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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance afe
describefd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance. with the
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may\be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the Tntroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms and
expressipns related to conformity assessment, as well as jnfermation about ISO's adherence to
the Worlld Trade Organization (WTO) principles in the echnical Barriers to Trade (TBT), sge
www.isd.org/iso/foreword.html.

This doqument was prepared by Technical Committeé, ISO/TC 69, Applications of statistical methods,
Subcomrnittee SC 4, Applications of statistical methodsin product and process management.

Alist of 3ll parts in the ISO 11462 series can befound on the ISO website.

Any feedback or questions on this documentishould be directed to the user’s national standards body.|A
completg listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The test examples were developed for the assessment of systems performing a measurement system
analysis (MSA). They allow MSA software developers to evaluate their systems. Thus, the end user of
those systems can be sure that the data sets are evaluated correctly with a high level of reliability.
In order to cover as wide a spectrum as possible, suitable data sets were prepared individually for
various constellations. The evaluation results of those data sets are documented and commented on
the following pages.

—]

€ results were verified multiple times using different computer programs. This turns the {lata sets
nd the results into references for validation of the software. The data sets are listed inthe related
lauses of this document or can be accessed via https://standards.iso.org/iso/tr/11462/~4/ed-| /en.

[2I"]
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Guidelines for implementation of statistical process
control (SPC) —

Part 4:
Reference data sets for measurement process analysis

software validation

e

Scope

This document describes examples for software validation for software implementing the standards of
140 22514-7 on the capability of measurement processes. In detail, the following standards are|covered:

—+ SO 22514-7.

[fprovides data sets and test results for testing the implementation ofthe evaluation methods described
i) these standards. This includes:

a) the calculation of standard uncertainties from other,seurces (other than experiments -|type B -
ISO/IEC Guide 98-3);

b) the estimation of uncertainty components usingrepeated measurements on reference parts;

c] the estimation of uncertainty components using repeated measurements on multiple pqrts with
different operators and their evaluation using the ANOVA method;

d) the combination of uncertainty components using the Gaussian law of uncertainty propagation;
e] the calculation of measurementprocess capability indices;

f] the influence of operators,on attributive measurements;

the uncertainty range and capability indices for attributive measurements.

The test examples are)intended to cover the calculation of the measuring system capabjlity and
njeasurement procesScapability according to ISO 22514-7.

2| Normative references

The follewing documents are referred to in the text in such a way that some or all of their content
cpnstitutes requirements of this document. For dated references, only the edition cited applies. For
uhdated references, the latest edition of the referenced document (including any amendmentsj) applies.

[SO 22514-2, Statistical methods in process management — Capability and performance — Part 2: Process
capability and performance of time-dependent process models

3 Terms and definitions, and symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 22514-2 apply.

©1S0 2022 - All rights reserved 1
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.2 Symbols and abbreviated terms

Symbols used in this standard are identical to symbols used in ISO 22514-7.

Qattr
QMP
Qms

QMS_max

half width of a distribution of possible values of input quantity
maximal form deviation

significance level

bias

capability index for attributive measurement

measurement process capability index

measuring system capability index

average interval

interval from the last reference value, for which all'operators have assessed the result as
unsatisfied to the first reference value, for which all operators have the result as approved

interval from the last reference value, for . which all operators have assessed the result gs
approved to the first reference value, for@which all operators have the result as unsatisfied

residuals

number of repeatability measurements
coverage factor

coverage factor fromrthe calibration certificate
lower specificationlimit

measured length

the number of subgroups

maximum permissible error (of the measuring system) (MPE-value)

frequencies in Bowker-test

number of standards

sample size of each subgroup

attributive measurement process capability ratio
measurement process capability ratio

measuring system capability ratio

capability ratio limit for measuring system

© IS0 2022 - All rights reserved
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analysis

5is of the

Qmp max  capability ratio limit for measurement process

Rg resolution of measuring system

o sample standard deviation

T temperature

U upper specification limit

AL uncertainty on the calibration of standards

ul, standard uncertainty on the coefficient of expansion

Uhy standard uncertainty from the operator’s repeatability

ug; standard uncertainty from the measurement bias

UpaL calibration standard uncertainty on a standard

uty standard uncertainty from maximum value of repeatability)or resolution

7] standard uncertainty from repeatability on standards

Ukvo standard uncertainty from repeatability on testparts

uty standard uncertainty from reproducibility ofithe measuring system

Ufpi standard uncertainty from interactions

uf N standard uncertainty from linearjty of the measuring system

Ulpg standard uncertainty calculated based on maximum permissible error

Ulis.rest  combined standard uncentainty from other influence components not included in the
of the measuring system

Uppg) standard uncertainty from test part inhomogeneity

Ubg standard uncertainty from resolution of measuring system

UREST standarduncertainty from other influence components not included in the analy
measitément process

UETAR standard uncertainty from the stability of measuring system

ug standard uncertainty from temperature

up & standard uncertainty from temperature expansion coefficients

Urp standard uncertainty from temperature difference between workpiece and measuring system

Uyiir expanded measurement uncertainty on an attributive measurement

Ugter combined standard uncertainty of attributive measuring

Uys expanded measurement uncertainty of the measuring system

Uyps combined standard uncertainty on measuring system

Upp expanded measurement uncertainty of the measurement process

© IS0 2022 - All rights reserved
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Upp combined standard uncertainty on measurement process

Upnix standard uncertainty from effect of spindle clamping

Upa standard uncertainty from resolution

URg standard uncertainty from repeatability

X; ith reference quantity value

XU reference quantity value of the standard (master) at the upper specitication limit
Xmm reference quantity value of the standard (master) in the centre of the specification
Xml reference quantity value of the standard (master) at the lower specification limit
X arithmetic mean of the conventional true values

Y; jth measurement value

y arithmetic mean of the measured values

3.3 Abhbreviated terms

ANOVA | analysis of variance
MSA measurement systems analysis

MPE maximum permissible error

4 Overview of the test examples

4.1 Overview

For an oyerview of the test examples see Table 1.

