order

Data acquisition
measurement series 2:

> Measurement series 2 s MESUR G
. . in random order
> Measure the 25 parts again in random v
Evaluation
0 rd er _ by means of software
(in exceptional cases manually
by means of a form sheet)

> Analysis

%GRR < 10%7?

> Capability assessment

Capability criterion met Capability criterion not met

L )
¥
End
( Procedure 3
MB
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Procedure 3 — ANOVA calculation of statistics

Appraiser A Appraiser B Appraiser C
n | oxar | Xaz Xgij Xg1 | Xs2 Xgj Xer | Xce Xgij Xgn
1 6029 | 6,030 6,0295 33 | 6,032 6,0 31 | 6,030 6,0 £,03083
2 6019 | 6,020 6,0195 6.0 | 6,019 195 6,0 | 6,020 200 6.01967
3 6,004 | 6,003 6,0035 6,007 6,007 6,0070 6,010 6,006 £,0080 6,00617
4 5982 | 5982 59820 5,985 93 5,9855 5,984 08 5,9840 598383
5 6,009 | 6,009 6,0090 6,014 " & 6,0140 6,015 64 6,0145 6,01250
6 5971 | 5972 59715 5973 97 59725 5,975 o7 59745 597283
7 5995 | 5997 59960 5,997 5,996 5,9965 5,995 5,094 5,9945 599567
8 6,014 | 6018 6,0160 8,019 | 6015 170 6,0 | 6,015 155 6,01617
9 5985 | 5987 59860 7 | 5986 5.9 7 | 5986 59 508633
10 | 6024 | 6,028 6,0260 029 | 6,025 6,027 6026 | 6,025 6,025 6,02617
4 Total variation is composed of
I ..
PR Part-to-part variation
25 « Variation between appraisers =PV Part Variation

- nteraction befween appraiser.and part 5 it ar et [
» Measuring equipment variation (“the rest”) ction
__________________________________________________________________________________________| M

=>EV Equipment Variation
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Procedure 3 — Report

Documentation

Run chart of individual values

Measurement results

Run chart of ranges

Statistics and assessment
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Procedure 3 — Calculate statistics

n XA XAz Hg Zg
1 6,029 6,030 6,0295 00007
2 6,019 5,020 6,0195 Measurement
3 6,004 6,003 6 5 0,0007 ' .

results Statistics
4 5,982 3 59820 0,0000
5 6,009 6,009 6, 0050 0,0000
6 5,971 Variance Standard dev. I
T 5,995 Repeatability 0.0000021500 0.0014557 0.0011526 = D.C’DM&BF = 0.0020283 %EV = 14.70%
a 6,014 | Repeatability & Reproducib 0.0000021500 0.0014657 11 IJ.IJU11E-2650.1’&1#&9?50.0020288 %GRR = 14.70%
9 | se8s |
10 6,024 Tolerance = T = 0.060 Cunﬁlj ence interval = -t = 55.000%
11 6,033 l
12| 6020 Resolution - %RES = 1_5/% E | |
13| 6007 0 5
14 5,985 Repeatability & Reproducibility = %GRA = 14.70% I_'Il 1II:| 3!0 |
15 6,014
16 5973 Part Variation = EANT = 177.01% | | | |

0 50 100 150
1 5,997
18 6,019 number of distinct categories = nde = 17 | | |
19 | 53987 g 2
20 6,029
71 8017 Measurement system marginally capable (RES %GRR) @
22 6,003
Bosch Heft 10 (2003)0N5A 3 (ANOVA) - Normal: Verfahren 3

23 6,009
24 | 5987 | T (577 ) 0.088181 R 0.029394
25 | 6008 6,003 | 60045 ‘ 0,0021 ‘

A
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Flow chart

i v

‘} Neote: It has to be checked imperatively if _\
suitable measurement equipment can be
acquired for the measurement task (if
necessary by using a modified test approach)
even if considerably higher effort is reguired

(time, cost).
Measurement
no
™ P
capable?
yes | w ot
Note: Empirical lImit according to the P
- 'Gt;uen mlegwessmmngmugr Arrange for periodical
(measurement equipment at least 10 fimes 5 P
measurement equioment °) ore accura Compaed 5 the foleance of ye check-up of measurement Optimize measursment A
e characteslic Lnger test) process capability process

5 g _ _ulations
') Nota: 11 nas to be cnacked Imperavaly It

S
——— Appendix A
Mssaursmant sultable measurement equipment can be. _‘)
umm‘" ocses acquirad for the measurement sk If
necessary by USINg 3 ModNed 6t aporoach)
‘even If considerably higher effort |5 required

] (tme, cost]

) Machine capability ore accurate .
Acquire more accurate A

easurem: no Process capability .
process N " s - measurement equipment
‘capabie? possible?

