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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main t
adopted by
Internationd

Attention is
rights. ISO

ISO 22514
Subcommit]

sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication "as
| Standard requires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this document may be the.subject of pz
shall not be held responsible for identifying any or all such patent rights.

-7 was prepared by Technical Committee ISO/TC 69, Applications~of” statistical meth
ee SC 4, Applications of statistical methods in process management.

nd performance:

General principles and concepts

Process capability and performance of time-dependent process models

Machine performance studies for measured data-orr discrete parts

Process capability estimates and performance - measures

Process capability statistics for characteristics following a multivariate normal distribution

Capability of measurement processes

nine performance of a multi-state production process is under preparation.

hrds
an

tent

Dds,

onsists of the following parts, under the general title Statistical methods in process management —

t 5 on process capability and.performance for attributive characteristics is planned. A future Part 8
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Introduction

7:2012(E)

The purpose of ameasurement process is to produce measurementresults obtained from defined characteristics

on parts or processes. The capability of a measurement process is derived from the statistical p
measurements from a measurement process that is operating in a predictable manner.

Calculations of capability and performance indices are based on measurement results. The un

roperties of

certainty of

the measurement process used to generate capability and performance indices must be estimated before the

indices can be meaningful. The actual measurement uncertainty needs to be adequately small.

If th
or 1
mea
with

nty of the measurement process must be compared to the specification

ot, the uncertai

the process variation. Limits of acceptability should be stated for both cases.

The
the
mes

quality of measurement results is given by the uncertainty of the measurement process. This i
statistical properties of multiple measurements, or estimates of properties, based on the know|
surement process.

The
info
the
Thig
bas
unc

methods described in this part of ISO 22514 only address the implementation uncertainty
‘mation on implementation uncertainty, see ISO 17450-2.) Thereforeithey are only useful if it is
method uncertainty and the specification uncertainty are small compated to the implementation
part of ISO 22514 describes methods to define and calculate capability indices for measuremern
bd on estimated uncertainties. The approach given in ISOIEC Guide 98-3, Guide to the ex
briainty in measurements (GUM) is the basis of this approagh.

surement process is used for process control of a characteristic, the uncertainty needsto b¢

tself. If the
compared

5 defined by
edge of the

(For more
known that
Lncertainty.
t processes
pression of
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INTERNATIONAL STANDARD

ISO 22514-7:2012(E)

Statistical methods in process management — Capability
performance —

Part 7:
Capability of measurement processes

and

uncertainty in measurement (GUM), and establishes a basic, simplified procedure for stating and combinin
components used to estimate a capability index for an actual measurement process.

NOTE 2
whefe it is known that the method uncertainty and the specification uncertainty are small compared to the im
uncegrtainty. It can also be used in similar cases, where measurements-are used to estimate process capabili
perfprmance. It is not suitable for complex geometrical measurement’processes, such as surface texture, forn

process in
basurement

pssion of the
) uncertainty

This part of ISO 22514 is primarily developed to be used for simple one-dimensional measurement processes,

blementation
y Or process
n, orientation

and position measurements that rely on several measurement pgints or simultaneous measurements in several directions.

2 |Normative references

For dated
d document

terms used

1: General

5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method
e determination of repeatability and reproducibility of a standard measurement method

ntermediate

ISO 5725-4, Accuracy (trueness and precision) of measurement methods and results — Part 4: Basic methods

for the determination of the trueness of a standard measurement method

ISO 5725-5, Accuracy (trueness and precision) of measurement methods and results — Part 5:

methods for the determination of the precision of a standard measurement method

Alternative

ISO 5725-6, Accuracy (trueness and precision) of measurement methods and results — Part 6: Use in practice

of accuracy values

ISO 7870-1, Control charts — Part 1: General guidelines

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in

measurement (GUM:1995)

© 1SO 2012 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2 and ISO 5725
(all parts), and the following apply.

341

maximum permissible measurement error
maximum permissible error
limit of error

MPE

extreme value of measurement error, with respect to a known reference quantity value, permitted by

specificatio
NOTE 1 |
NOTE2 1
[ISO/IEC G

3.2

hs or regulations for a given measurement, measuring instrument, or measuring system
sually, the term “maximum permissible errors” or “limits of error” is used where there are two extreme va
[he term “tolerance” should not be used to designate ‘maximum permissible error’.

hide 99:2007, 4.26]

measuran
quantity int

NOTE 1 1
phenomenor

NOTE 2 |
to measureni

NOTE3 1
carried out, 1
measurand 3

EXAMHA

significgnt internal conductance to perform the measurement. The open-circuit potential difference can be calcul

from thg

EXAMHA
from thd

NOTE 4
This usage i

[ISO/IEC G

3.3

measurem
uncertainty
uncertainty

nded to be measured

[he specification of a measurand requires knowledge of the kind of .quantity, description of the state o
, body, or substance carrying the quantity, including any relevant component, and the chemical entities invo

h the second edition of the VIM and in IEC 60050-300:2001, the measurand is defined as the ‘quantity su
ent’.

[he measurement, including the measuring system and-the conditions under which the measureme

s defined. In this case, adequate correction is necessary.

LE 1 The potential difference between the terminals of a battery may decrease when using a voltmeter w

internal resistances of the battery and the voltmeter.

LE 2 The length of a steel rod jnequilibrium with the ambient Celsius temperature of 23 °C will be diffe
length at the specified temperature of 20 °C, which is the measurand. In this case, a correction is neces

erroneous because these terms do not refer to quantities.