Table 1 — List of the test data sets

Test .
datasdt | Sub- | Character- | Decimal Description of data set Source/ Refer
clause | istiCs'type | points ence
numbdr
All uncertainty components mentioned in the
. 22514-7 are covered. Combination of type A IS0 22514-7
1 51 |variable 2 and type B evaluation, including Linearity + additions
and GRR studies

Test on influence of operators based on ex-
perimental data

2 £ Adtail biyn 1€ 22014 7
ro.xy=| 7Yccr roacrve T O ZZoTT7

Calculation of uncertainty range and capabil-
3 5.3 |Attributive --- (6) |ity of the attributive measurement process ISO 22514-7
based on experimental data

Measurement process capability with three
reference standards

4 54 |Variable 4 Linearity study, GRR with ANOVA

VDA 5
Multiple uncertainty components: resolu-
tion, calibration, repeatability, linearity, bias,

operators, part-interaction

4 © IS0 2022 - All rights reserved
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Table 1 (continued)

Test
data set
number

Sub-
clause

Character-
istics type

Decimal
points

Description of data set

Source/ Refer-
ence

Variable

Measurement process capability of a CMM
Repeatability and bias with one standard

Multiple uncertainty components: resolu-
tion, calibration, repeatability, linearity, bias,

VDA 5 and
ISO 15530-3

temperature

Variable

Measurement process capability of automat-
ed test device

Multiple measurements on one standards and
10 parts

Multiple uncertainty components: reselu*
tion, calibration, repeatability, linearity, bias,
MPE(gauge)

VOA 5

Variable

Measurement process capability of a multi-
ple-point measuring instrument

GRR with ANOVA

Multiple uncertainty components: resolution,
calibration, repeatability, linearity, bias, MPE
(sensor), reproducibility, part-interaction,
temperatureyerror of temperature compen-
sation

VOA5

42 Notes

4{2.2 Note on outlier detection

2.3

Note on-eapability indices

4/2.1 Notes on the accuracy of the testexamples and results

Cppability indices are always givenwith two digits (rounded).

[l are based on the ratio of the specification interval and the measurement uncertainty.
kpansion factors and limit values vary. In this standard only the capability indices accqrding to
1§0.22514-7 are used.

4
There are various different capability indices given in the relevant different standards and gyidelines.
Al
e

Ehch test data set was tested for outliers using Grubbs’ test for outliers (according to ISO 5725-2) with a
ldvel of significance of(T\% and no outliers were detected.

Only the

4.2.4 Note on the model of the measurement and correlations

Although ISO/IEC Guide 98-3 provides the possibility of including non-linear models and correlations
between input quantities, correlations and non-linearities are not covered by the ISO 22514-7.
Therefore, only a linear model with sensitivity coefficients of one for every input quantity as well as no
correlations are considered in this standard and its examples.

4.2.5 Note on other reference data sets

ISO/TR 12888 provides multiple examples especially for the case of GRR studiesl2l.

© IS0 2022 - All rights reserved
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4.2.6 Note on systematic errors

According to ISO/IEC Guide 98-3 any systematic error is compensated and the uncertainty of the
systematic error is included into the measurement budget and is part of the combined uncertainty.

5 Reference data sets description and evaluation

5.1 Testdata set 1 - example of linearity study with at least three standards
5.1.1 Testdata set1 - information
Test datq set for ISO 22514-7 capability of measurement processes with a linearity and ANOVA study.
This example has been taken from ISO 22514-7:2021, Annex A (the data originally come frem IS0 11095).
The uncdrtainties arising from the object and the temperature were added.
5.1.2 Test data set 1 - data, calculations and results
5.1.2.1 | Calculation of the measuring system capability
5.1.2.1.1 Components of type B which are not taken into account by experiments
Resolutipn
The uncdrtainty component caused by resolution is ugg =0,00144 um .
The uncprtainty component ugg is much smaller than ugyp, see behind Table 4. Therefore, the
compongnt ugg is not used.
Object
The makimum expected error due to.the clamping of the part during the measurement fs
dogy =0,0015 pm.
The uncgrtainty component is therefare:

Uppj =a\(/)i =0,000866 um

3

Calibratjon
It is assumed according to the calibration certificate that the calibration uncertainty ug,;, is 0,005 pnp.
5.1.2.1.4 Components of Type A which are derived from a linearity study with at least 3
standar(ls

An experiment is carried out on an imaging system (an optical microscope with a measuring device).
The data listed in Table 2 are measured values and true values of intervals in the range of 0,5 pm to

12 pm.

Table 2 — Values from repeated measurements on reference materials

Conventional true values x, of

Values y,; from K = 4 repeatability measurements on N = 10 reference
materials

the 10 reference materials
Yn1 Yn2 Yn3 Yn4
6,19 6,31 6,27 6,31 6,28
9,17 9,27 9,21 9,34 9,23

© IS0 2022 - All rights reserved
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Table 2 (continued)

. Values y,; from K = 4 repeatability measurements on N = 10 reference
Conventional true values x,, of materials
the 10 reference materials
Yn1 Yn2 Yn3 Yn4
1,99 2,21 2,19 2,22 2,20
7,77 8,00 7,81 7,95 7,84
4,00 4,27 4,15 4,15 4,15
10,77 1093 10,73 1092 10,89
4,78 495 4,87 5,00 5,00
2,99 3,24 3,17 3,21 3,21
6,98 7,14 7,07 7,18 7,20
9,98 10,23 10,02 10,07 1017
Dita in Table 2 are plotted in Figure 1.
Y
11 F X
- X
10 | £
9 F X
8 F
r X
7F ¥
- x
6
5 %
4 F
3F
3 4 5 6 7 8 9 10 11 X
Key
X| reference value (um)
Y| measured value (um)

Figure 1 — Plot of measured and true values

5.1.2.1.3 Calculation of means and residuals
For each reference material the mean value y, , the bias B;, and the residuals e, to e, are calculated.

See Table 3 for the calculated values.

©1S0 2022 - All rights reserved 7
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Table 3 — Calculation of means and residuals

Conventional true | Mean values Residuals
values x, of the 10 _ By
reference materials In €n1 €n2 €n3 €ny4
6,19 6,292 5 0,102 5 0,017 5 -0,022 5 0,017 5 -0,0125
9,17 9,262 5 0,092 5 0,007 5 -0,0525 0,077 5 -0,0325
1,99 2,2050 0,2150 0,005 0 -0,0150 0,0150 -0,0050
7,77 79000 0,1300 0,1000 -0,090 0 0,050 0 -0,0600
4,00 4,180 0 0,1800 0,090 0 -0,0300 -0,0300 -0,0300
10,77 10,867 5 0,097 5 0,062 5 -0,137 5 0,052 5 0,02255
4,78 49550 0,1750 -0,0050 -0,0850 0,0450 0,045 0
2,99 3,207 5 0,217 5 0,0325 -0,0375 0,002 5 0,002 5
6,98 7,147 5 0,167 5 -0,007 5 -0,077 5 0,032 5 0,052 5
9,98 10,1225 0,142 5 0,107 5 -0,102 5 -0,052.5 0,047 5
Data in Tlable 3 are plotted in Figure 2.
Y
0,3 |-
- ¢
0,25|
C e -
02 | \\2 : 3
- t ¢ . .
015 = A i ¢ l 3 i
0,1 ; 2 Py P 3 3
0,05|F 1 : .
S I . . Py
0 |E
-0,05|F S
N T T T s T T Y Y O Y
2 4 6 7 8 10 1 X
Key
X value of refererce-part
Y bias
1 mean bias-over all reference parts
2 uncettainty from linearity
L g individual error
. mean bias of the reference part

Figure 2 — Plot of deviations and conventional true values

5.1.2.1.4 ANOVA table

Given values:

N=10
K=4

Number of standards (Factor A)

Number of repeatability measurements

© IS0 2022 - All rights reserved
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Calculated values:

B_i =0,152 Arithmetic mean of all biases.

