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Microphone 24

Please keep it muted to avoid

background noise during the session.

Timing ®

We'll keep track to make sure we
finish on schedule.
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Webinar general information/rules

Before we start ...

Camera (G

Turning it on helps make the session
more engaging and less monotonous.

Focus =)

Let’s stay present and avoid
multitasking during the session.

Chat 5

Feel free to drop your questions or
comments there anytime.

Feedback T

Don’t hesitate to share it at the end, it
really helps us improve!
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Classroom general information/rules

Participation (%

Please raise your hand if you want to
ask a question or share a comment.

Timing ®

We'll keep track to make sure we
finish on schedule.
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Before we start ...

Respect ?

listen respectfully without
interrupting.

Focus =)

Let’s stay present and avoid
multitasking during the session.

Engagement &

Join discussions and activities.

Feedback

=

Lo

Don’t hesitate to share it at the end, it

really helps us improve!
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Technical statistics trainings: concept from 2026 onwards

Introductory WBTs
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Solara basic training

Tooling user
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10-WBT

Measurement
capability 101

QM-ST

Capability of Measurement
and Test Processes

12-WBT

Process&Machine
capability 101

QM-ST

Machine and Process
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Measurement
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Introduction
Learning objectives

After the training you will be able:

8

To select and use appropriate procedures to verify the capability of
measurement and test processes.

To know all the procedures described in Bosch Booklet 10 and
know how to interpret and evaluate their results

To know the procedures’ 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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Quality Management in the Bosch Group | Technical Statistic:
10. Capability of
Measurement and Test Processes
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Definitions and requirements from standards
Test and measurement

‘ subjectively ‘ ‘ objectively ‘
by sensory percepyon by go/no-go by measuring
(visual, noise, haptic, . gauging
procedure 7 procedures 6 /7 procedures 1 -
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Definitions and requirements from standards
Test and measurement

C =

Adequate check-list
available?
yes
Create adequate check-list
-Appendix A

Process check-list

Continuous
characteristic?
Measurement Test
process capability process capability
(continuous characteristic) (discrete characteristic)
L Fig. 3 J Fig. 5

=
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Even if you can test by measuring, Booklet 10 indicates:

= Measurement process capability for continuous
characteristics

= Test process capability for discrete characteristics

Quote from Booklet 10, Chapter 5:

= Note: The analysis using discrete or discretized
characteristics is generally not recommended, since
meeting up-to-date requirements for error rates requires
sample sizes which are economically not justifiable. The
verification of capability by means of continuous
characteristics using procedures 1 - 5 should always be
preferred.

BOSCH



Definitions and requirements from standards
“Measurement process” and “measurement system”

= AJAG Core Tool MSA 4th Edition
Terminology

Chapter | — 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 1s 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.

1 4 Internal | C/QMM | 2026-01-05
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Definitions and requirements from standards
“Measurement process” and “measurement system”

‘ Operator ‘ ‘ Environment ‘
¥ \
measuring / test device
Measuring object | =—» measuring equipment < Mea:eljsrjlr:lent

measuring facility

Standard, reference object Measurement procedure,
strategy
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Definitions and requirements from standards
Classification of measurement errors

Measurement error

\d \d
[ o |
\4 A4
[
4 4
uncorrected
errors

A/ A4

Measuring .
Measurement uncertainty
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Definitions and requirements from standards
Taking measurement errors into account

L Gy @

Man Material Method + U

NN N e

Milieu !\Ecﬁ 'U
9 5 -
U

SL
Meas. uncertainty\_u +U

Conformance zone
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Definitions and requirements from standards
Taking measurement errors into account

2 & &

Man Material Method + U

\ \ \ Value x
VA N

Milieu Machine
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Definitions and requirements from standards
ISO 14253 requirement

LSL USL
Reject Deliver Reject

Non Non
Conformance Conformance
Zone Zone

Increasing uncertainty

Uncertainty Range Uncertainty Range
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Definitions and requirements from standards
Statements from booklet 10, chapter 2

= The verification of capability has to be provided by means of measurements and tests at the place of operation
of the measuring or test systems and statistical analyses of the results.

= |t is only reasonable for measuring and test systems that conduct a sufficiently large number of similar recurring
measurements and tests (e. g. in the production flow) and it is valid for the examined characteristic only.

» |f measurements and tests of different characteristics are done with the same measuring or test system, an
individual verification of capability is required for each characteristic.

= |n case of frequently changing measurement tasks (e. g. in development and test departments), measurement
uncertainties should be determined rather than capabilities.

» |f conformity statements according to [ISO 14253] are required, measurement uncertainties have to be
determined categorically instead of or in addition to capabilities.

= |f procedures contained in this issue of Booklet 10 cannot be applied for justified reasons, other procedures
according to [AIAG MSA] have to be examined for their applicability and used.

Internal | C/QMM | 2026-01-05
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Definitions and requirements from standards
Impact of measurement process variation

2 - 2 2
O%observed = O actual +0 measuring system

T Y T

Observed Actual Variation of the
process variation process variation measuring system

Impact on process capability!
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Definitions and requirements from standards
Impact of measurement process variation

Observed

process variation i

Actual process variation
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Definitions and requirements from standards
Impact of measurement process variation

Observed /\
. 7

process variation

Actual process variation
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Definitions and requirements from standards

Impact of measurement process variation
%GRR 70# GO/A;
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MSA methods acc to Bosch booklet 10

Methods according to Bosch booklet 10: overview

Procedure 1 — Measurement of standard/reference - Cg/ Cgk
« Prerequisite for procedures 2 to 5

Procedure 2 — Repeatability and reproducibility - %GRR
* Influence of real parts and appraisers

Procedure 3 — Appraiser-independent systems - %GRR
« 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)

Internal | C/QMM | 2026-01-05

Standard procedures
for approval of variable
measuring systems
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MSA methods acc to Bosch booklet 10
Methods according to Bosch booklet 10: overview
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ity study

=

Continuous
reference values?

Adequate check-list
available?

Study according to
procedure 67

Create adequate check-list

Procedure 6 Procedure 7
(%GRR) ()
-Appendix A || |(discrete characteristic) (discrete characteristic)|
Chapter 3.1

Optimize test process

of App A

Test process

Process check-list

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

*

.optimization possible?

no

Continuous no Approval Conditional appraval

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

J S
characteristic?
Conditional
approval
' possible?
Meallrement Test

procesy capability
(continuoug characteristic)

process capability
(discrete characteristic)

T Fig 3 T Fig 5 b

/
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A S/

No approval
compliance with
reguirements
not ensured

J

v A
End of test process
( End ) capability study

BOSCH



MSA methods acc to Bosch booklet 10

Flow chart: measurement process

29

Assess resolution | ~fssessEselution ™ I'mm"";? a

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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MSA methods acc to Bosch booklet 10
Flow charts
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Booklet 9 » — Appendix4 >
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process
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MSA methods acc to Bosch
Flow charts
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nooklet 10

v A

nov

Approval Conditional approval

Assessment:

Measurement process with

Cgk = 1,33 and/or
%GRRA = 10%

A

First approval
or approval after
changes?

Machine capability
Process capability

Bookiet 9

Stability monitoring
{contnuous charactensoc)

Measurement
process (possibly)
non-capable?

Chapter 6

Conditional
approval
possible?

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

Bookiet 8

100% sorting
within conformity range
possible?

Production
within conformity range
possible?

No approval:
compliance with required
specification not ensured

J

End
Fig. 2

Examination of
measurement
process
capability not
possible/
reasonable
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MSA methods acc to Bosch booklet 10
Starting point of a measurement system analysis

= Purchase of a new measurement system
« New application of an existing measurement system
* New products
* New characteristics
« New measurement strategies
= 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

Internal | C/QMM | 2026-01-05 BOSCH



MSA methods acc to Bosch booklet 10

Flow chart

Acquire sutatie
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Acquire mors scourste
measurement squipme:

Fig. 2

Start

Resolution = 5% T?

Acguire suitable
measurement equipment ")

J

Resolution < 10% T2 %)

?) Note: Empirical limit according to the

“Golden Rule of Measurement Technology®
(measurement equipment at least 10 times
more accurate compared to the tolerance of

Examination of
measurement process
capability not possible /

reasonable

no

the characteristic under test)

Measurement process
capability
(continuous characteristic)

v

Fig. 4

1} 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)
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MSA methods acc to Bosch booklet 10
Resolution of a display

Fig. 2
Start

Resolution < 5% T?

Examination of
measurement process
capability not possible / N\

reasonable

no
Resolution < 10% T2 )

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 1)

]

1} 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)
DSP PAR FlA F2¥ RST even if considerably higher effort is required

(time, cost).

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]
Internal | C/QMM | 2026-01-05 BOSCH




MSA methods acc to Bosc

Flow chart
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Mote:
In case of an undefined
capability criterion
(i.e. in caze of a one-

measurement process
capability study

Procedure 1
(Ca, Tl

sided characteristic Procedure 1: no Root cause yes
without a natural limit): capability criteria analysis taken?
the requirements of met? s
procedure 1 are fulfilled
by defining the:
acceptance criterion for no
measured values Maote:
Capability criterion
not yet met
no Linearity test
required?
Procedure 4
{Lineari
Chapter 4.4
Linearity criteria Root cause yes
- taken?
met? analysis
W no
Naote:
Capability criterion
not yet met
yes Appraiser no
{ possible? }
Procedure 2 Procedure 3
(%GRR (%GRR]
k Chapter 4.2 J Chapter 4.3
F yes
capability enlaena R::tﬂc;:::e taken?
met?
no
Naote:
End of Capabilty criterion
measurement process not yet met
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MSA methods acc to Bosch booklet 10
Flow charts

36

Note:
In case of an undefined
capability criterion

{i.e. in case of a one-
sided characteristic

without 3 natural limit)
the requirements of

procedure 1 are fulfilled

by defining the

Procedure 1:
capability criteria
met?

Root cause
analysis

acoeptance criterion for yes no
measured valuss Mote:
Capability criterion
not yet met

Linearity test
required?

Linearity criteria
met?

Capability criterion
not yet mat
Appraiser

il

Procedure 2/37
capability criteria
met?

Note:
Capabilty criterion
not yet met

End of
measurement process
capability stud:
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not yai met
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MSA methods acc to Bosch booklet 10
Procedure 1: using a measurement standard

= Objective
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

Internal | C/QMM | 2026-01-05 BOSCH
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MSA methods acc to Bosch booklet 10
Procedure 1: process

Documentation
Data collection

If T or T* (natural limit) is defined

* Calculate capability indices

» Assess capability indices
(Cg, Cgk = 1.33)

If Tis not defined

« Calculate
critical limits USL, / LSL,

» Define acceptance criterion
for measured values

Internal | C/QMM | 2026-01-05
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data of the repar form
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» Do not discard any
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(N ecaptianal cases manually
by means of a form sheet)

Matural |physical]
limit prasent?