Lide 99:2007, 23]

pnt uncertainty
of measurement

rameter char rizing the di rsion of th ntity val

ues.

the
ved.

pject

ht is

hight change the phenomenon, body, or substance stich that the quantity being measured may differ frony the

ith a
ated

rent
ary.

h chemistry, “analyte”, or-the hame of a substance or compound, are terms sometimes used for ‘measurgnd’.

and

non-negati

(3.2), based on the information used

NOTE 1

Measurement uncertainty includes components arising from systematic effects, such as components

associated with corrections and the assigned quantity values of measurement standards, as well as the definitional
uncertainty. Sometimes estimated systematic effects are not corrected for but, instead, associated measurement
uncertainty components are incorporated.

NOTE 2
specified mu

Itiple of it), or the half-width of an interval, having a stated coverage probability.

The parameter may be, for example, a standard deviation called standard measurement uncertainty (or a

© 1SO 2012 — All rights reserved
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NOTE 3  Measurement uncertainty comprises, in general, many components. Some of these may be evaluated by Type
A evaluation of measurement uncertainty from the statistical distribution of the quantity values from series of measurements
and can be characterized by standard deviations. The other components, which may be evaluated by Type B evaluation of
measurement uncertainty, can also be characterized by standard deviations, evaluated from probability density functions
based on experience or other information.

NOTE 4 In general, for a given set of information, it is understood that the measurement uncertainty is associated
with a stated quantity value attributed to the measurand (3.2). A modification of this value results in a modification of the
associated uncertainty.

[ISO/IEC Guide 99:2007, 2.26]

3.4

Tpr A evaluation of measurement uncertainty
Type A evaluation

evaluation of a component of measurement uncertainty (3.3) by statistical analysis of Measuremgent quantity
valyes obtained under defined measurement conditions

NOTE 1 For various types of measurement conditions, see repeatability condition{of-measurement, |intermediate
predision condition of measurement, and reproducibility condition of measurement.

NOTE 2  For information about statistical analysis, see e.g. ISO/IEC Guide 983
NOTE 3  See also ISO/IEC Guide 98-3:2008, 2.3.2, ISO 5725, ISO 13528, ISO/TS 21748, 1ISO 21749.
[ISQ/IEC Guide 99:2007, 2.28]

3.5
Typle B evaluation of measurement uncertainty
Typg B evaluation

evaluation of a component of measurement uncertainty (3.3) determined by means other thap a Type A
evajuation of measurement uncertainty (3.4)

EXAMPLES Evaluation based on information

— |associated with authoritative publishedguantity values,

— |associated with the quantity value of.a certified reference material,
— | obtained from a calibration cértificate,

— | about drift,

— |obtained from the @ccuracy class of a verified measuring instrument,
— |obtained from{limits deduced through personal experience.

NOTE Sée also ISO/IEC Guide 98-3:2008, 2.3.3.

[ISQ/IEC Guide 99:2007, 2.29]

3.6
standard uncertainty of measurement

standard uncertainty of measurement

standard uncertainty

measurement uncertainty (3.3) expressed as a standard deviation

[ISO/IEC Guide 99:2007, 2.30]

© 1S0O 2012 — All rights reserved 3
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3.7

combined standard measurement uncertainty

combined standard uncertainty

standard measurement uncertainty (3.6) that is obtained using the individual standard measurement
uncertainties associated with the input quantities in a measurement model

NOTE In case of correlations of input quantities in a measurement model, covariances must also be taken into
account when calculating the combined standard measurement uncertainty; see also ISO/IEC Guide 98-3:2008, 2.3.4.

[ISO/IEC Guide 99:2007, 2.31]

3.8
expanded measurement uncertainty
expanded yncertainty

product of 3 combined standard measurement uncertainty (3.7) and a factor larger than the number ohe

NOTE 1 The factor depends upon the type of probability distribution of the output quantity in a measureément modeland
on the selecfed coverage probability.

NOTE 2  The term “factor” in this definition refers to a coverage factor.

NOTE 3  Expanded measurement uncertainty is termed “overall uncertainty” in paragraph-5 of Recommendation INC-1
(1980) (see the GUM) and simply “uncertainty” in IEC documents.

[ISO/IEC Gpide 99:2007, 2.35]

3.9
measurempnt bias
bias
estimate offa systematic measurement error

[ISO/IEC Gpide 99:2007, 2.18]

3.10
measuremgent result
set of quant|ty values being attributed to a measurand (3.2) together with any other available relevantinformgtion

NOTE 1 A measurement result generallyscontains “relevant information” about the set of quantity values, such|that
some may be more representative of the(measurand than others. This may be expressed in the form of a probapility
density funcfion (PDF).

NOTE 2 A measurement result-is generally expressed as a single measured quantity value and a measurement
uncertainty. If the measurement Gngertainty is considered to be negligible for some purpose, the measurement result mdy be
expressed ag a single measured)quantity value. In many fields, this is the common way of expressing a measurement rgsult.

NOTE 3 In the traditienal literature and in the previous edition of the VIM, measurement result was defined as a Value
attributed to p measurand and explained to mean an indication, or an uncorrected result, or a corrected result, acconding
to the context.

[ISO/IEC Gpide 99:2007, 2.9]

3N

measurement model

model of measurement

model

mathematical relation among all quantities known to be involved in a measurement

NOTE 1 A general form of a measurement model is the equation 4(Y, X, ..., X;,) = 0, where Y, the output quantity in the

measurement model, is the measurand (3.2), the quantity value of which is to be inferred from information about input
quantities in the measurement model X7, ..., Xj,.