—_—
yes Appendix A

Booklet 9
- ¥

Review of characteristic,
tolerance, measurement  —
process

—_—
———————Appenax A »

First approval
or approval after
changes?

A daption of tolerance
possible?

Acquire more assurate
measurzment equipment

Review of characleristic,
Holerance, maasurement

Assessment:
Measurement process with
Cgk < 1,33 andfor
%GRR = 10%
Chapter 6

Conditional approval

‘Condonal
oproval
possmie?

Conditional
approval
possible?

First approval
or approval after
changes?

Measurement
uncertainty study
(Booklet 8, VDA 5, GUM),

N
Booklet 8 »

100% sorting
within conformity range
possible?

Machine capability
Process capability

Booklet §

No approval
comglance with required
specificaton not ensured

h

Stability monitoring

Production
within conformity range
possible?

N
Chapier 4.
Fig. 9
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Procedure 5 — Stability

Systematic
measurement
error at time t,

Distribution of
measured
values at time t;

Reference value
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Procedure 5 — Stability

> Obijective
To demonstrate consistent accuracy of results by monitoring long-term
performance of a measurement process and conducting a corresponding

assessment of the stability of the measuring system (similar to an X-s control
chart)

> Requirements
. Stable long-term performance cannot be safely assumed
- A reference part (measurement standard, or a stable, possibly modified
production part) is available (see also requirements for the measurement
standard used in procedure 1)

\
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Procedure 5 — Stability

> Conducting the study

« At least three measurements (n = 3) of the reference part (stability part)
are taken at regular intervals (inspection intervals, sampling intervals), as
defined for the specific process.

. Document the measurement results in the data table of the stability chart.

. Calculate mean and standard deviation for each sample.

- Plot the values in their time sequence on the X/s-chart.

- The X-chart can use the actual values or the deviations from the
reference value x,,, i.e. the differences between the measurement results
and the reference value (residuals).

\
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Procedure 5 — Stability

> Conducting
the study

Stability Monitoring
(Procedure 5)

Stable long-term Provide ~ zﬁﬁgw';?ige;'": Ly Prepare
behavior secured?, reference part interval stability chart N
Criteria_ >
yes o | Wait for end of
g ¥ sampling interval

Measure

reference part

Adjust
sampling interval
Update and

assess

stability chart

Further
monitoring
required?
Criteria

Sampling interval
adequate?

Stability chart
responds?

Cause analysis

Cause
determined,
documented, and
emovedZ

epetition
of measurement
process analysis

no
Measurement Measurement
process process possibly
not capable not capable

End
stability Monitoring
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Procedure 5 — Stability chart

X- 99,73%[n=3; {i1; 67 |

UCL

tarig %
g

LCL

UcL

Carpus diameter [mm)]

N T 4 S AV, < Ye— e W

0,0000 ¥ LCL
5- 99,73%[ n=3; &1 ]

> Calculations as for regular control charts
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Procedure 5 — Stability chart

Control limits for stability charts

Lower control limit (LCL) Upper control limit (UCL)
_ s s
X -chart (mean values): LCL =xpm —up \/— UCL=xpm +u, - —
n Jn
s-chart (standard deviations): LCL, =By -8 UCL, =By - S
Individual value chart: LCL=x,, -E%-s UCL=xp, +Eg s

For x,, the following values can be used:

o the reference value of the reference part (stability part) or

e the mean value of a previous/provisional test run (see [AIAG MSA], chapter 3, paragraph B).

For s the following values can be used:

s 2.5% of the characteristic tolerance T (=T/40) or

o the standard deviation of a previous/provisional test run (see [AIAG MSA], chapter 3, paragraph B).
o the standard deviation from procedure 1 (not recommended because of short-term examination).

The sample size is used for n, i.e. the number of measurements per sample.

Uy . Beyns B'egp @and Ee are used corresponding to the sample size n according to the following table for
confidence level 99.73%. For individual value charts, it must be decided how many measured values are
combined in one group of the size n (pseudo-sample). n = 3 is well-established.

n up B;Eun B;Eob E;E

3 3.000 0.037 2,571 3.320
4 3.000 0.100 2.283 3.399
5 3.000 0.163 2.110 3.460

WWW.ttg.ro ‘@;



Procedure 5 — Inspection interval

> No fixed rule, depends on the measurement process and its behavior over
time

> General principle: begin with short intervals, then lengthen

> Examples of typical criteria for using short intervals:

Unstable measurement process

Capability indices are close to the limit

Characteristic is critical to function or to correct process operation
New measurement / test methods

No empirical values available

High statistical confidence required

Timely corrective action must be assured in the event of errors

\
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Procedure 5 — Inspection intervals are ...