The components are calculated by an ANOVA, see Table 4.

Table 4 — ANOVA table

ISO/TR 11462-4:2022(E)

Sum of | Degrees of Mean Estimated | Teststa- | Critical Esti
. . stimator
Source squares freedom squares variance tistic value
SS % MS A F F, o
Hactor A 0,077 39 9 0,008 599 0,001121 2,089 6 2,2107 0,038 4809
Hesidual error | 0,123 45 30 0,004 115 0,004 115 0,064 148 3
Total 0,200 84 39 --

5{1.2.1.5 Estimation of uncertainty components
Eptimated uncertainties from Table 4 and mean bias:
uncertainty due to bias Ugy = Bi =0,08776
BI — T — Y%
3
uncertainty due to linearity Uy =0, =0,03348

uncertainty due to repeatability on references  Upyp = Opps = 0,064 15

9]}

1.2.1.6 Determination of the combined and.expanded uncertainty

The uncertainty components of the measuring system are listed in Table 5 where the

=

_[2 2 2 2
Ups —\/UCAL +Ugyr TULIN T Up]

ttandard

hcertainty of the measuring system is calculated as the Euclidian distance of the following components:

Because upp << ugyy the standard uncertainty of the resolution uggis excluded from the calcylation of
uMS .
Table 5 — Uncertainty budget of the measuring system
u
Uncertainty component Symbol Type Remark Rank
um
Hesolution(of the measuring system Upg B (0,001 44) <<UgyR 5
(alibration uncertainty UCAL B 0,005 00 4
Repeatability on reference standard UgVR A 0,064 15 2
Uncertainty from linearity Uy N A 0,033 48 3
Uncertainty from Bias Ug, A 0,087 76 1
Measuring system Uy 0,113 85
The combined uncertainty of the measuring system: uyg =0,114 um
and the expanded uncertainty: Uyg =0,228 pm.
©1S0 2022 - All rights reserved 9
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5.1.2.2 Experimental determination of the measurement process uncertainty

In addition to the estimated uncertainty components from the measuring system found in Table 4, it
can be useful to determine some additional uncertainty components (ugyg,upy,Usi) from the

measurement process by the evaluation of the results from this process under the real conditions. In
this example (estimation of uncertainty components from different operators, repeatability and
interaction between operators) the following data are collected, see Table 6.

Table 6 — ANOVA test data set in pm

Part Operator 1 Operator 2 Operator 3
Measure- | Measure- | Measure- | Measure- | Measure- | Measure- | Measure- | Measure- | Measurq-
no. ment 1 ment 2 ment 3 ment 1 ment 2 ment 3 ment 1 ment 2 ment 3
1 8,120 8,435 8,480 8,200 8,290 8,245 8,525 8,435 8,345
2 7,445 6,815 7,490 7,300 7,120 7,075 7,535 7,355 7,085
3 9,965 10,010 9,560 9,660 9,340 9,250 9,830 9,695 9,515
4 6,140 5,960 6,365 6,095 6,185 6,185 6,140 6,140 6,050
5 5,690 5,600 5,780 5,080 5,340 5,440 5,780 5,735 5,555
6 2,855 2,450 2,585 2,315 2,585 2,315 2,630 2,360 2,585
7 10,685 10,595 10,775 10,450 10,840 11,050 10,865 11,000 11,180
8 6,725 6,275 6,545 6,240 6,120 6,300 6,590 6,500 6,725
9 4,970 5,105 5,510 5,015 5,285 5,450 5,060 5,195 5,105
10 9,875 10,100 9,875 10,080 9,800 9,970 10,190 9,785 9,965
From thg measurements in Table 6 the following analysis:éfvariance table can be calculated, see Table(7.
Table 7 — ANOVA table
Degrees of| Sum of Mean Estimated . Test sta- Critical
freedom | squares Square variance Uncertainty tistic value
Unceiftainty q 4
complonent ~ — Fy
2
v 55 Ms i U =+\0; F a=5%
Operatot] 0,5191 0,259 5 0,007 38 0,08591 6,810 3,150
Part to phrt 526,8775 | 58,5419 | 6,500 43 n/a 1 536,234 2,040
Interaction be-
tween ¢perator 18 0,6859 0,0381 0,002 05 0,045 29 1,193 1,778
and part
Reprodutibility 60 1,917 3 0,0320 0,031 95 0,178 76
Since the¢ interaction between operator and part is not significant (F < F;) pooling is used. Then|a
modified vatiance table can be developed there, see Table 8
Table 8 — Modified ANOVA table
Degrees of| Sum of Mean Estimated . Test sta- Critical
freedom | squares Square variance Uncertainty tistic value
Uncertainty q q
component ~, — Fy
v SS MS o] u; :+.lgiz F w5
Operator 0,519 06 0,259 53 0,007 54 0,086 82 7,776 3,114
Part to part 526,877 50| 58,54194 | 6,50095 n/a 1 754,088 2,002
Reproducibility 78 2,603 22 0,033 37 0,033 37 0,182 69
10 © IS0 2022 - All rights reserved
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The uncertainty components of the measurement process are then found:

sy =0,086 82 m

Temperature

The length of the objectis I=10um.

The maximum temperature difference is 67 =0,1K.

The average temperature during the measurementis T=21°C.

The expansion coefficient is o = 11,5-10_6 k1.

The uncertainty of « is u, =11,5-10_7 K1

The uncertainty from temperature differences uyp is utp = % <0,000006 64 um .
|T—20°C| u, 4

—3

he uncertainty on expansion coefficients is up, = =0,000006 64 um.

\3
he influence from temperature is therefore up =+/upp > +@p% > =0,00000939 um.