4 © 1S0 2012 — All rights reserved
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NOTE 2 In more complex cases, where there are two or more output quantities in a measuremen
measurement model consists of more than one equation.

[ISO/IEC Guide 99:2007, 2.48]

312
measurement task
quantification of a measurand (3.2) according to its definition

NOTE 1

-7:2012(E)

t model, the

The measurement task is synonymous with the purpose of applying the measurement procedure.

NO

313

measurement process

set

[1Sd

3.14

res
SM3
pro

NOT
ofa

[1Sd
NOT

NOT

=0 =) b L 1 "
CZ TS TITCASUTTITICTIU IdSR LdlT UT USTU, T.4..

to compare the measurement results with one or two specification limits in order to state whether the
measurand is an admissible value.

to state whether the measurand characterizing a manufacturing process is within the specifiCations give

to obtain a confidence interval of given average length for the difference between twaovalues of the same

Df operations to determine the value of a quantity

9000:2005, 3.10.2]

blution
llest change in a quantity being measured that causes(@ perceptible change in the correspondin
ided by a measuring equipment

E1 Resolution can depend on, for example, nqis€’ (internal or external) or friction. It may also depend
quantity being measured.

/IEC Guide 99:2007, 4.14]
E 2 For adigital displaying device,\the resolution is equal to the digital step.

E 3  Resolution not necessarilylinear.

341

refgrence quantity value
refefence value
quaptity value used as“a basis for comparison with values of quantities of the same kind

NOTE 1

NOTE 24, VA reference quantity value with associated measurement uncertainty is usually provided with ref

value of the

BN,

measurand.

g indication

on the value

A reference quantity value can be a true quantity value of a measurand, in which case it is upknown, or a
conyentional quantity value, in which case it is known.

erence to:

a)
b)
c)

d)

g Tateriat, €.y a certiffed Teference materiat;
a device, e.g. a stabilized laser,
a reference measurement procedure,

a comparison of measurement standards.

[ISO/IEC Guide 99:2007, 5.18]

© 1SO 2012 — All rights reserved
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3.16
measurem

ent repeatability

repeatability
measurement precision under repeatability conditions of measurement

[ISO/IEC G

347
measurem

reproducibil

uide 99:2007, 2.21]

ent reproducibility
ity

measurement precision under reproducibility conditions of measurement

[ISO/IEC G

318
stability of
property of

bide 99:2007, 2.25]

a measurement process
A measurement process, whereby its properties remain constant in time

319
item
entity
object
anything that can be described and considered separately

4 Symbpls and abbreviated terms

41 Symbols

a half width of a distribution of possible values af,input quantity

aoOBJ maximal form deviation

a significance level

Bi bias

Bo intercept of the calibration(function

ﬁo estimated intercept-of.the calibration function

B slope of the galibration function

/31 estimatéd slope of the calibration function

Cmp measurement process capability index

Cmvs measuring system capability index

Cp process capability index

Cpk minimum process capability index

Cp,obs observed process capability index

Cpp real process capability index

dLR 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

6 © 1S0 2012 — All rights reserved
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dur from the last reference value, for which all operators have assessed the result as approved to the
first reference value, for which all operators have the result as unsatisfied

d average interval
k coverage factor
K total number of replicate measurements on one reference. The reference can be a reference

standard or a reference workpiece

kcaL coverage factor from the calibration certificate

/ measured length

L lower specification limit

MpH maximum permissible error (of the measuring system) (MPE-value)
mji frequencies in the Bowker-test

N number of standards

n number of measurements

P probability

Pp process performance index

Pp, ¢bs observed process performance index

Pp, ¢ real process performance index

Oatt attributive measurement process capability ratio

OMms measuring system capability ratio

OMHA measurement process capability ratio

RE resolution of measuring system

s sample standard deviation (for the measuring system repeatability)
T temperature

H1-(d2) the two-sided critical value of Student’s ¢ distribution

U upper specification limit

Ug standard uncertainty on the coefficient of expansion

UAV standard uncertainty from the operator’s repeatability

ug| standard uncertainty from the measurement bias

UCAL calibration standard uncertainty on a standard

UMP combined standard uncertainty on measurement process

UEV standard uncertainty from maximum value of repeatability or resolution
UEVR standard uncertainty from repeatability on standards

UEVO standard uncertainty from repeatability on test parts

ugyv standard uncertainty from reproducibility of the measuring system

© 1S0O 2012 — All rights reserved 7
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U|A standard uncertainty from interactions

ULIN standard uncertainty from linearity of the measuring system

UMP combined standard uncertainty on measurement process

UMPE standard uncertainty calculated based on maximum permissible error
uUMS combined standard uncertainty on measuring system

ums-ResT  standard uncertainty from other influence components notincluded in the analysis of the measuring

e\/cfnm
UOBJ standard uncertainty from test part inhomogeneity
URE standard uncertainty from resolution of measuring system
UREST standard uncertainty from other influence components not included in the\analysis of|the

measurement process

USTAB standard uncertainty from the stability of measuring system
ur standard uncertainty from temperature

UTA standard uncertainty from expansion coefficients

utD standard uncertainty from temperature difference between workpiece and measuring system
Uattr uncertainty on an attributive measurement