> ... appropriate, if
- All averages are within the control limits
« There are visible random changes from value to value
= One control measurement per shift is usually enough
= |If there is long-term stability, the interval may be lengthened

> ... too short, if there are no or only minimal changes from value to value
= However, one control measurement per shift is a must!

> ... too long, if there are values beyond the control limits

Special case: If the equipment is recalibrated or adjusted before each
measurement, stability monitoring is not required

\
8 www.ttq.ro N >
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Procedure 5 — Stability criteria

> Stable measurement process
« All values within the control limits
- Random variation without special causes

> Unstable measurement process
. Values beyond the control limits
. Large random variation over time
« Signs of special causes
« Run
. Trend
- Middle Third

> If the measurement process is unstable:
« ldentify causes; risk analysis: improvement and re-approval

8 WWW.ttg.ro ‘@;



Flow chart

start
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=
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No approval
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specificaton not
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Acquire more assurate
measurzment equipment

yes

l noi

Conditional approval

Assessment:
Measurement process with
Cgk < 1,33 and/or
%GRR > 10%

First approval no
or approval after
changes?

yes

Machine capability
Process capability
(continuous characteristic,
Booklet 9

Measurement
process (possibly)
non-capable?

A Chapter 6

Conditional
approval
possible?

Measurement
uncertainty study
(Booklet 8, VDA 5, GUM

Booklet 8

100% sorting
within conformity range
possible?

Production
within conformity range
possible?

No approval:
compliance with required
specification not ensured

J
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Repeat demonstration of capability

> No defined requirements as for control of inspection, measurement and test
equipment!

> “During application in production, the capability of the measurement process
must be ensured at all times (preferably using procedure 5).”

> Examples of criteria for re-approval.

- Significant changes in the stability chart after an intervention
Recommissioning after maintenance or repair work etc.
Technical changes, significant parameter changes
Changes in conditions, environment, staff etc.

Before/after relocation
Suspected equipment errors

\
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Methods

Fig. 2
Start Start'of test process
capability study
) N
. %) Note: Empirical limit according fo the 3
scqre st {ssurementeqdamen a1 e Contruous
measurement aguipment ) m compared i tne folsrance of Adequate check-list reference values?
; e characieristic Undsr t=st) available?
") Note: It has o be checked Imperatiely 1
e e o e s S T
s ey e s oz
2 ._WL, cost). = yes Study according to
procedure 67
asurem e
rocess
capabie?
v i il Create adequate check-list
process capabilty Procedure 6 Procedure 7
Sc00mIng 1o regUAoNS (%GRR) ) Optimize test process
-Appendix A (discrete istic) char
( Fe— —] Thapter 5.1 Chapter 5.2 T A A
capabil D
L e sasbrt
y T
yes
. - B no Test process
First approval Review of characierislc, Capability criteria met? 2 A, g
o t : izati ble?,
= ar ?;JI:\!‘;§M[ Wlerance, Measuramen: Process check-list ( optimization possible’
Arrange for periodical
saamant. check-up of test process no
‘ Approval ‘ ‘ Conational approval "'eﬁ:"g’f"ﬁfsgﬁ;"w capabrlggugpg’:gmg to
%GRR > 10%
C;';;g;;!l Assessment
First approval possinie ; Approval Conditional approval Test process with
no
o 3pprosa sher ~ Y, Continuous ORA e D e 0.6
characteristic?

Conditional
approval
passible?

Measurement Test
process capability process capability No approval:
(continuous characteristic) (discrete characteristic) compliance with
— —_— requirements
T Fig. 3 T Fig 5 2 not ensured
No approval: ~ j J
‘complance with required i
specicaton not ensured

A
End of test process
( End ) capability study
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Flow chart — Test processes

> Assess characteristic and
define study type

> Perform capability analyses
> If capable: use
> If not capable:

» Optimize

« Risk analysis

- Conditional approval and
re-qualification

wWww. ttg.ro

Startof test process
capability study

AS és_s___ ) )
charac terlst
Opti mizem
Capabilty briteria ;{ew /Oa:p able
h A
Apiroval ap p rova| :- 7R|Sk 5
anafysis
Y ~ifnot >
A able.
pproval ; '+_5.;':—.:
and use
57—" process
\7» idy /




Flow chart

Start'of test process
capability study

Continuous
reference values?

yes Study according to

procedure 67

Procedure 6 Procedure 7
(%GRR) )
(discrete characteristic) (discrete characteristic))

no

Capability criteria met? >

Arrange for periodical
check-up of test process
capability according to
regulations

— A oy —

Optimize test process

—_ N
cf App. A I

.optimization possible?

no

Approval Conditional approval

Assessment:
Test process with
%GRR > 10% oderx < 0,9,

Conditional
approval
possible?