Evaluatian (manually]:
Calculate
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Capablity criterion mat

Capability criterion pot met

Acceptance critericn for
mearsured values defined
{no capabiity criterion)

J

J

End
Procedurs 1
Fg 4
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MSA methods acc to Bosch booklet 10
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)

LSL Xt

USL

12

-
o
L

(o)
L L

Absolute frequency —»
o

-
Il L

N

L R
5 \
D) ) L
) ) G
T T

o
1

5,97 5,98 5,99 6,00 6,01
QOutside Diameter [mm] —
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MSA methods acc to Bosch booklet 10
Procedure 1: components of uncertainty

X*m+ 01T
[
Bias Bi = Xy — X, i
|
|
1 |
Spread 6 S, 5 |
g |
E |
2 |
Remember: 2 .
X: !
ig=—' |
v' Mean n 5 i
s - = (%x;) i
v" Standard deviation g n—1 ;
|

T 1 1 | T
5996 5,993 6,000 6,002 6,004 6,006 6,008
Cutside Diameter [mm] —=
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MSA methods acc to Bosch booklet 10
Procedure 1: calculating the indices

¥m—0,1-T Xm ¥t 01T
Bias B; = fg — Xm 20 ———873% E!g ! Xg*3% T
15__ | I | | |
s . ae 0.2-T 1 | 02-T | i
Capability indices: ~ C; = c 16— >
% i ;
0.1-T — |B] ]l i
= @ 1 | | |
k — T : .
g 3 Sg s 10 1 | |
2 89 | | |
=r 4 . f
6 ! 1 I
1 1 |
. - — 4— 1
Remember: Xg=—"- z X; |
Tl 9 ;
v Mean _ .
0- T T T T :
1 —\2 59% 5993 6,000 6,002 6004 6006 6,008
v Standard deviation Sg = n—1 . (Xl' — X) Outside Diameter [mm] —
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MSA methods acc to Bosch booklet 10
Requirements for the measurement standard

= Definition: 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

Reference standards of the laboratories of the
» German authority for accreditation (DAKkS)
DAkkS $ the calibration offices and the

material testing institutes (MPA)

Company reference standards
Company measuring equipment

Company

Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10
Requirements for the measurement 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 <001 *T=1%T
* Minimum requirement U, ,;<0.1*T=10%T

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

Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10

Procedure 1: assessment with a standard

Drawing Values Collected Values Statistics
Xm+0.1*T = 6.008 Xmax g = 6.002 Xg + 3 * sq = 6.00388
Xm = 6.002 B | = 0,001100 Xg = 6.00090
Xm-0.1*T = 5.996 Xmin g = 5.999 Xg*+ 3% sgq = 5.99792
02*T = 0.012 Ry = 0.003 6 sq = 0.00597
T = 0.060 Nges = 50 Sg = 0.00099488
Einheit = mm
Test for Bias Test result: significant (o< 0.1 %)
Minimum reference for capable meas. system
1.61<2.01 <241 133 Tmin (cg) = 0.039701
1.30<1.64 < 1.98 133 Tiin (Cgk) = 0.050696
Resolution %RE 1.67 % —. I Tmin (RE) = 0.020000

5

Measurement system capable (RE, C4, Cgk)

44 Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10
Procedure 1: characteristics limited to only one side

USL and LSL no “Acceptance criterion for

speacified?
measured values”
ves_~Fatural ohysicl Takes into account Bias Bi
imit presen

and gauge variation s,

Ewaluation {manually):
Calculate

USLgor LSL,
LSL USL

USL,

h 4

Acceptance criterion for
measured values defined
(no capability criterion)

Reduced “tolerances”,
similar to approach in ISO 14253

Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10
Procedure 1: characteristics limited to only one side

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 sgfor Cg/Cgk>1.33;5sgforCg/Cgk=>1.67;6 sgforCg/Cgk=>2.0

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

USL, =USL +Bi-4s,

where

Bi=X, — X,

Reduced “tolerances”,
similar to approach in ISO 14253

Interna || C/QMM | 2026-01-05 BOSCH



MSA methods acc to Bosch booklet 10
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 calculated 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

« |[f 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

Internal | C/QMM | 2026-01-05
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Alternative method according to AIAG MSA

A Bi

measured

Confidence interval for bias

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

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

Bi

Result Biy,, = 0 is not within the
confidence interval, so the “true”
bias is very likely greater.than 0

48 Internal | C/QMM | 2026-01-05

measured

Bi

Bi
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Flow charts

[ ™ ™ = = == == == == == = == == == == e e I
I ™
| \
I Maote:
I Procedure 1 I In case of an undefined
Note: (Co0 Cunl capability criterion
I In ﬁﬁ;”;‘s:::“ I (i.e. in case of a one-
(ie in case of 3 ane- sided characteristic Procedure 1: nao Root cause YES
I £iced charactenstic Procedure 1: yes without a natural limit) capability criteria ) Measures taken?
without a natural limit)<_ capability riteria I . analysis
the requirements of met? the requirements of met?
| P e fled | procedure 1 are fulfilled
acceptance criterion for by defining the
I measured valuss a2 I acceptance criterion for no
-apability criterion
no o not yet met measured values Mote:
I "',"::;i'z :f_," I Capability criterion
no not yet met
I I Linearity test
I required?
| Linearity criteria | Procedure 4
{Linearity)
| Chapter 44 »
\ |
Note:
I Capability criterion
ot et
"mm I Li i iteri Root yes
I inearity criteria oot cause Measures taken?
I met? analysis
— - \_ no
Mote:
5 Capability criterion
ca not yet met

met?

Appraiser
influence
possible?

Note:

End of ‘Capabilty criterion
measurement process not yet met Procedure 2 Procedure 3
capability sulur?gL 5 (% GRR) (%:GRR)
[—Chapter 42 [ Chapter 4.3

Internal | C/QMM | 2026-01-05
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Procedure 4: linearity

systematic systematic systematic
measurement error measurement error measurement error
I' > I I4 >
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |

m mi )
Reference 1 Reference i
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Procedure 4: linearity
A
This is “linear”!
§ What is
= not “linear”?
C
(b}
-
o
-
(/]
@
(b}
=
,’ True value of the measured standard
>
Internal | C/QMM | 2026-01-05 BOSCH



MSA methods acc to Bosch booklet 10
Alternative according to AIAG MSA: test for significant bias

Advantages Problems in Practice
= Statistical significance test » High-quality standards/measurement systems: the
(1-sample t-test) smaller the system variation, the more significant the
= Checks one specific component of bias (“... the more the systematic error stands out
uncertainty against the small amount of noise”).
« Criterion not satisfied, even though measurement error is
Limits/weaknesses very small
= A (minimal) bias is generally » [ow-quality standards/measurement systems: the
unavoidable converse case — the bias does not show up as
significant

= Asignificant bias only says that there

is a demonstrable bias, but does not
assess it relative to a requirement = The more measurements are taken, the more

(e.g. tolerance) significant the bias (“... the more the random variation
averages out”)

« Criterion satisfied, even though error is unacceptably large

Internal | C/QMM | 2026-01-05
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Procedure 4: linearity

A

Measurement result

Internal | C/QMM | 2026-01-05

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

BOSCH
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Procedure 4: linearity

= Objective
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. g.
« Adjustable gain
» Logarithmic scale
« Error limit related to full scale

Internal | C/QMM | 2026-01-05
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Procedure 4: linearity

= Conducting the study
Unlike the other study types, a wide variety of suggested procedures can be found in the literature.

These are mainly:

= Procedures 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

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

Internal | C/QMM | 2026-01-05
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Procedure 4: linearity

Conducting the study according to Bosch Booklet 10

Use several standards (min. 5),

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 C, and Cy,.

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

Internal | C/QMM | 2026-01-05
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Procedure 4: linearity acc. to Bosch booklet 10

A
LSL USL = Select at least 5 standards across the
% relevant measurement range

é = Perform Procedure 1 for each of them
& = Calculate C; and C,, as in Procedure 1

% = Evaluate Cg and C,, as in Procedure 1
% (Cg/ Cy 21.33)

Measurement result

% Conventional true

value of standard
[ | [ | [ | | [ | >

Interna || C/QMM | 2026-01-05
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Procedure 4: linearity using regression line

A
2 In the ideal case, the
@ line of best fit has:
I=
(D)
E —-—
g Intercept a=0
4 Slope b=1
(D)
=
/
Note: This method corresponds to the method

in AIAG MSA and may be a customer requirement

58 Internal | C/QMM | 2026-01-05 > BOSCH
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Procedure 4: linearity using regression line

Measured values

103
e USsL
[1h] .
3 .
g 73
E 3
= - X3 ¥g
I
-
E 53
= 3
E 4 i 410
= J |
s - r <1 /
2_5 4,05 / <
- x l;{/
IIIIII LU LI LI UL i optirral egi;:ssion
2 3 4 R‘-.-":i %1 behaviour line with
mmj | B g
: (b“f%‘ ~ confidence
i = interval
395 -
1 / (green, ClI
/ dotted)
30 . .
3,90 3,95 400 405 410

59 Internal | C/QMM | 2026-01-05

Measurement errors

Bias (Value - Reference) —»

fy =-0.05272 + 0.008802x r=0482 RI=2320%

+5%%RF

_D
]

=
3%}

[=)
=5

i
=
=

I
ha

[=1
[=1
1N N R T T T T T Y

|
=
[

-5%RF
1

LILILILI LILILIL LI rrrryrrri rrrrprrrt LILBLILI
2 3 4 5 B F7 8 95 10
RV [mm] (Referenz)

In the ideal case:
Intercept a
Slope b

0
0
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Procedure 4: assessment per AIAG MSA

Measurement errors The deviations from the ideal case are ,%
- - - **
f; =-0.05272 + 0.008802x r=0482 R?=2320% - 3|gnlflcant ( ) for the SlOpe b ‘90/
- - - - *** - (
03] =%rF - highly significant (***) for the intercept a Y
] / ol
027 So the measurement system is unsuitable! "'79
1) -
3 01 X Does not correspond to practice! $
E E i ;—_%;lf;lﬁl Test of the slope
B 0,0 — — :- — Ho: The slope of the regression line is equal to 0
= ; & a=5%
E —‘%": H4: The slope of the regression line is not equal to 0
E-I} 1 Upper critical value (o = 5 %) = 2.00 Test result is significant (o < 0.1 %)
E A9 Upper critical value (o. = 1 %) = 2.66 450877
%‘E ] Upper critical value (o = 0,1 %) =7 347 :
-02 : H1***: The slope of the regression line is not equal to 0
] Test of the intercept
03 T _S9AF w=5% Ho: The intercept of the regression line is equal to 0
T I g H1: The intercept of the regression line is not equal to 0
2 3 4 5 [+ T 2 L] 10 Upper critical value (o = 5 %) = 2.00 Test result is significant (o < 0.1 %)
R\ [mm] (Reference) Upper critical value (o = 1 %) = 2.66 4.07076 **+
Upper critical value (o. = 0,1 %) = 3.47 '
I n th e ideal Case L] H1***: The intercept of the regression line is not equal to 0
’ Repeatability EV: 0.0033129 < 0.042772 < 0.048304 | %EV = -
Intercept a=0 5 = o050
— Requirements are not fulfilled (min, t-T)
S Io pe b - 0 Bosch 2018 — Procedure, Linearity

Internal | C/QMM | 2026-01-05
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Flow chart

61

Note:
In case of an undefined
capability eriterion
{i-e. in case of a one-
sided characteristic
without a natural limity
the requirements of
oG Tl fuifliedy
by defining the
acosptance criterion for
measured values

no

Procedure 1:
capability criteria
mat?