UcaL uncertainty on the calibration of a standard

Ums uncertainty of the measuring system

Ump uncertainty of the measurement process

Vi J th measurement value

y average of all measurements

Xg arithmetic mean of all the.sample values

X; i th measurement-input quantity

Xm reference gtiantity value

4.2 Abbrneviated-terms

ANOVA analysis of variance

DOE design of experiments

GPS geometrical product specifications

R&R repeatability and reproducibility

GUM guide to the expression of the uncertainty of measurement
MPE maximum permissible error

SPC statistical process control

VIM international vocabulary of metrology

8 © 1S0 2012 — All rights reserved
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5

5.1

ISO 22514-

Basic principles

General

7:2012(E)

The method described in this part of ISO 22514 covers a large part of the estimation of measurement uncertainty that
occurs in practice. In some cases, where the preconditions set out for this method (no correlation between influence
components, no sensitivity factors, simple linear model present) are not present, the user must utilize the general
current method for determining the measurement uncertainty that is described in ISO/IEC Guide 98-3: 2008.

The following method addresses the implementation uncertainty (see also ISO 17450-2). Therefore, it shall be

detg

rminad baefara tha method-is appliarl that the-method ||nr\artainty and-the cpnr\ifif\otir\n uncertain

ty are small

conf
geo
that

The
It di
of u
the
unc
(con
ISO
ass

To &
inde
spe

The
bein

If th
exp
be ¢
B e
tem
mod

Figu
usin
(ma

pared to the implementation uncertainty. Further, the method is not suitable and shall not be used
metrical measurement processes, such as surface texture, form, orientation and location, me
rely on several measurement points or simultaneous measurements in several directions,or bg

ISO/IEC Guide 98-3 (GUM) permits the evaluation of standard uncertainties by _any appropr
stinguishes the evaluation by the statistical treatment of repeated observations as a Type A
ncertainty, and the evaluation by any other means as a Type B evaluation) of uncertainty. I

ertainties and treated in the same way. The standard uncertaintiescan be aggregated to
nbined) standard measurement uncertainty. This evaluation of ungertainty is carried out, 3
IEC Guide 98-3, using the law of propagation of uncertainty. Full details of this procedure and th
mptions on which it is based are given in ISO/IEC Guide 98-8.

ssess a measuring system or a measurement process, the capability ratio Opms or Omp or th
X Cpvp or Cpms can be calculated based on the combined standard measurement uncertai
Cification.

g measured.

e uncertainty components estimated from~an experiment (Type A evaluation) do not corres
bcted spread of these components incthe actual measurement process, then these compone
stimated experimentally. Instead, they should be derived through the use of a mathematical 1
aluation; e.g. constant temperature in a measuring laboratory when conducting a study and
berature variations of the plage*of the future application). The practitioner needs to fully und
el to be used.

re 1 describes the step' by step approach of the method. Linearity, repeatability and bias ca
g a reference standard as shown in the flowchart. Alternatively, bias can be found based on the
Kimum permissible-error).

for complex
asurements
th.

ate means.
evaluation
evaluating

combined standard uncertainty, both types of evaluation are to be characterized by squargd standard

obtain the
ccording to
e additional

e capability
nty and the

combined expanded uncertainty should be substantially smaller than the specification of the characteristic

bond to the
Nts may not
hodel (Type
the normal
erstand the

n be found
MPE-value
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Measurement
task

esolution
acceptable?

Improve
equipment

UCAL <N known & Yes» UMPE

7
UEv -UB|
ULIN - UMS-REST

A

Combined and expanded uncertainty of the medstring
system Uwms

Capability ratio of the measuring system Qus
Capability index of the measuring’system Cys

Measuring system capability analysis

Owms< max aséeptable Qs
Cns> min acceptable Cys

No

[ Y Yes
\ 4
Estimation of ugyvo |

Upv, UGV, USTAB, UIAI
UoBJ, UT , UREST

A

Combined and expanded uncertainty of the measurement
process Uyp

Capability ratio of the measurement process Oup No
Capability index of the measuring process Cyp

Owp< max acceptable Qyp
Cyp> min acceptable Cyp

Measurement] proecess capability analysis

Yes
v
Measurement
process accepted

Figure 1 — Measurement process capability analysis
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5.2 Resolution

The resolution is one of the contributors to the measurement uncertainty. It shall never be lower than the
resolution effect. If the expanded uncertainty calculated based on the actual resolution is bigger than the
requirement to the measurement process, then the measuring system should be improved.

By default, to use a measuring system to define the conformance to a bilateral specification, without a specific rule
established between the supplier and purchaser, the resolution shall be lower than 1/20 of the specification interval.

By default, to use a measuring system to control a manufacturing process by using the SPC tools in accordance
with a bilateral specification, without a specific rule established between the supplier and purchaser, the

res

5.3

If a

hergof, should be defined for the actual system. The calibration system is used to document the com

the

In th
con
inst

system, then the method using MPE may be recommended. If only one defined measuring sys

use
con

5.4

If th
on
mea

If th

The
med
be 1

Iation snall be 1ower thahn 170 OI the Process variation.

MPE known and used

standard measuring system is used, then a maximum permissible error (MPE), dr.‘more ofte

Fequirement to the defined metrological characteristic(s) given as one or morg, maximum permis

is case, the MPE value or, if more than one metrological characteristic-influences the measuri
bined result of the actual MPE values can be used to calculate the“capability of the measu
pad of the experimental method. If a population of different equipment should be used as

H in connection with the measurement process, then the expetimental method is preferable k
bined uncertainty will normally be smaller.