—3

Table 9 — Uncertainty budget of the measurement process

Uncertainty component Symbol Type ul:n Remark Rank
Resolution of the measuring system URg B (0,001 4) <<Ugyo 7
(alibration uncertainty UcaL B 0,0050 6
Hepeatability on reference standard UgyR A (0,064 1) << Ugyo 4
Uncertainty from linearity U IN A 0,0335 5
Uncertainty from Bias Ug| A 0,087 8 2
Heproducibility of operators Upy A 0,086 8 3
Repeatability on test parts Ugyo A 0,182 7 1
Uncertainty from-initeractions Upa A pooling --
Ihhomogeneity<f measurand Uop) B 0,0009 8
Temperature Ut B 0,0000 9
l\heasurement process Upp 0,2231

T Ao N A b gy A both cat +
IC \'UIIIPULLLIILO MSIAB arru o II"oCtl

a-0
lavanvn

UREST &t e

The uncertainty components of the measurement process are given in Table 9 where the standard
uncertainty of the measurement process is calculated as the Euclidian distance of the following
components:

_[2 2 2 2 2 2 2
Ump —\/UCAL +upN +upy TUpy tUgyo +Uop) TUT

The combined uncertainty of the measurement process: uyp =0,223 um

and the expanded uncertainty: Uyp =0,446 um .
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5.1.2.2.1 Assessing the capability of measuring system and the measurement process
With the specification interval: U-L=(11-2)pm=9um.

The capability ratios are:

2.U :
%Qums = MS 1000p=2 0227 700m Jonoc 5 104
U-L (11-2)um
o QP09 9 2 LA TIN50, 550,

U-L (11-2)pm
The capgbility indices are:

0,2-(U~L) 0,2-(11-2)um
Cus U-1)_02:(1-2)um _, o
2-k-uys  2-2-0,11385um

0,4-(U-L) 0,4-(11-2)pm
CMP — = :4‘,03
2-k-uyp  2-2-0,22307 um

The calcpilated statistics are listed in Table 10.

Table 10 — Uncertainty and capability for test data set 1

Measuring system Measurement process
Specificdtion interval U-L 900 um U-L 9,00 um
Combinefd standard uncertainty Uyms 0,114 pm Upp 0,228 pm
Expandef measurement uncertainty Uus 0,223 pm Uup 0,446 um
Capabilitly ratio %Qums 51% %Qup 9,9 %
Capabilitly index Ciis 3,95 Cmp 4,03

5.2 Test data set 2 - attribute medsurement process - operator influence (ISO 22514-7

5.2.1 Testdata set 2 - information

Test datq set for attributive measurement processes without reference values. Only the influence
differeny operators is deterfmined. The example was taken from [SO 22514-7:2021, 12.2.

5.2.2 Test data set 2~ data, calculations and results

Typically at least40 different test parts are tested 3 times by 2 different operators, called A and B.

Each of the 420 different measurement results on the 40 parts, which the operator A or operator B h:

achieved, isTassigned to one of the following three classes.

bf

LS

— Class 1: all three test results on the same part gave the result “good”;
— Class 2: the three test results on the same part gave different results;
— Class 3: all three test results on the same part gave the result “bad”.

The test results are given in Table 11.

12 © IS0 2022 - All rights reserved
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Table 11 — Test result from an attribute measurement process

Frequency Operator B
Class 1 Class 2 Class 3
n:.
) Result ‘“+++ Different results Result ‘- - -
Class 1
7 3 1
Result ‘“+++
Class 2
ﬂpr—\rnrm‘ A 10 4 7
Different results
Class 3
2 1 5
Result - - -’

he two operators in Table 11 are tested using a Bowker-Test of symmetry. If there are no si
fferences between operators, the resulting frequencies in Table 10 are suffigietitly symmetn
pspect to main diagonal. The hypothesis Hy:my;=m (i,j = 1, ..., 3 with i # j)'says that the fre

o -

I’

1 and m;; which lies symmetrical with respect to the main diagonal aré\identical.

—3

pst statistic

=Y

i>ju

(5 =mi)* _ (10-3)2

ny; +n;; 10+3

2-1)2
21
2+1

(17

=8,603
1+7

—

S
e
SY

compared to (1-o) fractile in the )(2 distribution.with 3 degrees of freedom. The null hy
st states that changes from one category to amother are random in nature. The hypot
ymmetry is rejected on the level if the test value is greater than the (1-o) fractile in
stribution with 3 degrees of freedom. In this case, the hypothesis is rejected because the ¢

(o9

(9]}

.3 Test data set 3 - attributivé-measurements - capability calculations using ref
alues - calculation of the uneertainty range (ISO 22514-7)

<

9]}

3.1 Testdata set 3 - information

—3

bst data set for attributive measurement processes. Capability calculations using referenc
cluding the calculation of the uncertainty range.

—

I

3.2 Test data set 3 - data, calculations and results

his methed is based on signal detections and therefore requires workpieces with known 1
vhaluessWhen about 25 % of the workpieces is at or close to the lower specification limit and
the Workpleces is at or close to the upper spec1f1cat10n limit, the area of risk around the speg

hlue 8,603 is greater than the value 7,815 which is the 95 % fractile of the 2 (3) distribution.

bnificant
ical with
quencies

pothesis
hesis on

the ;(2
hlculated

ference

e values

eference
25 % of
ification

ivhich an

operator is unable to make an unamblguous dec151on Flgure 2 illustrates the test results of an attribute

measurement process obtained from a set of reference values.
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Part No. 1 Part Descr. MSA Third Edition
Char. No. 1 Char. Descr. Attribute Study
n Ref. 1 XAl XA2 XA3 XB1 XB2 XB3 XC1 XC2 XC3