Root cause
analysis
-_—es s e . - . L

—
yes

Note:
Capability criterion
not yet met
Linearity test
required?

Linearity criteria
met?

Root cause
analysis

no

Note:
Capability criterion
not yet met
Appraiser no

inf

measurement process

rocedure 2/3*
pability criteria
met?

caj

Note:
Capabilty criterion
not yet met

End of

capability stud
Fig 3

e o o o e o o e o e e e e o e o
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procedure 1 are fulfilled

by defining the

acceptance criterion for

measured values

no

e

Mote:
Capability criterion
not yet met

Linearity test
required?

Root cause yes

analysis

Linearity criteria

Measures taken?
met?

no

MNote:
Capability criterion
not yet met

Appraiser
influence

possible?
Procedure 2 Procedure 3
(%GRR) (%GRR)
I\ Chapter 4.2 J Chapler 43
Procedure 2/3: no
capability criteria Root ca!._lse Measures taken?
analysis
met?

Mote:
End of Capabilty criterion
measurement process not yet met

capapility stud
Fig. 3
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MSA methods acc to Bosch booklet 10
Procedure 2: R&R with appraiser influence

R&R = Repeatability and Reproducibility

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

Interna || C/QMM | 2026-01-05
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Procedure 2: R&R with appraiser influence

Conducting the study

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

= Measure
» atleast 10 series production parts that are randomly selected and repeatability measurable,
* in random sequence,
* using at least 3 appraisers, Parts * Operators * Trials > 60
« 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.

Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10
Procedure 2: R&R with appraiser influence

Two analysis methods (models):

= ANOVA (ANalysis Of VAriance)
« Recommended method

« I|dentifies 3 components of variation (see following slides)
* Requires computer assistance in practice

= ARM (Average Range Method)

* Was the previous standard in the old Booklet 10
« “Out of date and no longer recommended”
* I|dentifies only 2 components of variation

» Can be performed manually, but uses various approximations,
estimates and correction factors (historical reasons)

Internal | C/QMM | 2026-01-05
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Procedure 2: process

= Documentation

= Measurement series 1
3 appraisers measure 10 parts
in random order

= Measurement series 2
3 appraisers measure the 10 parts
again in random order

= Analysis

= Capability assessment

Internal | C/QMM | 2026-01-05

Fig. 4
- Start

Procedure 2

Y

Documentation:
Completely fill in the header
data of the report form

Data acquisition
measurement series 1:
3 appraisers measure
10 measuring objects
in random order

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

Evaluation
by means of software
(in exceptional cases manually
by means of a form sheet)

%GRR < 10%?

Capability criterion met

Capability criterion pot met

)

End
Procedure 2
Fig. 4
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Procedure 2: means

The measurement results will generally ... e -
6,03 UsL
= ... vary about a mean for each part + 6,02
(repeatability) :

]
a

= ... have different means for each appraiser
(reproducibility)

Outside Diameter [mm]
& =7
L] [
=] -4
] ]

8
]

:
Ll

= ... have different means per part and per appraiser
(interaction) i ITTT i T T T e e e T e T irr T T T i T rrTred

<L <= < <L < @ @@ @ m @M LG AT T R &
mmmmmmmmmmmmmmm

Ln
w
=
—

S

Piece No. ! Operator —
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Procedure 2: ANOVA, contributions to variation

Total variation is composed of
= Part-to-part variation
= Variation between appraisers

= |nteraction between appraiser
and part

= Measuring equipment variation
(“the rest”)

Internal | C/QMM | 2026-01-05

Appraiser A Appraiser B Appraiser C
Teil | 1 2 1 2 1 2
1 6,029 6,030 6,033 6,032 6,031 6,030
2 16,019 6,020 6,020 6,019 6,020 6,020
3 |6,004 6,003 6,007 6,007 6,010 6,006
4 |5982 5982 5985 5,986 5984 5,984
5 16,009 6,009 6,014 6,014 6,015 6,014
6 |5971 5972 5973 5,972 5975 5,974
7 15,995 5,997 5997 5,996 5,995 5,994
8 |6,014 6,018 6,019 6,015 6,016 6,015
9 |5,985 5,987 5987 5,986 5,987 5,986
10 |6,024 6,028 6,029 6,025 6,026 6,025

BOSCH



MSA methods acc to Bosch booklet 10
Procedure 2: ANOVA, contributions to variation

6,0062  Variance of means X
5,0838 of all parts

6,0125 s%*y= 0,000381231

Appraiser A Appraiser B Appraiser C | X of part,
Part 1 2 1 2 1 2 all appraisers
1 16,029 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 f
4 15,982 5,982 5,985 5,986 5,984 5,984 f
5 (6,009 6,009 6,014 6,014 6,015 6,014 r
6 [5,971 5972 5973 5,972 5,975 5,974 [ 59728
7 [5,995 5,997 5,997 5,996 5,995 5,994 [ 59957
8 (6,014 6,018 6,019 6,015 6,016 6,015 " 60162
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 " 60262

Total variation is composed of

Part-to-part variation
Variation between appraisers
Interaction between appraiser and part

= Measuring equipment variation (“the rest”)

Internal | C/QMM | 2026-01-05

— PV Part Variation
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Procedure 2: ANOVA, contributions to variation

Appraiser A Appraiser B Appraiser C X of part
Part | 1 2 1 2 1 2 all appraisers
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 6,014 6,015 6,014 " 60125
6 |5,971 5972 5973 5,972 5,975 5,974 [ 50728
7 [5,995 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 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

Variance of appraisers

6,0058

X of each appraiser

SZAV= 9,86E-07

Total variation is composed of

Part-to-part variation
Variation between appraisers
Interaction between appraiser and part

6,0054

= Measuring equipment variation (“the rest”)

Internal | C/QMM | 2026-01-05

— PV Part Variation
— AV Appraiser Variation
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Procedure 2: ANOVA, contributions to variation

Appraiser A xofpartat ~ Appraiser B xofpartat | Appraiser C X of part at ' X of part
Part 1 2 appraiser A 1 2 appraiser B 1 2 appraiser C all appraisers
1 6,029 6,030 60205 |6,033 6,032 6,0325 (6,031 6,030 6,0305 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 |5982 5982 59820 |5,985 5,986 59855 (5,984 5984 59840 5,9838
5 |6,009 6,009 60090 [6,014 6,014 60140 |6,015 6,014 60145 6,0123
6 |5971 5972 s9715 |5973 5972 59725 |5,975 5974 59745 5,9726
7 15,995 5997 59960 [5,997 5,996 59965 (5,995 5994 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 |5985 5987 5980 [5987 5,986 59865 |[5,987 5986 59865 5,9863
10 |6,024 6,028 " 60260 |6,029 6,025 60270 |6,026 6,025 60255 6,0263
6,0039 6,0058 6,0054
X of each appraiser
Total variation is composed of
= Part-to-part variation = PV
= Variation between appraisers = AV
= |nteraction between appraiser and part = IA

= Measuring equipment variation (“the rest”)

Internal | C/QMM | 2026-01-05

Variance of means X
of each part

S2ar=
SRIVS
S%in3=
CRIVES
S2a5=
S%in6=
S2a7=
S2ng=

2 —_
S5A9=

2,33333E-06
8,33333E-08
5,58333E-06
3,08333E-06

9,25E-06
2,33333E-06
1,08333E-06
5,83333E-07
8,33333E-08

SZIA1O= 5,83333E-07
Minus PV and AV

Part Variation
Appraiser Variation
Interaction

2
jS|A
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Procedure 2: ANOVA, contributions to variation

Appraiser A xofpartat  Appraiser B xofpartat | Appraiser C xofpartat X of part
Part 1 2  appraiser A 1 2 appraiser B 1 2 appraiser C all appraisers
1 6,029 6,030r 6,0295 [6,033 6,032 6,0325 (6,031 6,030 6,0305 6,0309
2 16,019 6,020' 6,0195 [6,020 6,019 6,0195 (6,020 6,020 6,0200 6,0196
3 16,004 6,003r 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 5984 59840 5,9838
5 16,009 6,009r 6,0090 [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 5974 59745 5,9726
7 15,995 5,997F 59960 [5,997 5,996 59965 |5,995 5,994 59945 5,9958
8 16,014 6,018' 6,0160 [6,019 6,015 6,0170 |[6,016 6,015 6,0155 6,0163
9 15,985 5,987F 59860 5,987 5,986 59865 |5,987 5,986 59865 5,9863
10 16,024 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 measurements

X of each appraiser
s?g= 0,000352

Total variation is composed of

Part-to-part variation
Variation between appraisers
Interaction between appraiser and part

Minus variation from PV, AV and I1A

= Measuring equipment variation (“the rest”)

Internal | C/QMM | 2026-01-05

— PV  Part Variation

— AV  Appraiser Variation
= |IA  Interaction

— EV Equipment Variation
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Procedure 2: ANOVA, contributions to variation

Appraiser A xofpartat | Appraiser B xofpartat | Appraiser C xof part at ' X of part

Part 1 2 appraiser A 1 2 appraiser B 1 2  appraiserC all appraisers

1 6,029 6,030' 6,0295 |6,033 6,032 6,0325 |6,031 6,030 6,0305 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 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 5,987' 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
X of each appraiser