Capability and performance limits for measuring system and measurement prq

e measuring system is to be classified to a specific measurement process, it is important t
neasurement uncertainty. In this way, the selection of a measuring system is simplified fo
surement tasks.

ere is no requirement for a maximum, QOnvp or a minimum Cys , then proceed and calculate Qv

surement process, such as nen-homogeneity of the measured object, resolution and temperg
hodelled mathematically.

h a number
pliance with
Sible errors.

hg task, the
Fing system
measuring
fem can be
ecause the

pCess

b set a limit
r upcoming

S.

following method is based on the precondition that some uncertainty components associafed with the

ture should

6 (Implementation

6.1 General

As for other\pfocesses, the measurement process is under the influence of both random and| systematic

soufces-ofvariation. In order to estimate and control the variation of the measurement process, it i$ necessary
uncertainty
important.

6.2

6.2.1

Factors that influence the measurement process

General

In industrial practice, the reported uncertainty of the measurement process is usually limited to the uncertainty
derived from repeatability of the measurement process on a reference standard, or an item typical of that to be
produced, known as a workpiece. The uncertainties arising from any linearity deviation will either intentionally
be set to zero or acquired from the manufacturer’s specification, e.g. in terms of adopted error limit (Mpg values).

The use of the commonly known repeatability experiment on a reference standard to estimate the repeatability
and bias of the measurement process is recommended. Based on this experiment, one can then estimate a
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measurement capability index. This method may be extended by the use of more than one reference standard,
located near or inside the specification limits. In both cases, the measuring system can be corrected by use of
the identified systematic error(s).

If the linearity of the measuring system has to be determined, it can be done by means of a
linearity study based on at least three reference standards. The result of this investigation (the regression
function) can then be used for correction of the measurement result. Hereby, the uncertainty caused by the
linearity deviation will be reduced.

6.2.2 Uncertainty components that belong to the measuring system

6.2.2.1 Types
The uncertainty components related to the measuring system are either
— maximpm permissible error,
or
— the combination of
— calibration uncertainty,
— repeatability and/or resolution,
— bigs,
— lingarity, and

— other uncertainty components.

6.2.2.2 Egtimation of uncertainty using MPE value

When a mgasuring equipment or measuring stardard is known to conform to stated MPE values for eagh of
the metrolopical characteristics, these MPE values should be used to estimate the uncertainty component as
shown in Tgble 1.

Table 1 — MPE uncertainty

Uncgértainty components Symbol Test/model
MPE value UMPE Standard uncertainty due to maximum permissible error.
UMPE = %
3

where a rectangular distribution is assumed.

In cases where more than one MPE value influences the
measurement process, the combined standard uncertainfy
can be calculated from:

2 2
. :\/MJFMM
3 3

6.2.2.3 Measuring system resolution

The actual proposed measuring system should have a high enough resolution so that the expanded uncertainty
calculated from the standard uncertainty of the resolution is much lower (common practice is 5 %) than the
specification interval for the characteristic to be measured (measurand).

The resolution of the measuring system, or the step in the last digit of a digital display, or rounded measured
value, will always cause an uncertainty component. When the repeatability uncertainty component is derived

12 © 1S0 2012 — All rights reserved
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from experimental data, the effect from resolution, etc., is included if the repeatability uncertainty component
(uevR) is greater than the component based on resolution.

If the uncertainty of the repeatability component is greater than that of the resolution component, then the
resolution component is included in the repeatability component. If not, then the component urg should be
added to the model as shown in Table 2.

Table 2 — Uncertainty from resolution

Uncertainty components Symbol Test/model
Resalution af the mnncllring cycfnm URE 1 PE PE
REZ /B 2 12

where Rg is the resolution and is assumed to follpw a
rectangular distribution.

If analogue scales are used, the actual distributidn can be
another e.g. normal distribution

6.2.2.4 Calculation of repeatability, bias and linearity using reference standards or calibrated workpieces

The| used reference standards or workpieces should be traceable to stated references, usually| national or
intefnational standards or so-called consensus standards (standards agreed by both customer and supplier).
Thel present uncertainty during this calibration should be determined.

Table 3 — Uncertainty of standard calibration

Uncertainty components Symbol Test/model

Calibration UCAL Standard deviation of uncprtainty due
to calibration (from certifiqate).

In cases where the uncerfainty

in protocol is given as expanded
uncertainty, it should be djvided by
the corresponding coverafe factor:

ucaL = UcaL / kcaL

Lingarity analyses must-be/made sufficiently often such that the estimated value for Mpg is nqt exceeded
between two linearity-analyses.

6.2.2.5 Experimental method (using regression analysis)
Thel experimental method considers how a relationship Y= 4 + BX (describing how the dependen{ variable Y

varies-as a functlon of the mdependent variable X) can be determined from measuremen{ data. The
@ calibration
function parameters is “stimulated” by standards with calibrated values ofX,, given in standard units, and the
corresponding “responses”, or indications Y;, of the instrument are recorded.

© 1S0O 2012 — All rights reserved 13
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Table 4 — Uncertainty from measuring system

Uncertainty components

Symbol

Test/model

Uncertainty arising from linearity

ULIN

Instance 1: u N =0

a
Instance 2: u |y = —=

V3

where « is half width of the range of a uniform distribution or
the known MPE-value.

Instance 3: up|N is determined experimentally together with

LEVR (S€e Instance Z below)

Instance 4: up|N is determined based on the resultsfrom the
calibration certificate

Uncertainty]arising from bias

up|

From the measurements on a reference standard, ug| car| be

calculated based on the distance betweenythé standard apd

the average of the measured values.
[7e —xu

Repeatabilify using reference
standards

UEVR

Instance 1: minimum 30 repeated measurements on a
reference standard, whefeby ugyr can be estimated

Instance 2: K repeatedwneasurements on each of the N (2)
different reference.standards with N*K > 30.