25 0,599581 - —_ —_ — — —_ — — — ©

48 0,587893 — — — — —_ —_ — — —_ ©

3 0,576459 - —_ —_ —_ —_ —_ —_ —_ —_ ©

5 0,570360 — — — — — —_ — — —_ ©

Last test with 42 | 0,566575 - - - - - —_ —_ —_ — ©

agreement 4 0,566152 — — — — — — — — — ©
30]0561857 =TT = TT= T TS T T =TT =

12 0,559918 - —_ — —_ —_ — — + —_ e

26 0,547204 - + —_ —_ —_ —_ —_ —_ + I

220545604  — — + — + — + + - &

First tfstwith 6 | 0,544951 F F = F F = F = -5

agreemer]t again 36| 0,543077 _ +  _+ = . _+ + +. - + B

13 | 0,542704 + + + + + + + + + %

18 | 0,531939 + + + + + + + + + ©

23 | 0,529065 + + + + + + + + + ©

29 |0,523754 + + + + + + + + + ©

28 | 0,521642 + + + + + + + + + ©

19 10520469  + + + + + + + + + O

17 | 0,519694 + + + + + + + + + ©

15 | 0,517377 + + + + + + + + + ©

10 | 0,515573 + + + + + + + + + ©

24 | 0,514192 + + + + + + + + + ©

41 | 0513779 + + + + + + + + + ©

2 0,509015 + + + + + + + + + ©

32 | 0,505850 + + + + + + + + + ©

31 | 0,503091 + + + + + + + + + ©

27 | 0,502436 + + + + + + + + + ©

8 0,502295 + + + + + + + + + ©

40 | 0,501132 + + + + + + + + + ©

35 | 0,496696 + + + + + + + + + ©

46 | 0,493441 + + + + + + + + + ©

11 | 0,483803 + + + + 4+ + + + + ©

38 | 0,488184 + + + + + + + + + ©

33 |0,487613 + + + + + + + + + ©

47 | 0,486379 + + + + + + + + + ©

18 | 0,484167 + + + + + + + + + ©

49 | 0,483803 + + + + + + + + + ©

20 | 0,477236 + + + + + + + + + ©

Last tgst with 1 0,476901 + + + + + + + + + ©

agr¢ement 44 |0,470832 + _+ L+ 4+ _+ + +. + . + O

7 0,465454 + + + + + + + - + =)

43| 0,462410 + - + + + + + + - 8

14| 0,454518 + + - + + + + - - &

21 | 0,452310 + + — + - + - + - 8

First tgst with 34 | 0,449696 _ - _-  + = = + - + + 8
agreemer|tagain _ 50 | 0,446697 < = — - i il - — — %

9 0,437817 — — — — — —_ —_ — — )

39 0,427687 —_ —_ — —_ —_ —_ —_ —_ _ )

45 0,412453 —_ —_ — — —_ —_ — — — )

37 0,409238 —_ —_ — —_ —_ —_ —_ _ —_ ©

Figure 3 — Test data set
Symbols
In Figur¢ 3-the reference measurement values are introduced in the form of a code. A green plus sign

means that the operator has indicated the result from the test piece as approved. A grey minus sign
means that the operator has indicated the result from the test piece as not approved. A green smiley
means that all three operators have indicated the result from the test piece as approved or rejected in
all three tests, and that this assessment is consistent with the reference value. A red smiley indicates
a case where at least one of the operators has come to a test result, which is not consistent with the
reference value.

Steps for the calculation of the capability index:
Step 1:

Sort the table according to the measured reference size. In Figure 2, a sorting in descending order is
made - from the highest reference value descending to the lowest reference value.
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Step 2:

Select the last reference value for which all operators have assessed all the results as being

unsatisfactory (not approved). This is the transition from symbol “-” to symbol “X".

0,566 152 mm -
0,561 457 mm X
Step 3:
Stlect the first reference value for which all operators the first time assessed all results beingjapproved.
This is the transition from symbol “X” to the symbol “+”.
0,543 077 mm
0,542 704 mm +
Step 4:
Select the last reference value for which all operators last time asséssed all the results fas being

“,n

approved. This is the transition from the “+” symbol to the symbol “X*,
0,470 832 mm +
0,465 454 mm X
Step 5:
Select the first reference value for which every operator has again first assessed all the r
upsatisfactory (not approved). This is the transition from symbol “X” to the symbol “-”.
0,449 696 mm X
0,446 697 mm -
Step 6:
Cplculate the dyg interval from. the last reference value, for which all operators have asse

r¢sult as unsatisfied (not approved) to the first reference value, for which all operators have t
b approved.

o)

dyr =(0,566152=0,542704) mm =0,023 448 mm

ep 7

hlculatethe'd; p interval from the last reference value, for which all operators have assessed {]

5 appreved to the first reference value, and for which all operators have the result as unsatig
bproved).

QL O W

bsults as

ssed the
he result

he result
fied (not

dig =(0,470832—-0,446 697) mm=0,024 135 mm

Step 8:

Calculate the average “d” of the two intervals:

_Gur +dig _(0,023448+0,024135) mm

=0,0237915 mm
2 2

Step 9:

© IS0 2022 - All rights reserved
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Calculate the uncertainty range and capability ratio/ index:

d .
Uit 25:0,01190mm:11,90um

U
Uy = azf” =0,00595mm = 5,95um

0 _Z'Uattr 1nn0/_0'0237915mm 10004 —22 7Q0/
/OQa.tr TOI 70 TOI-70 =57 70
U-L 0,1 mm
where U-L=0,1 mm
0,2-(U-L ,2-0,1
_02.(U-L)_ 0,2:0,1mm 168

C = =
M 2k-ugy,  2-2-0,00595mm

Table 12|shows the uncertainty and capability statistics.

Table 12 — Uncertainty and capability for test data'set 3

Specification interval U-L 100,00 pm
Measurement uncertainty Uiy 5,95 um
Expanded measurement uncertainty Usdr 11,90 um
Capability ratio %Qattr 23,79 %
Capability index Cottr 1,68

5.4 Test data set 4 - measurement process capability with three reference standards

(VDA 5)

5.4.1 Testdata set4 - information

Test data set for the Measurement Process Capability using 3 reference standards. The example was

taken fr¢m the VDA 5, 2d edition and\the data are listed in Table 13.

5.4.2 Test data set 4 - data;calculations and results

An instrpment measuring.boltholes requires that the capability of the measurement process for inside
diameteys is evaluated@and documented. Uncertainties from test part or the temperature are regardqd

as negligible and are'not considered in the evaluation.

Table13 — Information about measuring system and measurement process

Information about measuring system and measurement process

Nominal dimension 30,000 mm
Upper specification limit U 30,008 mm
Lower specification limit L 30,003 mm
Resolution of the measuring system R (1 digit=0,000 1 mm) 0,1 pm
Calibration uncertainty Uy, 0,026 pm
Coverage factor k¢pp. 2
Linearity 0
Reference quantity value of the standard at the upper specification limit x, 30,007 6 mm
Reference quantity value of the standard in the centre of the specification x,,, 30,005 0 mm

16 © IS0 2022 -
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Information about measuring system and measurement process
Reference quantity value of the standard at the lower specification limit x,, 30,002 5 mm
Capability ratio limit measuring system Qus max 15 %
Capability ratio limit measurement process Qup max 30 %