« AV =G,y Appraiser Variation
. 1A =G, Interaction GRR=EV? + AV +IA’
« EV - 6,, Equipment Variatiort
« ® GRR =0 Gage Repeatability & Reproducibility

Internal | C/QMM | 2026-01-05 BOSCH
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Procedure 2: ANOVA, contributions to variation

Measurement system is conditic ® AV

Bosch2018—. IA
« EV
« =@ GRR

= Composition of GRR

Internal | C/QMM | 2026-01-05

Variance Standard dev. Confidence level 1 - a. = 95%

Repeatability 0.0000023556 0.0015348 EV: 0.0012799 < 0.0015348 < 0.0019174 | %EV = 15.35%
Reproducibility 0,00000086806 0.00093169 | AV: 0.00035980 < 0.00093169 < 0.006229 | %AV = 9.32%
Interaction pooling pooling IA: < < %lA = -
R&R 0.0000032236 0.0017954 | GRR: 0.0015827 < 0.0017954 < 0.0064169 | %GRR = 17.95%
Part variation 0.00038084 0.019515 PV: 0.0126070 < 0.019515 < 0.036405 | %PV = 195.15%
Total variation 0.00038406 0.019598 TV: 0.020

Test design Reference quantity
Number of trials = Process variation = 0
Number of appraisers = Tolerance = 0.060
Number of parts = 10 Required Cp value =
Resolution %RE = 1.67% _0 ! !
Number of distinct categories (ndc) ndc = 15 ) g |
Repeatability & Reproducibility %GRR = 17.95% ) 1|0 3|0 !
Minimum reference figure f. capable measurem. system Tmin (%GRR) = 0.108
Min. ref. fig. f. conditionally capable measurem. system Tmin @~~~ - N N2Ra

Appraiser Variation

Interaction
Equipment Variatior!
Gage Repeatability & Reproducibility

GRR=VEV2 + AV2 +|A2

BOSCH
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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 =6s = 6 x GRR

= The tolerance is used as a reference value

LSL

LISL

—
B
r |

¥

=N —
o N
e

Relative frequency %)

%GRR =

6-GRR

-100%

| « GRR = sggr

|
|
|
N R
W L 6« GRR
I
|
|
|

Internal | C/QMM | 2026-01-05
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Procedure 2: requirements for %GRR

* %GRR <10% capable
= 10% < %GRR <30%  conditionally capable
* %GRR > 30% not capable
Repeatability & Reproducibility %GRR = 17.95% | 0 1|0 3|0

Internal | C/QMM | 2026-01-05
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rocedure 2: report

Documentation
Run chart of deviations

Measurement results

Statistics and assessment

Internal | C/QMM | 2026-01-05

BOSCH

Procedure 2

Measurement System Analysis

Sheet 1/1

Area MSE3 Operation Mating corpus/needle | Characteristic Corpus diameter
Group/Dptm. MOE7 Machine PAKO 8 Char. No. 1
Workshop/sect. : W450 Machine No. 1004537 Nominal value 6.000
Product Injector Test station JMLO583W004 Lower allowance : -0.030
Part Hole type nozzle | Gage JMLOS63W001 Upper allowance : 0.030
Aticle number 0433171914 Gage No. 6702779430001 Tolerance 0.060
Change status 20.01.2019 Gage Manuf. BaP Unit mm
Resolution 0.001
Comment Manual operation; room temperature 20.2 °C
Standard: Standard No.: Standard/Ref. value:

1 1 ]

Pince Na.  Gperalor
N X2 Xgi Sai Xeit g2 Xgi Sai e Xcz Xgi Sai
1| 6029 | 6030 | 6.0205 | 0.0007 | 6.033 | 6.032 | 6.0325 | 0.0007 | 6.031 | 6.030 | 6.0305 | 0.0007
2 | 6019 | 6.020 [ 6.0195 [ 0.0007 | 6.020 | 6.019 | 6.0195 [ 0.0007 [ 6.020 [ 6.020 | 6.0200 | 0.0000
3 | 6004 | 6.030 | 6.0035 | 0.0007 | 6.007 | 6.007 | 6.007 | 0.0000 [ 6.010 | 6.006 | 6.0080 | 0.0028
4 [ 5982 [ 5982 | 59820 | 0.0000 | 5985 | 5.986 | 5.9855 | 0.0007 | 5984 | 5984 | 5.9840 | 0.0000
5 | 6009 | 6.009 | 6.0090 | 0.0000 | 6.014 | 6014 | 6.014 | 0.0000 | 6.015 | 6.014 | 6.0145 | 0.0007
6 | 5971 | 5972 [ 59715 [ 0.0007 | 5973 | 5972 | 59725 [ 0.0007 [ 5975 | 5974 | 59745 | 0.0007
7 | 5995 | 5997 | 59960 | 0,0014 | 5997 | 5996 | 59965 | 0.0007 | 5995 | 5.994 | 59945 | 0.0007
8 | 6014 | 6018 [ 6.0160 [ 0.0028 | 6.019 | 6015 | 6.017 [ 0.0028 [ 6.016 | 6.015 | 6.0155 | 0.0007
9 | 5985 | 5987 | 59860 | 0,0014 | 5987 | 5986 | 59865 | 0.0007 | 5987 | 5986 | 59865 | 0.0007
10| 6.024 [ 6.028 | 6.0260 | 0.0028 | 6.029 | 6.025 | 6.027 [ 0.0028 | 6.026 | 6.025 | 6.0255 | 0.0007
Variance Standard dev. Confidence level 1 - o = 95%
Repeatability 0 0.0015348 |EV:  0.0012799 < 0.0015348 < 0.0019174 | %EV = 15.35%
ibil 0 0.00093169 | AV:  0.00035080 < 0.00093169 < 0.006220 | %AV =  9.32%
Interaction pooling pooling | IA: < < %IA —
R&R 0 0.0017954 |[GRR: 0.0015827 < 0.0017954 < 0.0064169 | %GRR 17.95%
Part ariation 0.00038084 0.019515 |PV: 00126070 < 0.019515 < 0036405 | %PV = 195.15%
Total variation 0.00038406 0.019598 | TV: 0.020
Test design Reference quantity
Number of trials = 2 Process variation = 0
Number of appraisers = 3 Tolerance = 0.060
Number of parts = 10 Required Cp value =
Resolution %RE = 167% u_;g
Number of distinct categories (ndc) nde = 15 |0—;
Repeatability & Reproducibility %GRR = 17.95% \ﬁlo_—slo—l
Minimum reference figure f. capable measurem. system Tiin (KGRR) - 0108
Min. ref. fig. f. conditionally capable measurem. system Tonerry = 0.0359

Measurement system is conditionally capable (RE, Cg, Cgk)

Bosch 2018

— Procedure 2
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Procedure 2: report

Run chart of deviations

ET 0,002 5! in / / / \ ™
% 0,001 /\V/ i’\\\ Z‘>\\ ’i_ \ / \ Kf\:\\
é 0,000 / / e \7i \\\// 1 K\,j// \k ,/ \1__
'-g_t},[}mE 2/’“& /“'\ = / / \,/\2—_;7 \\/,/\1—_
el 7 Noa NN 7
-0,003? / \ ’fy 5%RF

L G 4 G G £ )  « & O O M O WM m m oo oo O o0 oo 0o oo oo 0o o o0
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

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

Interna || C/QMM | 2026-01-05 BOSCH
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Procedure 2: report

Run chart of deviations

o004t F+H1+—"F+—+H—"F—T—r——F—r— e e e e e e e
] 0,008 -}
] 0,008 ] ' ‘1 o
T 0,003 0 | ‘\ ] 2. FER +R0%RF
] 0,006 ' 4 +10%RF
. 0,006 ~A0%RF - V e
= 7 g 0,008
c 00024 : a1 - ;
£ 00047 |. B ] § 0,006 ] 10%RF
—_ E 1 7 E X 5 =10%
w 000194— £ i =< 2 0002 2 -
o = 0,002 R i
- = 4 g 1 0,004
L 00003 g 12 2 i 3 0000 . _
s T T 0,000 | 1 1 — B 000 AV d . ] -
£ L0 ) ; 5 ominates ; £ oo a
© 1 = 0,002 ? 2 £ o002} § | e
© -0,001 3— 70002 & ] = E 0,000 i
1 v T v
] T 004_1 0,004 E 2 2
-0,0024— EV d 1 t N — . — T o002t
T 1 ominates i Al ¢ |
] 0,008 10%RE -0,006 = W\ 10%RF - X
] 1 -0,004 .
-0,003 — E T oo ‘ 2| - A oo t hRF
] |_IA signific
IRAREEAREREARREERRRERRRERRRAR PITTETTET T P e T i -0,008 Slgnl Ican 10%RF
~ 2 £ £ £ D @D @D o o o - L 4 « 4« m om Mmoo oo o - | [
-~ 0 ®© o oW o® o = -0,008 ] :
Piece No. / Operator — - Piece No. / Operator — TTT T T T T T T T T T T T T IT T
- T 2 2 2 m @ m o o o
. . -— b3 P L=1 m W » N w @
Piece No. / Appraiser — -
Piece No. / Operator—

= Deviation of individual measurement from the mean of all measurements for the relevant part
= Graphical representation of the variation statistics EV, AV und IA

Internal | C/QMM | 2026-01-05 BOSCH
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MSA methods acc to Bosch booklet 10
Procedure 2: report, statistics

Variance Standard dev. Confidence level 1 - a = 95%
Repeatability 0.0000023556 0.0015348 EV: 0.0012799 < 0.0015348 < 0.0019174 | %EV = 15.35%
Reproducibility 0,00000086806 0.00093169 | AV: 0.00035980 < 0.00093169 < 0.006229 | %AV = 9.32%
Interaction pooling pooling IA: < < %IA = -
R&R 0.0000032236 0.0017954 GRR: 0.0015827 < 0.0017954 < 0.0064169 | %GRR = 17.95%
Part variation 0.00038084 0.019515 PV: 0.0126070 < 0.019515 < 0.036405 | %PV = 195.15%
Total variation 0.00038406 0.019598 TV: 0.020
Test design Reference quantity
Number of trials = Process variation = 0
Number of appraisers = Tolerance = 0.060
Number of parts = 10 Required Cp value =
Resolution %RE = 1.67% 0— g |
Number of distinct categories (ndc) ndc = 15 |0 g |
Repeatability & Reproducibility %GRR = 17.95% | ) 1|0 3IO |
Minimum reference figure f. capable measurem. system Tmin (%GRR) = 0.108
Min. ref. fig. f. conditionally capable measurem. system Tmin (%GRR) = 0.0359
Measurement system is conditionally capable (RE, Cq4, Cgk) @

Bosch 2018 — Procedure 2
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Procedure 2: number of distinct categories ndc

= Requirement: ndc >5
1 value category 3 value categories 5 value categories
/\ Minimum requirement for SPC
PV
ndc=1.41—— . 4o
GRR PV (Part Variation)
NN
-
Internal | C/QMM | 2026-01-05 BOSCH
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Flow chart

81

ig. 3

- Start of
measurement process
capability study

MNote:

In casa of an undefined
capability criterion

fi.e. in case of @ one-
sided characteristic

without a natural limit)
the requirements of

—roGadre Gty

by defining the
acceptance criterion for
measurad values

no

by defining the
acceptance criterion for
measured values

yes

T o
Note:

Capability criterion

not yet met

no Linearity test

required?

capability criteria
met?