Estimate from the'linear regression function

Estimate poth ugyr and u N by the ANOVA method.

Other unceftainty components not
included in fhe above

UMS-REST

E.g. scale shift (use of different measuring faces)

6.2.3 Additional uncertainty components belonging to the measurement process

6.2.3.1 Ggneral

In an analypis of a defined measurement process under real conditions, an identification and determingtion
of additiongl uncertainty components_of the process should be carried out together with the above descr|bed

uncertainty|[components coming froim the measuring system.
6.2.3.2 D¢termination of'uncertainty components from experiments (Type A)

Tabl¢ 5 — Uncertainty from repeatability and reproducibility of the measurement process

Uncértainty-components Symbol Test/model

Repeatabilifytusing workpieces UEVO Always use a minimum of 5 workpieces
Effect of operators changing UAV — measured by a minimum of 2 operators or
in reproducibility conditions of L ) )
measurement — measured by a minimum of 2 different measuring

— - systems (if relevant).
Reproducibility of the measuring system ugy

Minimum sample size: 30
(Place of measurement)
X X Estimation of uncertainty components by the ANOVA method.

Effect of changing over the times USTAB
in reproducibility conditions of [VIM, GUM, ISO 5725, ISO 13528, ISO/TS 21748, ISO 21749]
measurement If no operator influence is present, the number of workpieces
Interactions UlAi should be increased.

NOTE 1

14

In special circumstances (e.g. high cost of test), two repetitions can be acceptable.
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NOTE 2 If the number of samples is smaller than 30, the Student’s ¢-test can be used to expand the extended uncertainty.
See Clause 8.

6.2.3.3 Determination of uncertainty components not included in the experiments (Type B)

In addition to the estimated uncertainty components of the measuring system (6.2.2), and the estimated
uncertainty components of the measurement process (6.2.3.2), the following additional uncertainty components
should be determined using mathematical models.

Table 6 — Other uncertainty on the measurement process

Uncertainty components Symbol Test/model

Nop-homogeneity of the part UOBJ aogy

Uopy = \/g
where appy is the maximum permitted or expected error due
to the object (e.g. form deviation),

Terpperature ut The influence from temperatdre.¢an be calculated using the
formula:

[ 2 2
ut =utp tutp

The uncertaintyffom temperature differences utf could e.g.
be estimatedyin,compliance with ISO 14253-2.
Al o -]

u =
TD \/g

where

o is the expansion coefficient; AT is the differencg in
temperatures; and a rectangular distribution is aspumed.

The uncertainty on expansion coefficients could e
estimated in compliance with ISO 15530-3.

|7 —20°C]|-ug -1
u = -
TA \/g
where

T is the average temperature during the measurement; u,,
is the uncertainty on the coefficient of expansion;|/is the
observed value for length measurement.

NOTE 1 Zis'temperature in the formula above. It should not be confused with specification interval or target value used
elsevhere\in-this part of ISO 22514.

NOTE 2 In the case that a compensation for temperature difference is not made, a contribution for tHis difference
should be included in the estimation in the formula above.

NOTE 3  The part is the object to be measured, including object measured by embedded devices in production.

6.2.3.4 Impact of the deviation of workpiece on the measurement result

In many measurement processes, the surface of the workpiece is in contact with the measuring system during
the measurement. Depending on the surface texture, form deviation and geometrical deviations from the
nominal geometry, the contact between the measuring system and the workpiece will result in an uncertainty
component. Depending on the measurand and the repartition of the measuring on the workpiece, the impact
of the form deviation does not have the same level (if the measurand corresponds to the maximum value,
and we take only one measure, then the form deviation impacts directly, but if we turn the workpiece and
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take the maximum observed value, the form deviation is integrated in the evaluation, and does not impact in
measurement uncertainty).

The component apgy can be found from requirements on the drawing or by experiments suitable to find the
maximum form deviation or similar non-homogeneities.

Add the component uppy to the model, as shown in Table 10.

6.2.3.5 Resolution

If the repeatability component using workpieces (zgvo) is greater than that of the resolution component, then

the resoluti
added to th

6.2.3.6 Temperature influence

6.2.3.6.1

The uncertd
by tempera

urt Z\/;Z

6.2.3.6.2

The standa
is 20 °C (s
electrical in

temperaturg¢ gradients result in linear expansion, bending, etc., of the measuring system. The measuren

setup and t

The transfo

AL =AT -
where

AT

(04

/
A known d

bn component Is included In the repeatability component. If not, then the component urg shoul
e model as shown in Table 1.

Uncertainty calculation

inty from temperature influence u1 should be calculated based on the ungertainty component cad
ure difference and uncertainty from unknown expansion coefficients.

2
TD tUTA

Uncertainty component caused by temperature differences and expansion

rd reference temperature for geometrical product specifications (GPS) and GPS measurem
ce ISO 1). There may be reference temperatures for applications other than geometrical
fluences from temperature) that may be caused-by absolute temperature as well as time and sp!

ne object being measured cause an ungertainty component utp.

Fmation from temperature to length is*given by the linear expansion equation:

o-l

is the relevanttemperature difference;
is the temperature expansion coefficient of the material,

is the effective length under consideration.

bviation in temperature from the reference temperature can be corrected as a systematic e

1 be

sed

bNts
e.g.
btial
hent

rror

component

if appropriate.