5.4.2.1 Test data set 4 - evaluating the capability of measuring system

If order to determine the standard uncertainties from repeatability on standards-ahd from

measurement bias, an experiment was conducted performing 10 repeated measurements o each of
three reference standards. The reference values and measuring results are listed in Table.14.
Table 14 — Reference value and measurement values
Dimensions in millimetres
Standard 1 Standard 2 Standarfd 3
Heference value 30,007 6 30,0050 30,002(5
l\lleasurement value 1 30,007 5 30,0050 30,002(5
l\lleasurement value 2 30,007 5 30,0051 30,0024
l\IIeasurement value 3 30,007 7 30,0051 30,0024
l\lleasurement value 4 30,007 5 30,0050 30,002(3
l\lleasurement value 5 30,007 6 30,005 2 30,002(5
l\lleasurement value 6 30,007 6 30,0051 30,0024
l\lleasurement value 7 30,0076 30,0050 30,002(3
l\IIeasurement value 8 30,0075 30,0051 30,002(3
l\lleasurement value 9 30,007 6 30,0051 30,002}4
l\lleasurement value 10 30,007 6 30,005 2 30,002|4
The information about the measuring system and the measured quantity values gainefl in the
ekperiment leads to the followingwhcertainty budget and overview of results, see Table 15.
Table. 15 — Uncertainty budget of the measuring system
u
Uncertainty,component Symbol Type Remark Rank

pm
Hesolution of the\measuring system Upg B (0,03) <<Ugyr
(alibration.uncertainty Ucar, B 0,01 4
Hepeatability on reference standard URVR A 0,07
Uncértainty from linearity UpIN B -
Uneertainty-from Bias tgr A 0,06 2
Measuring system Uyps 0,10
where

2 2 2
Uvs = \/ UcaL TUgyR +Up]

The calculated uncertainty and capability statistics are given in Table 16.
© IS0 2022 - All rights reserved 17
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Table 16 — Results of the measuring system

Specification interval U-L 5,00 um
Combined standard uncertainty Uys 0,10 um
Expanded measurement uncertainty Uys 0,20 um
Capability ratio %Qus 7,86 %
Capability index Cus 2,55
Due to a percentage resolution O/nl?lj 0of 200 9% and a rnpnhi]ify ratio 0/,\QMD of 786 % the mpnhiliry f
the meaguring system of the instrument measuring boltholes is confirmed. After the capability of the
measuring system is confirmed, the measurement process is analysed.
5.4.2.2 | Test data set 4 - analysing the measurement process
The opdgrator influence, the repeatability on test parts and their interactionspare determingd
experimgntally under operational conditions. In this experiment, 2 repeated measurements are
performed on each of 10 test parts by 3 operators. For the measured values, see /Table 17.
Table 17 — Measurement values
Dimensions in millimetres
Operator A Operator B Operator C
Trial 1 Trial 2 Trial 1 Trial2 Trial 1 Trial 2
1 30,005 4 30,0055 30,0057 30,005 8 30,0058 30,0057
2 30,0056 30,0058 30,0059 30,005 4 30,0057 30,0058
3 30,0053 30,005 4 30,0055 30,0055 30,0056 30,0059
4 30,0041 30,004 2 30,004.3 30,004 4 30,004 5 30,004 2
5 30,0051 30,0053 30,0055 30,004 9 30,005 2 30,004 9
6 30,0050 30,005 2 30,005 4 30,0055 30,0055 30,0053
7 30,0049 30,0050 30,0049 30,0052 30,0051 30,0051
8 30,0056 30,0056 30,0057 30,0059 30,0058 30,0057
9 30,005 4 30,0055 30,0056 30,0057 30,005 4 30,0056
10 30,0058 30,005 8 30,0059 30,0061 30,0057 30,006 1
Based oh the recorded meéasured quantity values, the individual standard uncertainties can he

determifped and allocated’hy using the method of ANOVA, see Table 18.

Table118 — ANOVA table (without the non-significant interaction term)

Degrees Sum of Estimated . Test sta- | Critical
of free- squares Mean Square variance Uncertainty tistic value
Uncer(llainty dom 9
comp hent F()
~, —
v 55 MS % U =+0; * F a=5%
Operator 2 3,423-107 | 1,712-1077 | 7,420-10°° | 8,614-107° 7,519 3,191
Part to part 9 1,191- 107> 1,324-107° 2,169-1077 n/a 58,157 2,082
Reproducibility 48 1,093-10° | 2,276-108 | 2,276-107 | 1,509.107*

This leads to the following uncertainty budget and overview of results for the measurement process,

see Table 19. The standard uncertainty of the measurement process is uyp = \/uéAL +uél +ufw +uév0 :

18
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Table 19 — Uncertainty budget of the measurement process

c

= -

=

Uncertainty component Symbol Type u Remark Rank
um
Resolution of the measuring system Upg B (0,03) <<Ugyo 5
Calibration uncertainty Ucal, B 0,01 6
Repeatability on reference standard URVR A (0,07) << Ugyo 3
Uncertainty from linearity UL IN B
Uncertainty from Bias ug; A 0,06 4
Reproducibility of operators Upy 0,09
Repeatability on test parts Ugvo 0,15 1
Uncertainty from interactions Upa pooling
Measurement Process Upp 0,19
Table 20 — Results (measurement process)

Combined standard uncertainty Unp 0,19 pm

Expanded measurement uncertainty Uvp 0,37 um

Capability ratio %Qump 14,83 %

Capability index Cmp 2,70

Focess is given in Table 21.

Table 21 —Mncertainty and capability for test data set 4

e to a capability ratio Qyp of 14,83 % in case of a-process capability ratio limit Qyp 1.y [of 30 %,
e capability of the measurement process of the instrument measuring boltholes is confirmed. For
hcertainty and capability statistics see Table 20.

he combined list of the uncertainty and-¢apability statistics for measuring system and measuring

Measuring system Measurement Prog¢ess
Specification interval U-L 5,00 um U-L 5,00 um
(Jombined standard uneertainty Uys 0,10 pm Upp 0,1p um
Hxpanded measuremeént uncertainty Uyms 0,20 pm Unp 0,3/ um
(apability ratio %Qus 7,86 % %Qpp 14,83 %
(apability index Cms 2,55 Cump 2,70

W Ul

)

L5  Test data set 5 - Measurement Process Capability of a CMM (VDA 5 and ISO 15530-

5.5.1 Testdata set5 - information

The test data set is taken from the ISO 15530-3:2011, Annex A. The test data set is for the evaluation of
the measurement process capability of a CMM including an uncertainty budget.

© IS0 2022 - All rights reserved
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5.5.2 Test data set 5 - data, calculations and results

\
/] 90,05|A-B]| (]

14| 90,05 | A-B | D |

I gTa]

®150 +0,02

(4]

Measuring the inside diameter of a pump housing (see Figuré 4) on a reference standard by using
coordingte measuring machine requires that the capability’ of the measurement process is evaluate

o]

Figure 4 — Technical drawing of a pump housing (simplified)

and docymented. The basic data for this test example are'given in Table 22.