No approval
compliance with
reguirements
not ensured

J

A
End of test process
capability study

Fig 2 >

Start'of test process
capability study

Continuous
reference values?

yes Study according to

procedure 67

Procedure 7

)

(discrete characteristic)

Procedure 6
(%GRR)
(discrete characteristic)

Optimize test process

L Chapter 5.1 J Chapter 5.2

Test process

Capability criteria met? optimization possible?

.

Arrange for periodical
check-up of test process
capability according to
regulations

A
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Procedure 6 — Discretized continuous characteristics

> We're looking for the average width of the grey area near USL and LSL

LSL ‘ USL

not OK OK not OK
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Procedure 6 — Discretized continuous characteristics

> Obijective
To demonstrate the capability of a test process in terms of its ability to
deliver unambiguous decisions when testing discretized characteristics.

> Requirements
- A reference lot made up of 50 reference parts from production (normal

production parts), whose discrete characteristic values are determined
and documented prior to the start of test.
- The measurement uncertainty U for the measured values must be known.
« The characteristic values of the reference parts should cover a range
beginning just below LSL — U and ending just above USL + U. The
measurement result for each reference part is documented.

\
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Procedure 6 — Discretized continuous characteristics

> Conducting the study
“Signal detection” method

For each gaged characteristic look for ...

... 50 parts spread out across the tolerance
interval (+/- U).

Determine a reference value for each part
(and for each checked characteristic in case of
gages that check several characteristics) in the
gage room.

Let the parts be checked ...

... by 2 appraisers ...

... 2times each ...

... inrandom order.

Enter the results in a table.
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Procedure 6 — Discretized continuous characteristics
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Procedure 6 — Discretized continuous characteristics

7 | 3gs0 = = = = (@]
E 36520 = = = = %
— zET :2:22 ...... z ........ z ....... Z ........ z ....... % ..........................
.......... T R e e (R _
9 | 330 = = = oh (]
[F—— z 36320 = = oh oh @ d 0 d 0
- = - - 248 USL YGRR = —x100%
() p— AL BB e e B B @ e, T
— e e B B B
TR g
T T S R T
Bl b D b @ @
Sl @ D b & @
ECHE O T T T S
@ s gp fp ogp oop @
#2 3fw gp gy gp gn @
woww D & & & @
I T T T TR -
- dys. + st
8 | 35990 =] gk oh oh & —_
ECIE U TR T T S 2
AR RN T SRR R
| 3:5930 oh gk oh gh (@]
o= % & 2 % 6 Assessment as per procedure
T T 1 T T i
M| 3570 o h on th @ 2_
N T T T S
RO S R A
Tles B £ B B @ up to 10% capable
T 2 2 2 % 8
wlam & D B b @ 0
b AT B e B @y up to 30%
R R N B
w3 2 2% 9 d |
43 | 35590 op o] = = [}
(|7) I 35520 % = = = : LSL Cap ab e
1 3.’;’322 ...... e z ....... Z ........ z ....... @ :
I_ .%::ﬁ. ...... ZZ ........ Zz ....... g ................................. Over SOOA) n Ot Cap able

9 WWW. ttq.ro N, )j



Procedure 6 — Discretized continuous characteristics

Measurement System Analysis
() BOSCH . ystem Analsis Shee: 171 2877
Discrete characteristics 266 ]
Division MSE3 Operating sequenc; Schieifen Innendurchmess| Char Descr. innendurchm 3‘55__ 9 (gg ?
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Procedure 7 — Discrete characteristics

> Obijective
To assess the capability of a test process in terms of its ability to deliver
unambiguous decisions when testing discrete or discretized continuous
characteristics.
> Requirements
Clarify requirements for
- Reference parts with continuous characteristics
Measurable characteristics subject to (simplified) OK/NOK test
- Reference parts with discrete characteristics
Characteristics are not measurable, e.g. subjective visual inspection
- Reference lot (master)
Lot size, composition, identifiability

\
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Procedure 7 — Discrete characteristics

> Requirements for
Reference parts with continuous characteristics
« Per procedure 6
> Requirements for
Reference parts with discrete characteristics
« Provide reference standards (boundary samples catalog)
« Assign to categories (OK/NOK)
- More categories may be possible (grades; scrap/good/rework)
> Requirements for
Reference lot (master)
« 100-200 parts are recommended, per AIAG MSA at least 50
- All relevant properties must be represented in typical proportions
- All parts are uniquely identifiable (but not visible to the appraiser!)