The uncertainty utp can, for example, be estimated in accordance with ISO 14253-2.

6.2.3.6.3 Uncertainty on the coefficient of expansion

An uncertainty contribution from the variation of the expansion coefficient of the measured workpieces will
often be present. In this case, the uncertainty uta is calculated by:

UTpA =

where u, is

16

|T—20°C|-uy, -

Uy -1
V3

the standard uncertainty of the expansion coefficient of the workpieces.
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Alternatively, the uncertainty uta can be estimated in accordance with ISO 15530-3.

7

71

71

Studies for calculating the uncertainty components

Measuring system

.1 General

In order for a study to provide meaningful information, it is a prerequisite that the resolution of the measuring

systenrbedetermimedandadequatefortheactuarmeasurement process—

It s
unc

repgatability (max{ugvr,uEVO,URE)}).

The

71

71

If th
conf
the
spre
this

7.1

71

Tak

.2 Repeatability and bias based on one reference standard

.,.1 General

.2.2 Preconditions

.2.3 , Procedure

ertainty from the resolution. Otherwise the uncertainty from the resolution should be .used in

b uncertainty component u) N is equal to zero or estimated\from the maximum permissible erro
ponent ugyr should be determined experimentally. Thecdetermination of the uncertainty ugyr
repeatability estimated from measurements on a reference standard or workpiece. It should be b
ad of a minimum of 30 repeated measurements, to estimate the combined effect of bias and rep
case, the bias and the variation will be used together as two different uncertainty components u

The reference quantity value of the-réference standard or workpiece should have a quantity
to the target value. The maximum deviation of the reference standard from target value dep
characteristics of the measuring system.

calibration).

In the case ofphysically one-sided tolerance (“natural limit”), the reference quantity value of th
standard or-workpiece should have a quantity value close to the specification value.

hould be confirmed that the standard uncertainty from repeatability is not smaller than*the standard

stead of the

method applied is based on knowledge to the linearity of actual measuring system. If the linegrity is to be
regarded as known, the repeatability and bias can be found using one (or more)standard(s).

r (Mpg), the
Comes from
ased on the
atability. In
51 and uEVR.

value close
ends on the

The reference quantity valtie xp, of the reference standard or workpiece should be determined (normally by

The reference standard or workpiece shall be removed and replaced between each measurement.

e reference

b atleast 30 measurements on the reference standard or calibrated workpiece.

Based on the actual values, the measurement bias (B;), the standard uncertainty of repeatability from reference
standard and the standard uncertainty of the bias are estimated from:

K

1 — -

UpyR =5 :\/ﬁ E (xi—xg)z and Biz‘xg—xm‘
i=1

where
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K is the number of repeated measurements;

Xi is the single value of the ith measurement;

Xg is the arithmetic mean of all the sample values.
B ‘fg _xm‘

BBV

This formula can only be used in cases, where we cannot distinguish between systematic and random errors.

As long as p zero setting of the measuring equipment can cause extra variation, it is important to set;zer
the measur|ng system using the defined standard or workpiece between each attempt.

If more thap one standard is used in the experiment to determine the repeatability, the largest mean devig
from the regpective standard should be used as the bias value. If the variance is assumed to.be constant
average vafiance should be used.

7.1.3 Lingarity analysis based on a minimum of three reference standards

7.1.3.1 Cgdlculations if linearity deviations are present

D ON

tion
the

In 6.2.2.3, the following experiment (see ISO 11095) is used to determiné the uncertainty from deviations from

linearity of the measuring system. If linearity deviations are present, estifnates of the uncertainty components
(linearity ungertainty) and ugyRr (repeatability on a standard) should be'calculated based on the following met

1) On at least three reference standards, perform at least\three repeated measurements. The minin
sample size is 30.

LLIN
nod.

num

2) Pdrformaregression analysis. Observe that theresidual standard deviation is constant over the spfead

of measurement. The residual standard deviation is later used in the estimation of the uncertainty.

3) Pgrform an analysis of variance (ANOVAY.
4) Edtimate the uncertainty components ugyr and up N based on the results of the ANOVA in item 3 ab

5) Cdrrect the measurement results on future measurements according to the calculated lines
where appropriate.

7.1.3.2 Preconditions
Generally, the following-pfeconditions apply.

— The repidual standard deviation (standard deviation from repeated measurements on the standard
always|constant (see Table 9).

pve.

rity,

) is

—  The retression function is linear (regression line)
~J \ J 7

— The uncertainties about the “true” values of the reference standards are small compared to the size of the

deviations of the measurements of the standard.

— The measurements are representative of the future use of the measuring system regarding the environment

and other conditions.

— The repeated measurements of the reference standards are independent from each other and
normally distributed.

are

— The values of the standards are approximately equidistantly placed throughout the relevant

measurement range.
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The conditions of the method are described explicitly below.
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A regression line is displayed based on the measured values using the graphical display as shown in Figure 2.

This gives the first impression of:

1) whether the measurement process is under control during the experiment,

2) the appropriateness of the preconditions (e.g. linearity, residual standard deviation constant),

7.1.8.4 Example of linearity analysis

The{formula for the regression line is:

i =Bo+B1-x;+eg;

Table 7 — Measured data

o) he measurerment values COoImpared 10 the converntional true  value, and

4) the presence of outliers and temporal trends that need further investigation.