Nate:
Capability criterion
not yet met

Linearity test
required?

Linearity eriteria yes

Root cause yes

analysis

Linearity criteria

Measures taken?
met?

no

Mote:
Capability criterion
not yet met

met?

no

Nate:
Capability criterion
not yet mat

Appraiser no

[ B T

Internal | C/QMM | 2026-01-05

measurement process

Procedure 2/37
capability criteria
met?

yes

Nate:
Capabilty eriterion
not yet met

End of

capability stud,
Fig. 3

Appraiser
influence
possible?

Procedure 2 Procedure 3
(% GRE) (%GR

Lcmpaar 4.2L> ) Ei‘mpﬁer 43 »

Frocedure 2/3:
capability criteria
met?

no yes

Root cause

. Measures taken?
analysis

Note:
End of Capabilty criterion
measurement process not yet met

capability study
Fig. 3
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Procedure 3: R&R without appraiser influence

R&R = Repeatability and Reproducibility

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 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.

Internal | C/QMM | 2026-01-05
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Procedure 3: R&R 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 repeatability measurable,

— in random sequence, .
, , Parts * Trials > 50
— 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”

Internal | C/QMM | 2026-01-05
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Procedure 3: process

= Documentation

= Measurement series 1
Measure 25 parts in random order

= Measurement series 2
Measure the 25 parts again in random order

= Analysis

= Capability assessment

Fig. 4

Start

Procedure 3

L J

Documentation:
Completely fill in the header
data of the report form

v

Data acquisition
measurement series 1:

25 measuring objecis
in random order

measure

Data acquisition
measurement series 2:
measure again
25 measuring objecis
in random order

by means of software
(in exceptional cases manually
by means of a form sheet)

Evaluation

%GRR < 10%?

Capability criterion met

Capability criterion not met

Internal | C/QMM | 2026-01-05

(

J

C

End
Procedure 3
Fig. 4
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Procedure 3: ANOVA

Appraiser A Appraiser B Appraiser C

n Xa1 | Xa2 Xgj Xs1 | Xsp Xgj Xer o | Xep Xgj Xgn

1 6,029 | 6,030 6,0295 33 | 6,032 8,0 31 | 6,030 8,0 6,03083
2 6,019 | 6,020 6,0195 6,0 | 6019 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 6,0080 6,00617
4 5982 | 5982 59820 5,985 .98 5,9855 5,984 .98 5,9840 5,98383
5 6,009 | 6,009 6,0090 6.014 4 6,0140 6,015 6304 6,0145 6,01250
6 5971 | 5972 50715 5973 97 50725 5975 97 50745 507283
7 5995 | 5997 5,9960 5,097 5,996 5,0965 5,995 5,994 50945 5,99567
8 6,014 | 6,018 6,0160 6,019 | 6,015 170 6.0 | 6015 155 6,01617
9 5985 | 5987 59860 7 | 5986 5, 7 | 5986 59 598633
10 | 6,024 | 6028 6,0260 029 | 6,025 6,027 6026 | 6,025 6.025: 6,02617

|

I Total variation is composed of
2*5 — Part-to-part variation =>PV Part Variation

Vieiadion : " romraisemvariation
| — : I v I :

— Measuring equipment variation (“the rest”) =EV Equipment Variation

85 Internal | C/QMM | 2026-01-05
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rocedure 3: report

BOSCH Measurement System Analysis
Sheet 1/1
Procedure 3
Area MSE3 Operation Mating corpus/needle | Characteristic Corpus diameter
Group/Dptm. MOE7 Machine PAKO 9 Char. No. 1
Workshopisect. : W450 Machine No. 1003521 Norminal value 6.000
w/‘ Injector Test station JMLO583W001 Lower allowance -0.030
Part : Hole type nozzle Gage JMLO563W003 Upper allowance 0.030
. Atticle number 0433 171 914 Gage No. 6702779430004 Tolerance 0.060
D O C u m e n tatl O n Change status 20.01.2019 Gage Manuf. BaP Unit mm
Resolution 0.001
Comment
Standard: Standard No.: Standard/Ref. value:
i xas X2 Xg) Sq) Measurement Values
1 6.029 6.030 6.0295 0.0007
2 | 6019 | 6020 | 6.0195 | 00007 | o -
3 [ 6004 | 6003 | 6.0035 | 0.0007 \\ f
4 5.982 5.982 5.9820 0.0000 5 \ il
5 | 6000 | 6000 | 600%0 | oooo0 | 5777 8]0 108
6 | 5971 | 5972 | 59715 | oooo7 | 25 2|
. . . 7 | 5995 | 5997 | 59960 | 00014 | feoe] Gl 7 14
R h f I I 8 | 6014 | 6018 | 6O {oeese— © 1 4 | 5 |/
u n C ar O I n IVI u a Va u es o | 5985 | 5987 | 59860 | 0.0014 L
10| 6024 | 6028 | 6.0260 | 0.0028 | ¥ F TR I T
11| 6.033 6.032 | 6.0325 | 0.0007 TNfTRe~Ooe2-RRTIR2CR2RANARSE
12| 6020 | 6019 | 6.0195 | 0.0007 st =
13| 6.007 | 6.007 | 6.0070 | 0.0000 Ranges
14| 5985 | 5986 | 59855 | 0.0007 0.0040
| sl eou | cois [sowo [ 0000 00035
16| 5973 | 5972 | 59725 | 0.0007
£ 0.0030
Measurement results 7 soor s | oams oo ]
18 | 6.019 | 6015 | 6.0170 | 0.0028 g““m \
19 5.987 5.9865 5.9865 0.0007 § 0.0020
20[ 6029 [ 6025 | 60270 | 00028 | %015 e RN N A -l j
21| 6017 | 6019 | 60180 | 0.0014 | §
22 6.003 6.001 6.1 —0-0017 o000
| 23+—6009 | 6.012 | 6.0105 | 0.0021 0.0005
L 2 sowr | som | 580 [ oo 00000
PR A S S A S A A
Run chart of ranges &5 ios | oo T sovs T oios EEEERIIIIILL
Variance Standard dev. Confidence level 1 - o = 95%
Repeatability 0.0000021600 | 0.0014697 |EV: _ 0.0011526 < 0.0014697 < 0.0020288 | %EV =  14.70%
R&R 0.0000021600 | 0.0014697 | GRR: _0.0011526 < 0.0014697 < 0.0020288 | %GRR = _ 14.70%
Part variation 0.0003133200 0.017701 PV: 0.0126070 < 0.0177010 < 0.0266200 | %PV = 177.01%
Total variation 0.0003840600 0.017762 TV 0,018
Versuchsplan Reference quantity
Number of trials = 2 Process variation = 0
Number of parts = 25 Tolerance = 0.060
Required Cp value =
o o rResolution %RE = 00167 0-—4
Stat| St| CcS and assess ment T p—— P | ——
Repeatability & Reproducibility %GRR - urm —p——— L T
Minimum reference figure f. capable measurem. system Trnin (4GRR) = 00882
Min. ref. fig. f. conditionally capable measurem. system Toowerny = 00204
Measurement system is conditionally capable (%RE, min, %GRR)
Bosch 2018 — Procedure 3
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Procedure 3: report
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0,00353

— 0,0030 / \ / \ Rur
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Procedure 3: calculate statistics

n A xaz Xg) Sg)
1 5,029 6,030 §,0295 0,0007
2 | 6019 | 6020 | 60195 Measurement
s = results Statistics
< 5,009 5,009 ,0090 0,0000
[ 5,871 5,872 5,9715 Variance Standard dev. Confidence lewvel 1 - a. = 95%
7 5,545 5,597 5 o5 Repeatability 0.0000021600 0.0014697 | EV: 0.0011526 < 0.0014697 < 0.0020288 | %EV = 14.70%
8 6,014 8,018 80180 R&R 0.0000021600 0.0014697 | GRR: 0.0011526 < 0.0014697 < 0.0020288 | %GRR =  14.70%
g 5,985 5,987 5 986( Part variation 0.0003133200 0.017701 PV: 0.0126070 < 0.0177010 < 0.0266200 | %PV = 177.01%
10 5,024 5,028 5,021 Total variation 0.0003840600 0.017762 TV: 0,018
™ 6,033 6,032 §,0329 Versuchsplan Reference quantity
12 | 6,020 5,01% 56,0183 Number of trials = 2 Process variation = 0
13 8,007 8,007 68,0070 Number of parts = 25 Tolerance = 0.060
14 5,585 5,586 59354 Required Cp value =
1: fgl: fgl‘: EE::: Resolution %RE = 0.0167 0- ! |
: st - - I I I
17 5,897 5,996 55959 Number of distinct categories (ndc) ndc = 17 0 5
18 | 8019 6,015 8,017 Repeatability & Reproducibility %GRR = 14.7% |0 1|0 3|0 |
;: 232; z:‘: ::: Minimum reference figure f. capable measurem. system Tmin (%GRR) = 0.0882
= 5017 5019 5018 Min. ref. fig. f. conditionally capable measurem. system Tmin (%GRR) = 0.0294 @
23 8,003 8,001 6,002 Measurement system is conditionally capable (%RE, min, %GRR)
23 G,009 §02 6,0103 Bosch 2018 — Procedure 3
24 5,987 5,987 59870 0,0000
25 | 5008 5,003 ,0045 0,0021

Internal | C/QMM | 2026-01-05
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Flow chart i
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Procedure 5: stability

Systematic
measurement
error at time t,

Distribution of

measured . ((\e\
values attime t; x, 8\
t,
Reference value
thi
Internal | C/QMM | 2026-01-05 BOSCH
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Procedure 5: stability

Objective

» 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

= Areference part (measurement standard, or a stable, possibly modified production part) is
available (see also requirements for the measurement standard used in Procedure 1)

Internal | C/QMM | 2026-01-05
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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).