\
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Procedure 7 — Discrete characteristics

> Conducting the study

« As in procedure 6 test and categorize the objects in random order under
normal operating conditions

« If appraiser influence is expected: use at least three appraisers and two
test runs each

. If appraiser influence is not expected: use at least six test runs
. Use a random inspection order, and change it for each run
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Procedure 7 — Discrete characteristics

> Analysis
« Assess pairwise agreement of results, using the Kappa « statistic

Observed non-random agreements

_Possible non-random agreements _

Calculation details are presented in Appendix G.
The analysis comprises the following comparisons and the calculation of the corresponding statistic k:
e Within appraisers: compare all test runs of each appraiser without checking against the reference
(repeatability).
* Between appraisers: compare all test runs of all appraisers without checking against the reference
(reproducibility).
* Compare all test runs of each appraiser against the reference.
* Compare all test runs of all appraisers against the reference.

Deviating from AIAG MSA, the analysis is performed using Fleiss’ kappa statistics [Fleiss], which is more
generally applicable. If the analysis according to AIAG MSA using Cohen’s kappa statistics is explicitly
requested (e.g. due to customer requirements), then proceed according to AIAG MSA.
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Procedure 7 — Discrete characteristics

> Capability assessment
Capability is assessed based on the « statistic (“Kappa”):

k = 0.9: test process capable

0.9 > x =20.7: test process conditionally capable

« k <0.7: test process not capable (unsuitable)

Use the minimum of all the k-values for the overall assessment.
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Procedure 7 — Discrete characteristics

wWww. ttg.ro

Evaluation categories: 0 - not OK;

1- 0K

T P Record No.: :
=) BOSCH Test Process Ana|y5|5 ecor ; Procedure 7: Test Results Record Ho. 9911015, Sheet 2 of 2
311015
Quality Management Procedure 7 sneet 10— Trial No.
— — TestObject | ETEnce val Willer Mayer Fuber
Product [ Test Object Characteristic Measuring & Test Equipment es "0_1“ V:_a\ue -'dis:r:;ur e
Broduct Housing Designasont Surface qualit Loestion: XxPANO00399 foontinuous) | gigpratzeq) | A1| A2| A3 B B2 B3|CA]C2) C3
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PatiDramingNo: A 111 999 222 I Continuous characteriatic e 123456 789 i 3 Wa 7 0 [0 [0|0[0[0[0[0][0
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il 0.7936 x 0.8592 X 7 40 nia 1 [N EEEEEE EEERE
] 41 na 1 1 1 1 1 111 1 1 1
& 42 na 0 ololololololololo
§ 43 na 1 1 a 1 1 1 1 1 1 a
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50 n/a 0 glofojlojlo|lo0ojlofo]0
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Procedure 7 — Discrete characteristics — Analysis

> Pairwise combinations per appraiser
- One appraiser checks one part three times ‘1} ) @}
« Each test result is compared against the other two test [ fesults

. Only agreements are counted
. Agreement 1-2,1-3, 2-1, 2-3, 3-1, 3-2 > AXA =6

. Agreement 1-2: 2-1’ | | | > AxXA =2
. . Agreement 2-3, 3-2 S AxA =2

. . . Agreement 1-2,1-3, 2-1, 2-3, 3-1, 3-2 > AXA =6

PalrW|se comblnatlons are counted according to the same principle

> all appraisers > AXBXC = 44

> each test result of each appraiser
against the corresponding reference > AlxR=0o0r2
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Procedure 7 — Discrete characteristics — Analysis

> From the pairwise combinations determine
- Sum of all observed decisions that are in agreement
- Sum of all possible decisions that could be in agreement
. Percentage of observed decisions that are in agreement

Number of pair-wise identical combinations per test objecti(i=1, ... Ng)
Categories: 0-Not OK
—_— < |olo|S|E]lElE||e]|E]lE|e] &
s 2 Appraiser - Trial * * x i1} = ® x ® % = * * =
aull < o &) x \ o @ < o ~ - i <
pol&ls & @ v g @ v < < < < m m m O o o
=|a < < 0 o 00
ol
1 T 1t 1t 1 1 1 1 1 [ 6 6 72 2 2 2 2 2 2 2 2 2
2 Tt 1t 1t 1t 1 1 1 1 1 6 6 6 72 2 2 2 2 2 2 2 2 2
3 0jo 0 00O OO0 O0OOD 6 §] 6 T2 2 2 2 2 2 2 2 2 2
4 010 0l [ () 6 6 6 T2 2 sl - 2 2 2 2 2
"N N N N N nﬁ\ o o e ) "L‘\"ﬁ ) ) 4}’!
'qT Tt 1+ 1t 1 1t 1 1 11 5 o L) 72 2 2 2 2 yia — P 2 2
50 10j0 00 0O 0O 0 O OO 5 6 5] 72 2 2 2 2 2 2 2 2 2
Observed number of pair-wise identical | ,eq | 580 | 260 | 3272 | 100 | 96 | 88 | 100 | 96 | 94 | 96 | 86 | ss
combinations n
Possible number of pair-wise identical | 354 | 359 | 300 | 3600 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
combinations N
Observed fraction of pair-wise identical
combinations Poy, = n" / N* 0.8933]0.9333]0.8667]0.9089]1.0000]0.9600]0.8800]1.0000]0.9600]0.9400] 0.9600]0.8600]0.8800
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Procedure 7 — Discrete characteristics — Analysis