Table 22 — Information about measuring system and measurement process

Information about measuring system and measurement process

Nominal|dimension 150,00 mm
Upper splecification limit U 150,02 mm
Lower sgecification limit L 149,98 mm
Resoluti¢gn of the measuring system R (1 digit=0,000 1 mm) 0,1 pm
Reference quantity value of thestandard Iy.¢ 150,001 5 mm
Calibratipn uncertainty Udyf 2 pm
Coveragg factor kg, 2
Linearity 0
Capabilitly ratio timit measuring system Qs max 15 %
Standard unCertainty from expansion coefficients of the test part u,opg; 1-10-6/K
Mean terhpefature of the measurement process—Typ 22 °C
Value displayed by measuring system Iy 150,00 mm
Capability ratio limit measurement process Qup max 30 %

5.5.2.1 Test data set5 - evaluating the capability of measuring system

In order to determine the standard uncertainties from repeatability on standards and from
measurement bias, 20 repeated measurements were performed on a reference standard. Since the

linearity deviation is zero, the linearity can be neglected. For measured values see Table 23.

20
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Dimensions in millimetres

Value Value
1 150,003 7 11 150,002 1
2 150,004 3 12 150,002 4
3 150,003 0 13 150,002 4
4 150,002 1 14 150,003 0
5 +56-663-3 +5 +56-:663+
6 150,003 9 16 150,003 4
7 150,003 2 17 150,002 2
8 150,002 7 18 150,002 0
9 150,002 5 19 150,001 8
10 150,003 2 20 150,003'Q

—

he arithmetic mean of the measurements is x =150,002 865 mm

—3

he absolute value of the bias is:

|X —Ipef| =[150,002 865 mm —150,001 5 mm|=0,001365 mm

The standard uncertainty due to bias is:

¥ —Iee| _ 0,001365mm
BI \/5 \/g

he standard uncertainty of repeatability on Feference standard is:

u

=0,000788 mm~ 0,79 um

—3

Ugyr =S =0,000677 67 mm = 0, 68m

—3

he information about the measuring system and the measured quantity values gaine
kperiment lead to the following uncertainty budget and overview of results, see Table 24.

D

Table 24 — Uncertainty components of the measuring system

d in the

u
Uncertainty component Symbol Type Remark Rank
pum
Hesolution of themeasuring system URE B (0,03) <<Ugyr 4
(alibratiefi uncertainty UCAL B 1,00
Hepeatability on reference standard UgyR A 0,68 3
Uncertainty from linearity U N B — —
Uncertainty from Bias g A 0,79 2
Measuring system Uys 1,44
The calculated statistics are listed in Table 25.
Table 25 — Results for the measuring system
Specification interval U-L 40,00 um
Combined standard uncertainty Uys 1,44 pm
Expanded measurement uncertainty Ups 2,88 pm
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Table 25 (continued)

Capability ratio %Qus 14,42 %
Capability index Cums 1,39

Due to a percentage resolution %Ry of 0,25 % and a capability ratio %Q),s of 14,42 %, the capability of
the measuring system of the CMM is confirmed.

5.5.2.2 Test data set 5 - analysing the measurement process

Since thg measurement process capability only refers to one reference standard and a CMM_dog¢s
not involve a classical operator influence, the uncertainty from temperature is considered forithjs
measurement process as described in ISO 15530-3.

up =|Tvp —20[XUg0p) X v

u

T x1-10° 1 /Kx 150 mm = 0,000300 mm = 0,30 um

|22°c —-20°C

This leads to the following uncertainty budget and overview of results for:the measurement proceg
see Tabl¢ 26.

«

Table 26 — Uncertainty budget of the measurement process

Uncertainty component Symbol Type ul:n Remark Rank

Resolutign of the measuring system Upg B (0,03) <<UgyR 5
Calibratipn uncertainty UGAL B 1,00 1
Repeatability on reference standard UEVR A 0,68 3
Uncertaipty from linearity U N B -- --
Uncertaipty from Bias Ugy A 0,79

Uncertaipty from temperature Ut 0,30 4
Measurement Process Upp 1,47

The statistics derived from that components are shown in Table 27.

Table 27 — Results (measurement process)

Combined standard uncertainty Unp 1,47 pm
Expanded measurement uncertainty Upp 2,95 pm
Capability ratio %0Qymp 14,73 %
Capability index Cyvp 2,72

Due to a capability ratio %Qyp of 14,73 % in case of a process capability ratio limit %Qyp 1.y 0f 30 %,
the measurement process capability of the CMM for measuring the inside diameter on a reference
standard is confirmed.

The combined list of the uncertainty and capability statistics for measuring system and measuring
process is given in Table 28.

Table 28 — Uncertainty and capability for test data set 5

Measuring system Measurement process

Specification interval U-L 40,00 um U-1L 40,00 um
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Table 28 (continued)
Measuring system Measurement process
Combined standard uncertainty Upts 1,44 pm Uygp 1,47 pm
Expanded measurement uncertainty Unss 2,88 um Upip 2,95 um
Capability ratio %Qus 14,42 % %Qup 14,73 %
Capability index Cus 1,39 Cup 2,72

9]}

6.1 Test data set 6 - information

» 3

9]

bpsic data of this example are given in Table 29.

6.2 Test data set 6 - data, calculations and results

5|6 Test data set 6 - measurement process capability of automated test device

bst data set is for the evaluation of the measurement process capability of an automated test
complete uncertainty budget without the influence of an operator.

Table 29 — Information about measuring system and measurement process

based on

The measurement process capability of automated test device mustb¢evaluated and documented. The

Information about measuring system.and measurement process

Nominal dimension 53,01 mm
Upper specification limit U 53,03 mm
Hower specification limit L 52,99 mm
Hesolution of the measuring system R (1 digit=0,000 1 mm) 0,5 um
(alibration uncertainty Uy, 1,6 pm
(overage factor k¢4,

linearity u; ;y (from preliminary investigation)

fl.ax of dial gauge (MPE) 1,2 um
Reference quantity value ofstandard 53,010 5 mrp
(apability ratio limit of measuring system Qs yax 15 %
Uncertainty from tenipeérature without correction 0,000 519 mm
Uncertainty due to,temperature during set-up 0,001 759 mm
Delta temperature of working standard at 20 °C 10°C
(Japabilitydratio limit measurement process Qup ax 30 %

© IS0 2022 - All rights reserved
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1
/
Key
1 distance - measured at system level
Figure 5 — Measuring system level
5.6.2.1 | Test data set 6 - evaluating the capability of measuring system
In ordef to determine the standard uncertainties from repeatdbility on standards and from
measurement bias, 25 repeated measurements were performed\on the reference standard, using
the meaguring system shown in Figure 5. For the measuremént'results see Table 30. A preliminary
investiggtion did not detect any linearity deviations, so lineakity is not necessary to be considered.
Table 30 — Measurement values
Dimensions in millimetre¢s
Value Value Value