Internal | C/QMM | 2026-01-05
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Procedure 5: stability

Stability Monitoring
{Procedure 5)

= Conducting
the study
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\
v
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Cause analysis

Cause
determined,
documented, and
emoved?

Measurement
process
not capable

Repetition
of measurement
process analysis
required?

Measurement

process possibly
not capable

End
Stability Monitoring
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MSA methods acc to Bosch booklet 10
Procedure 5: stability chart

A Fil
- 99%[n=3 g 0,1

£,0040 3

£,0030 3

&,0020

i
\ /

tar ¥,

6,0010 3

§,0000 3

0,0030

Compus diameter [mm]
)

0,0020

0,0010

0,0000

s - 99%[n=3; 7, ]

= Calculations as for regular control charts (Bosch Booklet 7 — SPC)

= For details on general calculation of control limits see Bosch Booklet 10 Appendix F
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MSA methods acc to Bosch booklet 10
Procedure 5: stability chart, control limits

Lower control limit (LCL) Upper control limit (UCL)

UCL=xp, +U, S

In

s
LCL=Xp —Up - —=
Jn

LCL, =B, 'S

X -chart (mean values):

s-chart (standard deviations): UCLg =By -8

LCL=x,, —E¢-s UCL=x,, +E& s

Individual value chart:
For xm the following values can be used:
o the reference value of the reference part (stability part) or
e the mean value of a previous test run (see [AIAG MSA], chapter 3, paragraph B).

For s the following values can be used:

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

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

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

Up - Btuns By @nd E't corresponding to the sample size n are taken from the following table for

confidence level 99%. For individual value charts, it must be decided how many measured values are
combined in one group of size n (pseudo-sample). n = 3 is well-established.

Internal | C/QMM | 2026-01-05

n Up ;Eun I’Eob EEE

3 2.58 0.071 2.302 2.935 9 9 0/0
4 2.58 0.155 2.069 3.023

5 2.58 0.227 1.927 3.090
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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

Internal | C/QMM | 2026-01-05
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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
o One control measurement per shift is usually enough
o 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

o 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

Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10
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
o Run

o Trend
o Middle Third

= |f the measurement process is unstable:
« Identify causes; risk analysis: improvement and re-approval
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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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SA methods acc to Bosch booklet 10
rocedures according to booklet 10

Fig. 2

C

Examination of
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“Goiden Rule of Measurement Technology”
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~
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e characterstic under test) avallable?
%) Note: It has o be checked Imperatively f
sultatle measurement equipment can be
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nesessary by USINg 3 modned 26t apProacn)
‘even Hf conslderatyy higher effort |5 required
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procedure 67
no
piTange Tor pencakal Create adequate check-list
process capabillty Procedure 6 Procedure 7
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I'd p— - Chapter 3.1 Chapter 52 cf App. A
capabll - Vv
= capabiltly Agquire morz mp:ra\:em
Bookie!
yes
N - - no Test process
First approval Review of cnaractensic, . ‘Capability criteria met? > X o
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First approval Continuous no Approval Conditional approval Test process with
o A J ; %GRR = 10% oderx = 0,9,
characteristic?
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approval
possible?
—_—
Measurement Test
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(continuous characteristic) (discrete characteristic) N compliance v{nh
—_— requirements
T Fig 3 T Fig 5 P not ensured
e No approval: N~ ~ J
{possib complance with required
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no
¥

L _FM_‘% ( End )
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Flow chart

e Ea o E EE e EE o e e e e e .
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MSA methods acc to Bosch booklet 10
Procedure 6: discretized continuous characteristics

= We are looking for the average width of the grey area near USL and LSL

LSL , USL

not OK " OK not OK

‘] 02 Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10
Procedure 6: discretized continuous characteristics

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

= Requirements

« Areference 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.

Internal | C/QMM | 2026-01-05 BOSCH



TQO038 capab. of measuremt. & test processes

Procedure 6: discretized continuous charac

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.

= | et the parts be checked ...
e ... by 3 appraisers ...
e ... 3times each ...
e ... inrandom order.

= Enter the results in a table.
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MSA methods acc to Bosch booklet 10
Procedure 6: discretized continuous characteristics
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MSA methods acc to Bosch booklet 10
Procedure 6: discretized continuous characteristics

1sn

1871
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Procedure 6: report
[ ]
BOSCH Measurement System Analysis Sheot 111 367
eel -4 f
Procedure 6 (Discrete Char.) 3,66 ® Drawing Values
Area . MSE3 Operation © Grinding inner diam. Characteristic Inner diameter 3,65 —
Group/Dptm. . MOE7 Machine . BOKO3 Char. No. 1 354_' Q (g 5 = USL - 3,63750
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MSA methods acc to Bosch booklet 10
Flow chart
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MSA methods acc to Bosch booklet 10
Procedure 7: discrete characteristics

= Objective
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

» |f appraiser influence is expected: use at least 3 appraisers and 3 test runs each
= |f appraiser influence is not expected: use at least 6 test runs
= Use a random inspection order, and change it for each run

Interna || C/QMM | 2026-01-05
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Procedure 7: discrete characteristics

Analysis

= Assess pairwise agreement of results, using the kappa k 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:

= 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 > k > 0.7: 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
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Betwesn appraizsrs wilhout refarsnce ‘all appraisers againel reference 3 9 wa i s T o lolol ol ool o 0
=i 0.7336 x 0.8392 X H a0 nia 7 T 11117110711
é Gal na 1 1 1 1 1 1 1 1 1 1
@ 42 na (/] a a a o a 4] a (1] a
§ 43 na 1 1 a 1 1 1 1 1 1 a
. ) — ] 44 nla 1 [N EEEENE EEEEN
Total Result Minimum of all results: . i = o 5 T o Toto o T oo oo
Kappa>080: [ capable 070 < Kappa <0.90:  [w z;:m:’“ v Kappa = 0.70: r g::unla e 46 a 1 7 1 7 1 7 1 7 1 1
47 na 1 1 1 1 1 1 1 1 1 1
Comment: none 43 na 0 o|laolojololojolo|la
49 na 1 1 1 1 1 1 1 1 1 1
50 n/a 0 [ 1] [ 0 [ 0 0 0 i}
Dot OZZSE005  Cesament  WO2S Mame  J Q. Public sigrare [ £ Pl

Evaluation categories: 0 - not 0K, 1 - OK

n¥a - not applicable




MSA methods acc to Bosch booklet 10
Procedure 7: discrete characteristics (analysis)

= Pairwise combinations per appraiser

* One appraiser checks one part three times

« Each test result is compared against the other two test results
* Only agreements are counted

f2) . Agreement 1-2,1-3, 2-1, 2-3, 3-1, 3-2 S AXA=6
- Agreement 1-2, 2-1 - AxA=2
 Agreement 2-3, 3-2 - AXA=2
. Agreement 1-2, 1-3, 2-1, 2-3, 3-1, 3-2 S AxA=6

Pairwise combinations are counted according to the same principle

= all appraisers e =
- AxBxC=44

= each test result of each appraiser against the corresp. reference  — A1 xR =0or2

Internal | C/QMM | 2026-01-05 BOSCH
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Number of pair-wise identical combinations per test objecti(i=1, ...
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§
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0 - Not OK
1-0K

discrete characteristics (analysis)
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v
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MSA methods acc to Bosch booklet 10

Procedure 7

BOSCH
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MSA methods acc to Bosch booklet 10

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, ... N,
Categories: 0-NotOK
— <|loaflo|S]E&|E|ElEele]|E| & 2] &
218 Appraiser - Trial = x x 1] * = »® = = = x x x
25|58 < o o x < o 9 - o ® " o "
ol 2 v 9 2 5 R < < < < m m ] o 3] 3]
Flgl< < <dd @ 0G0
1 711 1 1 1 1 1 1 1 1 [§ G i 72 2 2 2 2 2 2 2 2 2
2 "1 1t 1 1 1 1 1 1 1 B G G 72 2 2 2 2 2 2 2 2 2
3 gfo o 0 00O OCOOT@®WD 6 6 G 72 2 2 2 2 2 2 2 2 2
4 0] 0 0 ol i, [ () 6 6 6 72 2 spl— * 2 2 2 2 2 2
S o T T S T nﬁ\ o o e A a \. il A - A
T4 (111 1 1 1 1 1 1 1 1 6 o L8] T2 2 2 2 2 2 — P 2 2
50 fojo o 0 0O OO O 0O O 6 6 6 72 2 2 2 2 2 2 2 2 2
Observed number of pair-wise identical | ,65 | 550 | 260 | 3272 | 100 | 96 | 88 | 100 | 96 | o4 | o6 | 86 | s
combinations n
Possible number of pair-wise identical | 50, | 399 | 300 | 3600 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
combinations N
Observed fraction of pair-wise identical
combinations Pg,, = 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

Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10

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

category n, (k=1, ... N¢)

Number of pair-wise identical combinations per test objecti(i=1, ... Ny
Categories: 0 - Not OK
— <|lolo|S]E|E|ElElE]|E|E|E]E
2|2 Appraiser — Trial = = »® m = = * * * * = *® =
23|S < | m o x " o el sl a2l x|« ?
cells v @ 5 9 s oo < < E < ) i) o o (3} 5
8 g < < < 0 0Dm O o0 o
1 117 1+ 1 1 1 1 1 1 1 [§ 6 [§ 72 2 2 2 2 2 2 2 2 2
2 1T 1+ 1t 1 1t 1 1 1 1 6 6 6 72 2 2 2 2 2 2 2 2 2
3 ojo o 0 0O OO OODODO 6 6 6 72 2 2 2 2 2 2 2 2 2
Observed number of evaluations per 50 47 51 148 32 32 34 32 32 31 32 33 34

Total number of evaluations N

150

150

150

100 L 103 L 99 1302 % 68 1 68 1 66 1 68 1 68 L 69 L 68 L 67 1L 66 |

450 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Observed fraction of evaluations per 0.3333]0.3133| 0.34 Jo0.3289] 032 | 032 | 0.34 | 032 | 0.32 | 0.31 | 0.32 | 0.33 | 0.34
category n, /N (k=1, ... N¢) 0.6667] 0.6867| 0.66 Jo0.6711] 0.68 | 068 | 066 | 0.68 | 068 | 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] 0.5648] 0.5578] 0.5512
evaluations Pg,, = I, (ny/N)

Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10
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 P,
yields the proportion of “observed non-random agreements” Pq,, — P,

« The difference between the expected (random) agreements Py,
and 100% yields the proportion of “possible non-random agreements” 1- Py,

P _P Observed non-random agreements
= Obs Exp

1-Peg Possible non-random agreements

Internal | C/QMM | 2026-01-05 BOSCH



MSA methods acc to Bosch booklet 10

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, ... N
Categories: 0 - Not OK
212 Appraiser — Trial = x x m x x x = x = x x =
25|S < @ 3] x v o @ - o 2 < S «?
prel2ls & @ 5 Q@ 9 5 9 < < < < ) i) o O o 3
2 gl < < m oo oo
1 m1T 11 1t 1 11 11 5 6 6 72 2 2 2 2 2 2 2 2 2
2111t vt 1111111 6 6 6 72 2 2 2 2 2 2 2 2 2
3 J0jJo 0 0 000 O0COD® O i 6 6 72 2 2 2 2 2 2 2 2 2
4 1010 0 0 el 0 0 6 6 6 72 2 e —] 2 2 2 2 2 2
000D0DO0 D U= g G 2 2 e ) 2 ! > 2
4499111t 111 1 1 1 1 1) 6 6 6 | 72 | 2 2 2 2 2 2 2 2 2
50 JoJjo 0 0D O OOODUO 5 6 6 72 2 2 2 2 2 2 2 2 2
Observed fraction of pair-wise identical
combinations Pgp, = 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
— — e e ——
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] 0.5648] 0.5578]0.5512
evaluations Pg,, = I, (ny/N)
Pops — 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)

Internal | C/QMM | 2026-01-05
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MSA methods acc to Bosch booklet 10
Procedure 7: discrete characteristics (analysis)

= The smallest kappa
value determines the
overall result

Internal | C/QMM | 2026-01-05

Number of pair-wise identical combinations per test objecti(i=1, ... Ny
Categories: 0 -Not OK
— <] ao]o S E|lE|EE|e|E]|E| 2|8
;‘2' g Appraiser — Trial x x x (1] x x x x * x x x *
25|S < | o o x ol R "y o - o °:'
relglz ¥ 2z 3 25 R < < < < @ 4] o o o 1)
e "4 I B 0
Pobs _PExp
Kappa: S-p._ ° F 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
~ NExp
Kappa: Each appraiser against 0.8802 0.9226 0.7747
reference (mean values)
Kappa: All appraisers against
reference (mean value)
3 s> ® Sz o
Appraiser name £ s |T22 &G 2 1 TE22| 25
> ~ E v B -] = E ‘g v 8 T = &
0 |(Kappa)| ~ vl B v 8 (Kappa)| | e v 8
|8 - c 3 u = e 8 = c 8 =<5
= & c =8 =
= =
Miller A | 0.7600 X 0.6802 X
Smith B 008451 X 0.9226 X
King c I 0.7029 X 0.7747 X
I Between apprrisers without reference All appr‘iisem against reference
all o ?936'](—' | x| 0 85920 X
Total Result 7Minirnl|m nf all raznlt=- Kappa = 0.7029
conditionally not
Kappa > 0.90: | capable 0.70 < Kappa < 0.90: |w Kappa < 0.70:
pPPaz P = Rapp capable PP A capable

BOSCH



MSA methods acc to Bosch booklet 10
Procedure 7: discrete characteristics

Internal | C/QMM | 2026-01-05

) BOSCH

Quality Management

Test Process Analysis
Procedure 7

Product / Test Object
Product Housing

Part Caver
Part/DrawingMNo: A 111 859 222

Revision: 05/02/29/2009

Characteristic Me
Cesignazon: Surface quality Lo
Caractestc N 15 =
Test

I continuous Characteristic s
Noming Ve nia D=
cait

Upperlmit  nia o]
Mz
Lowerlmlt nfa et
Tolerance: nia

unit: nia

I« Discrets Characteristic

| 1

@& BOSCH

Quality Management

Test Process Analysis

Procedure 7

Record No.:
9911015
Sheet 1 of

Product / Test Object
Product: Housing
Part: Cover

Characteristic

Designation:

Characteristic No.:

Surface quality

15

Measuring & Test Equipment
XxP/W000999

Location:

Test/ Measuring
Station:
Test/ Measuring

Visual inspection

- — Part/Drawing No.: A 111 999 222 " Continuous Characteristic Equi . 123 456 789
Test Method: Visual inspection, manuslly, roem temperature 20.2°C, fight in‘en. quipment No.: B p Ir
o . . o oundary samples
o — Evaination Catagoris: | REVision: 05 /02/29/2009 Nominal Value: //a Designation: cataloque
Numiber of reference pans Mo 50 0 - NetOK o Calibration
S w - P Upper Limit.  /1/a Certificate No.: n/a
::z:v;::::;; : Lower Limit: na Measurement wa
Test Data: Ses sheat 2 ff Uncertzinty:
Analysis Tolerance: n/a
‘Within appraiser withaut raference | )
. = 5 e . Unit: n/a
Appraiser name El « g,: v E § E T |
& | apea| 3§ £3 = ~: b= v Discrete Characteristic
BT o > |Test Method: Visual inspection, manually, room temperature 20.2°C, light intensity 250 cd (Candela)
c | o.7oz29 X 07
Test Scenario Evaluation Categories
. S e L | Number of reference parts No = 50 0 - MNotOK
2l . 7931 .8
Number of appraisers Ny = 1 - OK
Total Result Minimum of all results: Number of trials per appraiser NT =
Kappazpa: [ capanie oroswappa<nan @ B Ry mber of evaluation categories Ne =
[Comment: nong
Test Data: See sheet 2 ff
Date: 02/23/2008  Department wozs Name: J. Q. Public Signe

Analysis

BOSCH



MSA methods acc to Bosch booklet 10

Procedure 7: discrete characteristics

Internal | C/QMM | 2026-01-05

) BOSCH

Quality Management

Test Process Analysis
Procedure 7

Test Data:

See sheet 2 ff

Product | Test Object Characteristic Measu Ana|y5I 5
Product Housing Deslgnaion; Surface quality Locaron;
Par Cover et ;15 el ithin appraiser without reference ach appraiser against reference
Telrue With thout refi Each t ref
Par/DrawingMo. A 111 389 222 I continuous Charactariatic ;;T;::,
-— = =
Resion: 05/ 02/29/2009 Noming Ve nia Desgnat) _8 o= o = ]
Calbea - © =T o = o =@ o =
Upperlrit s gt Appraiser name £ e 25 |veEs| BE® - €5 |vea| Ba
Lowerlmlt  pia Mezsurer ) < 8 8 g— e 8 L ¥ 3 g. v 3
Uncarian @ |(Kappa)| ~ s k- v (Kappa)| ~l k=1 i
Toierance: nia 4 = £ 3 u ‘6 1% 8 = £ S "] E
~ 8 = ~ 8 c
unit: na = =
¥ Dizcrets Characteristic —
Test Method:  Visusi inspestion, manually, ream femperature 20.25C, fight intenaity Miller A | 0.7600 X 0.8802 x
Smf'rh| B | 0.8451 X 0.9226 X
Test Scenario Evaluation Categories
Kumber of reference pars My 50 0 - NetOK Kf’ng C 107029 X 0.7747 X
Kumber of appralses Ma 3 i - OK
Kumber of ials per appralser Mo 3
Kumber of evaluation categanes M 2
Test Data: See sheet 2 fF
[Analysis
‘Within appraiser without raference. Each
- _ Between appraisers without reference All appraisers against reference
3 5z "
& ppraiser name = 8 |9 '§§ 23 .
&|wea| 3§ |598) T8 [ima] Jar 0.7936 X 0.8592 %
S B 2
| Miller A | 0.7600 X 0.8202
B | 0.8451 b 4 0.9226
c | o.7oz29 ) 4 0.7747
Total Result Minimum of all results: | Kappa = 0.7029
Belwsan appraissrs without refarence Alla conditionall T
07536 X 0859 Kappa>0.80: [~ capable 0.70 <Kappa<090: [v y Kappa < 0.70: — no
capable capable
Comment: none
Total Result Minimum of all results:
Kappaz 030 [ capabie 0.70 £ Kappa < 0.30; I E’D;:::“’"F
[Comment: nong
. ) f g 4 f;
Date: 02/28/2009  Department: Wwozs Name: J. Q. Public Signature: o 2 Ve
Date: 02/29/2009  Deparment wozs Name: J. @. Fublic Signature - —

BOSCH



MSA methods acc to Bosch booklet 10
Procedure 6 & 7: stability or repetition?

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 a 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

Internal | C/QMM | 2026-01-05
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Assessment of non-capable measurement and test processes
Non-capable measurement or test processes

easurement process yes
optimization possible?
no

S N
Y Appendix A >

Optimize measurement A
process

ore accurate yes
measurement equipment
possible?

Acquire more accurate A
measurement equipment

Appendix A >

no
Adaption of tolerance yes
possible?

no

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

Conditional
approval
possible?

—_ N
— Appendix A >

Review of characteristic,
tolerance, measurement |/
process

Measurement
uncertainty study
(Booklet 8, VDA 5, GUM

Y Booklet 8

Internal | C/QMM | 2026-01-05

Observe sequence in Booklet 10:

= Optimize measurement processes

Measuring equipment, standards
Measurement procedure, strategy
Environmental conditions

Object of measurement
Appraisers, instructions

= Purchase more precise measuring system

= | ook at characteristic, tolerance, and
measurement process

BOSCH



Assessment of non-capable measurement and test processes
Non-capable measurement or test processes

Internal | C/QMM | 2026-01-05

) BOSCH

Quality Management

Assessment of Non-capable
Measurement & Test Processes |, .,

Measuring Equipment
Location: WwoT|

|Characteristic
Wessiring |

|Measurement Standard

~=_ 71 1. Capability indices of procedures 1 —4 and 6 - 7
Ressltiar 0 Check the applicable result for each procedure (n/a — procedure not applicable / not used)
o 2
E g g 'g conditionally capable not capable
[&]
1 1.20 < Cg <1.33 X 0.80 = Cg < 1.20 Cg <0.80
2 10% < %GRR < 20% 20% < %GRR < 30% %GRR > 30%
3 X 10% < %GRR < 20% 20% < %GRR < 30% %GRR > 30%
4 X | 1.20 = MIN(Cg) <1.33 0.80 = MIN(C ) <1.20 MIN(C o) < 0.80
4wsa) | X utside te contience s
5 X
ey e 2 6 X 10% < %GRR < 20% 20% < %GRR < 30% %GRR > 30%
' 7 X 0.8 <kK<09 0.7 < k<08 K<0.7
Key figure 1 1 2 7