> From the individual decisions per part determine
- Sum and percentage of all OK assessments
- Sum and percentage of all NOK assessments
- Assuming these assessments are correct, it is possible to calculate the
expected proportion of (random) assessments in agreement

Number of pair-wise identical combinations per test objecti(i=1, ... Ng)
Categories: 0 - Not OK
3 £ Appraiser - Trial = x » i1} ® * x ® % = x * =
b7 5 e < m o x - o © - o ] - o~ ©
cellls @ g g Qg a o < < L. < ] th t O o o
S & < < <« 0 00O O 0
T f{1y1T 11 1 1 1 1 1 1] 6 6 6 | 72 2 2 2 2 2
21111t 1 11 11 1 1) 6 6 6 | 72 | 2 2 2 2 2 2 2 2 2
3 |0jo 0o 0 OO OO0OOO i 6 6 72 2 2 2 2 2 2 2
Observed number of evaluations per 50 a7 51 148 32_1 32 34 32 32 31 32 33 34
category n, (k=1, ... Ng) lgg :_IQQ gg ggg gg gg gg gg gg gg gg g; gg
Total number of evaluations N 150 150 150 450 100 100 100 100 100 100 100 100 100
Observed fraction of evaluations per 0.3333]0.3133] 0.34 ]0.3289) 0.32 | 0.32 | 034 | 0.32 § 032 ] 0.31 | 032 ] 0.33 | 0.34
category nc/N (k=1, ... N¢) 0.6667]0.6867| 0.66 |0.6711] 0.68 | 0.68 | 0.66 | 0.68 | 0.68 | 0.69 | 0.68 | 0.67 | 0.66
Expected fraction of randomly identical
- _ 2 0.5556) 0.5697|0.5512]0.5586 0.5648] 0.5648|0.5512] 0.5648 | 0.5648] 0.5722] 0.56480.5578]0.5512
evaluations Pg,, = I, (n,/N)
\
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Procedure 7 — Discrete characteristics — Analysis

> Calculate a kappa value from the observed and expected percentages

- The difference between the observed agreements P, and the expected
(random) agreements Pg,; yields the proportion of
“observed non-random agreements” P, — Pg,,

- The difference between the expected (random) agreements Pg,,
and 100% vyields the proportion of “possible non-random agreements” 1-
P

Exp

P _P Observed non-random agreements
_ " Obs Exp

1-Peyp Possible non-random agreements
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Procedure 7 — Discrete characteristics — Analysis

> Calculate the kappa values, use respective mean values for the assessment
of agreement with the reference

_ Number of pair-wise identical combinations per test objecti(i=1, ... Ng)
Categories: 0 - Not OK
— <]l aolo S|l &] &
;_9. E Appraiser — Trial * = £ 1] * » ] = = » » » »
I B < m O = - o~ “ - o~ ™ - o o
- Rl R B B B B < < < < 0 M @ O o o
3 & < <« mmo oo
1 1mTm1T 17 1 1 1 1 1 11 § 6 6 72 2 2 2 2 2 2 2 2 2
2. 1111t 11 11 1 1 11 § 6 6 72 2 2 2 2 2 2 2 2 2
31090 0 0O 0O 0O O OC OO i 6 6 72 2 2 2 2 2 2 2 2 2
4 1010 0 0l 0 0 0O § 6 6 72 2 s 2 2 2 2 2 2 2
A==TTT0 0 0 0 0 0 0 0 U S—dD - 2 2 2 T2 2 2 s )
491111 111 1 1 1 1 1 3] 6 ] 72 2 2 2 2 2 2 2 2 2
50 J0jJ0 0 0 O O 0O 0O 0 O ] i} 6 72 2 2 2 2 2 2 2 2 2