1 53,0110 11 53,0105 21 53,0110

2 53,0110 12 53,0120 22 53,0110

3 53,0115 13 53,0110 23 53,0110

4 53,0110 14 53,0110 24 53,0115

5 53,0105 15 53,0110 25 53,0110

6 53,0105 16 53,0105 26 53,0110

7 53,0110 17 53,0115

8 53,011 0 18 53,0110

9 53,011 0 19 53,0105

10 53,0110 20 53,0105
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The arithmetic mean of the measurements is:

x=53,01098077 mm

The absolute value of the bias is:

|X —Ipet| =|53,010980 77 mm 53,010 5 mm|=0,000 481 mm

The standard uncertainty due to bias is:

ISO/TR 11462-4:2022(E)

[% — Ieg| _ 0,000481 mm

—

Uy =S =0,000360021mm = 0,36 um

R;  0,0005mm

RE- 2.3 2.43

u

—

~ Jfmax _ 0,0012mm

u =
REST \/5 \/5

@ =

The standard uncertainty due to the resolution is:
=0,00014mm= 0,14 pm
he standard uncertainty due to f ., of the dial gauge ist

=0,000692 mm =®©; 69 pm

=0,00028 mm = 0,28 um

he standard uncertainty of Repeatability on reference standard is:

he information about the measuring systém and the measured quantity values gaine
kperiment lead to the following uncertainty budget and overview of results, see Table 31.

Table 31 — UncCertainty budget of the measuring system

d in the

u
Uncertainty component Symbol Type Remark Rank
pum
Hesolution of the measuring system Upg B (0,14) < Ugyp 5
(alibration uncertainty UCAL B 0,80 1
Hepeatability on réference standard UgyR A 0,36 3
Uncertainty frominearity U N B --
Uncertaintyffom Bias Ug| A 0,28 4
fl..x of dial gauge (MPE) UREST1 B 0,69
Nleasuring system Uys 1,15
L
The uncertainty and capability statistics for this example are listed in Table 32.
Table 32 — Results of the measuring system
Specification interval U-L 40,00 pm
Combined standard uncertainty Upis 1,15 pm
Expanded measurement uncertainty Unms 2,30 pm
Capability ratio %Qums 11,52 %
Capability index Cums 1,74
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Due to a percentage resolution %Ry of 1,25 % and a capability ratio %Qys of 11,52 %, the measuring

system capability of the automated measuring equipment is confirmed.

5.6.2.2 Test data set 6 - analysing the measurement process

After observing the measuring system, the measurement process of the automated test device is
analysed. In an experiment, 2 repeated measurements are performed on each of 10 test parts, for

measured values see Table 33.

oLl 2N A -
1dUIT 00 — NMITASUI CTIIITIILS

Dimensions in millimetf

S

1 2 3 4 5 6 7 8 9

10

Trial 1|{30,011 0| 30,0115 | 30,0100 | 30,0110 | 30,0115 | 30,011 0| 30,0120 | 30,0100 | 30,0110

30,011

Trial 2

30,011 0130,0120 30,0100 | 30,0110 | 30,0115 | 30,011 0|30,0120| 30,0100 | 30;0%1 0

30,011

The squ
Repeatability on test parts:

i=1 1

10

u = =0,0001118mm = 0,11um

EVO

From a

correcti¢n and from temperature during setup are used:

Standard uncertainty from temperature without correction up =0,000519 mm = 0,52um

Standard uncertainty from temperature during setup up =0,001759mm = 1,76 um

This leads to the following uncertainty budget and overview of results, see Table 34.

Table 34 — Uncertainty budget (measurement process)

ire root of the arithmetic mean of the 10 sample variances leads to the uncertainty due {

similar study the known values of the standard unceftainties from temperature withot

1t

Uncertainty component Symbol Type u Remark Rank

pum

Resolutign of the measuring system URE B (0,14) <<UgyRr 7

Calibratipn uncertainty Ucal B 0,80 2

Repeatability on reference’standard UgVR A 0,36 5

Uncertaipty from lingarity UL IN B - --

Uncertaipty frof Bias g A 0,28 6

fmax Of dipl.gauge (MPE) UREST1 B 0,69

Repeatabitityomtestparts TEvo A t0;11) TEVR 8

Temperature without correction Uy B 0,52 4

Temperature uncertainty from set-up Ut B 1,79 1

Measurement process Upp 2,17

The uncertainty and capability statistics for this example are listed in Table 35.

Table 35 — Results (measurement process)
Combined standard uncertainty Upgp 2,17 pm

26

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=707487ea006c470f19036d02be5e1222

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions, and symbols and abbreviated terms 
	3.1 Terms and definitions 
	3.2 Symbols and abbreviated terms 
	3.3 Abbreviated terms 

	4 Overview of the test examples 
	4.1 Overview 
	4.2 Notes 
	4.2.1 Notes on the accuracy of the test examples and results 
	4.2.2 Note on outlier detection 
	4.2.3 Note on capability indices 
	4.2.4 Note on the model of the measurement and correlations 
	4.2.5 Note on other reference data sets 
	4.2.6 Note on systematic errors 


	5 Reference data sets description and evaluation 
	5.1 Test data set 1 – example of linearity study with at least three standards 
	5.1.1 Test data set 1 – information 
	5.1.2 Test data set 1 – data, calculations and results 

	5.2 Test data set 2 – attribute measurement process – operator influence (ISO 22514-7) 
	5.2.1 Test data set 2 – information 
	5.2.2 Test data set 2 – data, calculations and results 

	5.3 Test data set 3 – attributive measurements – capability calculations using reference values – calculation of the uncertainty range (ISO 22514-7) 
	5.3.1 Test data set 3 – information 
	5.3.2 Test data set 3 – data, calculations and results 

	5.4 Test data set 4 – measurement process capability with three reference standards (VDA 5) 
	5.4.1 Test data set 4 – information 
	5.4.2 Test data set 4 – data, calculations and results 

	5.5 Test data set 5 – Measurement Process Capability of a CMM (VDA 5 and ISO 15530-3) 
	5.5.1 Test data set 5 – information 
	5.5.2 Test data set 5 – data, calculations and results 

	5.6 Test data set 6 – measurement process capability of automated test device 
	5.6.1 Test data set 6 – information 
	5.6.2 Test data set 6 – data, calculations and results 

	5.7 Test data set 7 – measurement process capability of a multiple-point measuring Instrument (VDA 5) 
	5.7.1 Test data set 7 – information 
	5.7.2 Test data set 7 – data, calculations and results 


	Bibliography 