Highest key figure achieved is relevant

B
according to FMEA

Key figure 3

Description of
failure implication

L. O

. ]

. [

-

Outer diameter is too large, component group mus! be scrapped, increased failure costs

BOSCH



Assessment of non-capable measurement and test processes
Non-capable measurement or test processes

) BOSCH| Assessment of Non-capable | " |
Quality o I ——
mesurng enment || 2. EXternal relevance of failures (implication for customer)
Location: wozs
Sesignatn nessremen | EValuation according to design and process FMEA (see booklet 14; CDQO03035; divisional & plant specific regulations)
EQETERtNO:  LX 0815 P1 . moderarEHij
Recdutor oot mm f CONSequences none insignificant serious very serious
——— I (1T to marginal .
1. Capability indices of p EO sSerous
R E B-assessment
A . 1 2-4 5-8 9-10
AN according to FMEA
1 1.20
2 10% < .
—= — || Key figure 2 1 2 3 X 7
[3 x| rao=
pyTeny b Description of Outer diameter is too large, component group cannot be used in the vehicle;
* X1 +— failure implication 0 km complaint
7 X 0.
Key figure 1 3. Internal relevance of failures (implication for Bosch)
Highest key fgure achisved iz refe
— valuauon accoraing to design and process / See Dooklet 14; ;s aivisiona plant specimc regulations
2 Exemalwlevanceof | § - Evaluali ding to design and FMEA (see booklet 14; CDQ0305; divisional & plant specilfi lations)
Consequenses e moderately
for client Consequences insignificant , .
B \ none . serious very serfous
e EMEA for Bosch to marginal to serious
Key figure 2
Description of B-assessment
failure implication . 7’ 2 - 4 5 - 8 g - 10
3. Internal relevance of fi accordlng to FMEA
Evaluation according to dezign an
Consequences Key figure 3 1 2 3 X 7
B-assessment
according to FMEA Descri t|on of . . i )
Key figure 3 P Outer diameter is too large, component group must be scrapped, increased failure costs

failure implication

Description of
failure implicati

Internal | C/QMM | 2026-01-05 BOSCH




Assessment of non-capable measurement and test processes

Non-capable measurement or test processes

) BOSCH

Quality Management

Assessment of Non-capable
Measurement & Test Processes

Shest

(Measuring Equipment Characteristic

J— ; Mezsuring
Location: wozs beuryoricr Shaft
Designation tdeasurement sensor | Crawing No. 1460320000

- . ; Desigrason of

Equipmen No. LX 0615 F1 e irt

Resclution: 0.001 mm Kol Vale:
Torance 0.060 mm

Measurement S1
Dssgnatin P

Equpmenite: L
Referance Value
X

Uncenanyu, 0

1. Capability indices of procedures 1 —4and 6 -7

Check the applicable resuit for each pracedure (/s — procedure et appleabie f nat uzed)

Description of
failure implication

S % 2 ff‘ conditionally capable not ¢
@ o
1 120 Cy <133 | x| 080sC, <120
2 10% < %GRA = 20% 20% < %GAR < 30% | X
3 |x 10% < %GRA = 20% 20% < %GAR < 30%
4 x | 1.20 < MINGS ) < 1.33 0.80 < MIN(C ) < 1.20
4 sy | X ursee s
s |x
s |x 10% < %GRR < 20% 20% < %GRR < 30% %GRA >
7 |x 08 k<09 07 k<08 k<0
Key figure 1 1 2 X 7
izhest i = achieved s reievant
2. External of failures (i ication for )
Evaluation according to design and proces: FMEA (see booklet 14; CDOUIOS; divisional & plant specitc reguiation
Consequences ~
for client fans
et e PHEA i -t 8
Key figure 2 1 I_ 2 |_ 3 'T

the veh

3. Internal relevance of failures (implication for Bosch)

Evalustion acearding to design and procesz EMEA (see baaklet 14, CDODIDS. i

Consequances ificant

for Bosch frans

B-assessment
according to FMEA.

Key figure 3

Description of
failure implication

Internal | C/QMM | 2026-01-05

Resord No.: 1

Y Record No.:

© BOSCH Assessment of Non-capable
. 9911015

Quality Management Measurement & Test Processes sheet 2 of 2
4. Result of assessment and measures

Product of key figures: 2 X 3 x 3 = I 18 I

Key figure 1 Key figure 2 Key figure 3 Key figure of assessment

Result Decision Measures Responsible Due Date

1-2 Conditional release Optimize measuring system (prevent from manual inflvence) Mr. ABC 10/30/2009
Periodical check-up for possible process Repeat MSA according to procedure 1 Mr. ABC 10/30/2009
improvement.

3-6 Conditional release Optimize measuring system (prevent from manuval influence) Mr. ABC 10/30/2009
Periodical check-up for possible process Repeat MSA according to procedure 1 Mr. ABC 10/30/2009
improvement. Proof of effectiveness of the L .
measures in order to avoid failure effects Safeguard characteristic by additional test XXX ... Mr. DEF 11/30/2009
(customer complaints).

=T X |No release Define a new measuring method ... Mr. ABC 10/30/2009
The functionality of the charac’terlisti-.: must be Acquire more precise measurement equipment ... Ms. X¥YZ 11/30/2009
ensured by means of a capable indirect test. If
external failure implications cannot be ruled out, |Repeat MSA according to procedure ... Mr. DEF 12/10/2009
arrangements are established together with the | safeguard characteristic by additional test XXX ... Mr. DEF 16/1/2009
development department which is in charge for
the product. The customer has to be informed.

5. Approval (according to in-plant directives)

Person in charge Date: 9/15/2009 Department:
Head of_department: Date: 9162009 Department:
Production [
Head. of department: Date: Q172009 Department:
Quality management -
Head of department: Date: 9/18/2009 Department:

Development

XyPAW025 Mame: Amann
XyP/MOE Mame: Bemann
XyPrQMM MName: Cefrau

GE/EXY MName: Demann

Signature:

Signature:

Signature:

Signature:

Awarr

e

Cofue

Lewarr

© Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation, reproduction, edifing, distribution, as well as in the event of applications for industrial property rights.
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Causes of non-capable measurement systems
Non-capable measurement or test processes

Systematic offset (relevant for procedure 1):

A systematic offset means there is a gap between -
the specified reference-value and the mean measured
value of the reference part. g — : S

aaaaaaaaa

values

Possible causes could be: Measurements 1-50

= Check the calibration of your measurement system — compensate a systematic offset
» Check setup/ filter of the measurement system

= Has the reference part picked out correctly. Is it undamaged and ok?

= |s there some kind of mechanical offset due to damage or mal-adjustment?

Same measurement position on the part has to be ensured for all measurements
(stable condition of master part)

Internal | C/QMM | 2026-01-05
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Causes of non-capable measurement systems
Non-capable measurement or test processes

Possible causes for a random variance of the measurements:

« Parts variance in MSA study: unstable measuring position vs. unstable .
characteristic (e.g., diameter influenced by roundness dev.) => assure h i— -‘MWW

same measuring position in each run (position marks, check the fixture /
stabilize positioning) or assure stable characteristic C i e i om i e e

= |nstable part: Characteristic not stably measurable; Characteristic deforms during measurement
e.g., rubber parts or filigree parts = choose an alternative measurement position (more stable

geometry element), reduce measuring forces (increase contact surface between part and device),
use a reference part of stable material

= Clamping influence: Check deformation of the parts during positioning — Adjust clamping
concept, pressure and/or position

Relevant for procedure 1, 2, 3, 4, 5.

If the causes have been eliminated for procedure 1 ->

= Eliminate disturbances as vibrations, draughts, contamination, etc. not expected during performing other procedure.
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Causes of non-capable measurement systems
Non-capable measurement or test processes

Possible causes for a non-random variance: (Outlier, shift, temp. offset):

Important: Identify if the variation is due to the parts or to the IMT equipment!

= Parts are not fixed correctly (e.g. clamping force, orientation etc), not ensuring the repeated
measurement position on the part

= Variance changes / shifts over time (continuously or suddenly) -> "& | | ’

e.g., Temperature effect, changes in the measuring conditions

wwwwwwwwww

= Stable measurement conditions of the part ensured -> e.g., Humidity ""
for conditioning of plastic parts o BE—

= Eliminate disturbances as vibrations, draughts, contamination, etc.
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Causes of non-capable measurement systems
Non-capable measurement or test processes: example

Sliding coating thickness on sleeve (1/2)

Trial Measurement variation %GRR Findings and Actions
Random measurement 15 1 . 1
ore . ore - 10§ S . .
position in repetitions M1-M3 o8t i : A onnr Non-capable process with high
Eood 2 / WX 1 A—A | D7) 2 . e } .
< ) i T |3 v AV AN i | oo 44% yarlatlon > exclude par.ts variation
) 103 2| o in MSA study by repeating exact
— -154 oy
ﬁ e e oo wooo0600000 position for measurement runs
Teile Nr. / Profe i L

Repeated measurement : s

o . . 1,04 A 2 | . . .
position with new clamping s ; e Reduction of variance by 27% - still
e , = SR ) .
So0d Z |y A ~ P LA A 3 non-capable -> trial runs without
—r 053+ 5%RF : :
N b Wi . = new clamping to analyze clamping
-1,04 .
e aacooob 00000 influence
‘_’ - Teile Nr. / Prafer — g fa
Repeated measurement ——
position without new 1 i N Reduction of variance by 77% -
clamping § ool [l e e A GRR capable -> clamping has high
02] 2 ==\ 9,95% influence on result/variation ->
. — S analyze coating homogeneity in cut
C L € € € €« <« €« <« < 0O ODOODOO®OOoo 0 0O 00O 000 0o

mmmmmmmmmmmmmmmmmmmmmmmmmm to understand

Teile Nr. / Profer —
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Causes of non-capable measurement systems
Non-capable measurement or test processes: example

Sliding coating thickness on sleeve (2/2)

Tolerance= 20t 5un

200 pm

Bild 10 Tolerance= 201 5un

BildID: 2938_20-134

Teil 4.2
Mantelflache unten

200 um

Bild 12
BildID: 2938_20-136

Teil 4.2
Mantelflache oben

« Extremely instable coating thickness: in 0,6mm area, coating thickness variation by 50% of the tolerance

« Measurement strategy and tolerance not suitable for coating distribution
« Redefine area specific coating thickness and define measurement procedure as mean of 3 -5

measurements of defined measurement position
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THANK YOU!
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