Observed fraction of pair-wise identical
combinations Pgy, =n" / N* 0.8933]0.9333] 0.8667 ] 0.9089]1.0000] 0.9600]0.8800|1.0000]0.9600] 0.9400) 0.9600| 0.8600 | 0.8800

|1 = e
Expected fraction of randomly identical
evaluations Pe,, = T, (n/N)’

0.5556] 0.5697 0.5512] 0.5586 ] 0.5648] 0.5648 ] 0.5512] 0.5648 ) 0.5648] 0.5722] 0.5648 ] 0.5578]0.5512

Pobs — P,
Kappa: %:K 0.7600) 0.8451]0.7029]0.7936 1.0000] 0.9081|0.7326] 1.0000  0.9081] 0.8597] 0.9081] 0.6834] 0.7326
“Exp
Kappa: Each appraiser against 0.8802 0.9226 0.7747
reference (mean values)
Kappa: All appraisers against 0.8592

reference (mean value)

\

1 WWW.1tq.ro ‘J[:(t/))gr'



Procedure 7 — Discrete characteristics — Analysis

> The smallest kappa value determines the overall result

Number of pair-wise identical combinations per test objecti(i=1, ... Ng
Categories: 0 -Not OK
— <|olo| S| E|E|E|E|lE|E|E|&] &
S g Appraiser — Trial = x x 1] = x x = = = x x *
25|5 < | o] o 3 B R D o - B o I
E,g%v’t"?‘r‘\.“??‘:“‘? < < < < ) ) o 3] 3} 3)
e s —— | e b |
" Pops _PExp
Kappa: S p_ ¢ 0.7600] 0.8451]0.7029 ] 0.7936 1.0000] 0.9081]0.7326| 1.0000 | 0.9081] 0.8597] 0.9081] 0.6834]0.7326
Exp
Kappa: Each appraiser against 0.8802 0.9226 0.7747
reference (mean values)
Kappa: All appraisers against
reference (mean value)
3 | s> ® g = o
Appraiser name = S |TE2| Ew S |VES| B
> N v 2 « = L E o v 2 T ==
0 | (Kappa)| A vl G v 8 (Kappa)| [ e v 8
=18 = C 3 %5 e 8 = £ 8 25
- 8 = - 8 e
= =
Miller A | 0.7600 X 0.68602 X
Smith B N 085451 X 0.9226 X
King c I 0.7029 X 0.7747 X
| Between apprlaiaera without reference All appr:iisere against reference
all ] % 0.8502&d X
Total Result 7Minimum nf all raznlts- Kappa = 0.7029
— conditionally not
Kappa > 0.90: capable 0.70 < Kappa < 0.90: v Kappa < 0.70:
ppaz P =Happ capable PP I capable

\
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Procedure 7 — Discrete characteristics

) BOSCH

Quality Management

Test Process Analysis

Procedure 7

St M - 1

) BOSCH

Test Process Analysis

Record No.:

wWww. ttg.ro

Product / Test Object Characteristic Me QQ 1 10 T 5
Procct Heusing Designason: Surface quality Loz .
Part Cover Charackerisfic No: 15 3?_ Qua“ty Management Proced u re 7 Sheet f of 2
Par/DrasirgNa: A 111 999 222 r =
g . — " "
s 05/03292009 e vas: i = |Product / Test Object Characteristic Measuring & Test Equipment
upperLimit  nia gﬂ" . .
vt s t‘;? Product: Housing Designation: Surface quality Location: XxP/W000999
Inct
Toeanee:  nva . ~ R . Test / Measuring ) ] .
- Part Cover Characteristic No.o 15 Station: Visual inspection
[+ Dherate Characteriatic ) R . Test/M i
e | Part/DrawingNo: A 111999 222 [~ Continuous Characteristic o 123 456 789
Test Method: Visual inspestion, manually, room temperature 20.2°C, fight infen. Equipment No.:
. ) _— Boundary samples
e —— Evanation Catsgori: Revision: 05/ 02/29/2009 Nominal Value: 1/a Designation: catalogue
N of refenence pars N, - 50 0 - MNotOK . Calibration
R W 3 ¢ ok UpperLimit: - n/a Cerfificate No.: na
r of trials per appraker N 3
:t::"::z:: ::1:5 He 2 Lower Limit: nfa Measurement y
— - = ’ Uncertainty: n/a
Test Data: See shee! 2
Analysis Tolerance: na
‘Within appraiser without raferance |
~ Unit:
Appraiser name ‘E 53 § 'ig £ ’: wa
Plwaren) 3§ | 598 L2 |ea [ Discrete Characteristic
s . i . — |Test Method: Visual inspection, manually, room temperature 20.2°C, light intensity 250 cd (Candela)
King G | o70z9 X 07
Test Scenario Evaluation Categories
: e e Number of reference parts No = &0 0 - NotOK
el 0.7336 X 08
Number of appraisers Ny = 1 - OK
Total Result Minimum of all results: Number of trials per appra iser NT =
Kappa2080: [ capabe onckappa<osn @ DO Ny mber of evaluation categories Ne = 2
(Comment: none
Test Data: See sheet 2 ff
Date 02/28/2009  Department wo2s Mame: J. Q. Pubiic Signz .
Analysis

\

T



Procedure 7 — Discrete characteristics

) BOSCH Test Process Analysis [Test Data: See sheet 2 ff
Quality Management Procedure 7
Product / Test Object Characteristic Me: Analys|5
Prodhuct Housing Designason: Surface quality Locxt
Pt Gover CramE ;13 Zi Within appraiser without reference Each appraiser against reference
Part | DraaingNo: A 111 999 222 [~ Continuous Characteriatic ;T[
Revisicn; 05 7 02/29/2009 Neminal Vave: nfa Dasig 5 g = i g = o
" . c . 8 . T = -~ =
dpert s =l |Appraiser name E 82 |VE2| 2% 82 |VEA| 8w
Mese K =] o K (=] (=%
LowerLmit  nfa Unga r-:‘r? K D| g— s g— T 8 K D| g— = g_ 5 8
- M a5 W A a5 W
T s (Kappa) J'g (M8 g L3 |Keepa) (g | vEBE| Vg
unit: ni :: 8 c :3 8 =
|¥ Diacrets Characteristic
Test Method: Visual inspestion, manuslly, roem temperature 20 2°C, fight intens Miller A | 0.7600 X 0.8502 X
Test Scenario Evaluation Categories Sfm.rd B 0.8451 X 0.9226 X
Wumbsr of refsrence paris My - 50 @ - Mot OK -
i v Co King c|oro29 X 0.7747 X
Wumier of trials per apprakser N, = 3
wuminer of evaluation calegaries M = 2
Test Data: See sheef 2 F
Analysis
‘Within appraiser without raferance E
A— g - gig od Between appraisers without reference All appraisers against reference
Blwoe) 3§ | 388| T8 fea] 0.7936 X 0.8592 X
Milier A | 0.7600 X 0.8¢
Smith g | 0.8451 X 0.9
King C | 0.7029 X 0.7
Total Result Minimum of all results: | Kappa = 0.7029 |
Betwsan appraissrs without refarsnce |
m 0.7536 X 0.8: — conditionally not
Kappa > 0.90: capable 0.70 < Kappa < 0.90: Iv Kappa < 0.70:
ppaz P =*app capable PP a capable
Total Result Minimum of all results: Comment: nane
Kappax 0800 [ capabls 0.70 < Kapps < 0.50: [ E;;;g::“w
(Comment: none
Date:  02/29/2009 - Wo25 . J Q. Publi ignature: [ .9 Pl
i ) ate: Department: MName: Q. Public Signatura: P Ll
Date: 02/28/2009  Department wo2s Name: J. Q. Pubiic Sgna - e B

\
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Procedure 6&7 — Stability or repetition?

v vV

There are no defined requirements for stability checks for test process
capability
An np- or p-chart as used in SPC would be an obvious possibility
However, these charts typically use sample sizes n = 50
So stability monitoring would essentially be an ongoing repetition of
procedure 7
Some typical criteria for a repeat test:

- When commissioning a new, overhauled or repaired test equipment; after
maintenance work
After technical changes to an test equipment
After additions or significant changes to reference standards
After a change of test process conditions or appraisers
See also criteria for repeating measurement process capability studies

\
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Non-capable measurement or test processes

Observe sequence :

Optimize measurement A
process

I 77, =  Optimize measurement processes

optimization possible?

yes =  Measuring equipment,

Acquire more accurate A
measurement equipment

— N
— Appendix A >

Review of characteristic,
tolerance, measurement

process Strategy
— Appendix A >

measurement equipment
possible?

standards

=  Measurement procedure,

Adaption of tolerance
possible?

> Environmental conditions

Assessment:
Measurement process with
Cgk < 1,33 and/or

%GRR = 10%
Chapter 6

=  Object of measurement

=  Appraisers, instructions

Conditional
approval
possible?

) =  Purchase more precise

measuring system

Measurement
uncertainty study
(Booklet 8, VDA 5, GUM

Y Booklet 8

= Look at characteristic, tolerance,

and measurement process \—l

1 WWW.ttg.ro g I: @/)i_Ji"'



Many thanks for your interest and
cooperation

Zoltan Janosy

zoltan.janosy@ttq.ro
T&T Quality Engineering RO SRL
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