Observations on standards

i Xm 1 2 3 4 5 6 7 8 9 10 1" 12 ¥; s

1 2,0 27 2,5 2,4 25 27 2,3 25 25 2.4 2,4 2,6 24 | R49 012
2 4,0 5,1 3,9 4,2 50 3,8 3,9 3,9 3,9 3,9 40 41 3,8 | 413 0,45
3 6,0 5,8 57 5,9 5,9 6,0 61 6,0 6,1 6,4 6,3 6,0 6,1 6,03 0,20
4 8,0 7,6 77 7,8 77 7,8 78 7,8 77 78 75 76 77 7,71 0,10
5 10,0 | 91 9,3 9,5 9,3 94 9,5 9,5 9,5 9,6 9,2 9,3 94 | P38 0,15

© 1S0O 2012 — All rights reserved 19



https://standardsiso.com/api/?name=58733cf8625eb34c46db67478a26cec7

ISO 22514-7:2012(E)

YA
10
9 /é/
U
8
7 ,\‘l,
o
6 —=t=———=— —————————— S — _--_\{,‘ﬁ---.y
£ (\(O
5
Q7
4 4\%
o
3 — Q<:§< L
iE = D
2 3 4 5 64’@ 7 8 9 10 X
xO
Figure 2 — G(ae)ﬁ-'rcal display of linearity
&
OQQ
o
%\%
O
v
RS
R
S

20 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=58733cf8625eb34c46db67478a26cec7

ISO 22514-7:2012(E)
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A, 5 6 7 8 9 10

Key
X Hiameter (reference)
Y pias (value-reference)

Figure 3 — The identity line_equal to y minus regression line

If orje or more outliers are present, the experiment should be repeated after the elimination of detected outliers.

The| user may consult ISO 16269-4 for-advice on how to detect outliers. Failure to detect the presence of
outllers will result in an incorrect correction. Information on how to calculate uncertainty compongnts and the
regiession function can be found in Table A.3.

7.1.4 Estimation on the uncertainty components

The] calculation of estimates from the uncertainties due to the lack of fit of the regression functign, u; N and
the [repeatability of theymeasurement on the standards (pure error) ugyr should be found in the| analysis of
varignce Table A.5.

Table 8 — Uncertainty from linearity

Uncertainty components Symbol Test/model

Linkarity LLIN v =B +B .x +g
70T Ty

$=0,7367-0,1317x

Linearity = 0,58 mm
(at the upper specification limit x = 10 mm)

i = 958
V3
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7.2 Uncertainty components of the measurement process

7.21 Gen

eral

Components of the measurement process carried out under real conditions should be added to the estimated

uncertainty

components of the measuring system, calculated in 6.2.2.

In 6.2.3.2, a standard experiment (precision experiment) to estimate the uncertainty components ugvo, uav,
ugy, and uja;j are defined.

7.2.2 Un

The repeaLbiIity and reproducibility analysis provides independent estimates of the repeatability

reproducibi
The analysi
1)
2)

al
al

Alternativel
replaced by
the system

In total, the

Decomposg the variances and estimates of the uncertainty cemponents including the interaction betw

these and t

several diff¢rent situations. See the decomposition in TablgsA 4.

Other unce
the experin
experiment

Further exa

8 Calcu

lation of combined uncertainty

P--N

LB A~ —

ity of the measurement process.

s should be based on a minimum of 5 workpieces, with either

hinimum of 3 operators with a minimum of 2 repeated measurements, or
hinimum of 2 operators with a minimum of 3 repeated measurements.

, if in cases where only one operator is using different measuring systems, item 2 should
using a minimum of two different measuring systems so that af),estimate of the reproducibili
can be made.

e should be a minimum sample size of 30 measurements.

ne variances. When estimating the uncertainty components there should be a distinction betw

'tainty components (e.g. stability ustag) can,be added to an extended ANOVA model. In this ¢
ent should be extended appropriately,.provided that certain interactions can be excluded from
an appropriate experimental plan to.limit the experimental effort can be used.

mples on the analysis can be found in ISO/TR 12888.

8.1 Gen

ral

and

be
y of

een

een

hse,
the

The combifed uncertainty-of the measuring system and the measurement process is to be calculated as

given in Talle 9. Thercalculation can only be carried out in the given way if there is no correlation between
components. Furtherifformation about the calculation can be found in ISO/IEC Guide 98-3:2008 (Clause

the
5).

22
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Table 9 — Calculation of the uncertainty

Uncertainty components Symbol Combined measurement uncertainty
Calibration of the standard or workpiece UCAL 2 2 2 2 2
. . ; UMs = \UCAL TULIN TUBI TUEY T UMS_REST
Deviations from linearity ULIN
. where
Bias up|
Repeatability on standards UEVR ugy =max{ugyRr,URe}
Resolution URE
Other uncertainty components UMS-REST
(Meeasurrg-systery
Repeatability on workpiece UEVO ) ) ) ) ) 5 , 105
Reproducibility of operator UAV UCAL TULIN T U tUEY TUMS-RESTTUAV UGV
o . ump = 2 2 2 2 2
Reproducibility of the measuring system uGgy tusTaB tU0OBJ TUT TUREST T ZWAi
i
(Different locations of the measurement where
process)
Reproducibility over time USTAB ugy =max{ugyr,Ugvo,URE |
Intgractions U|Ai
Inhpmogeneity of measurand UOBJ
Temperature ur
Other uncertainty components UREST
(megasurement process)
The| combined standard uncertainty of the measuring system can be estimated using the formula:
2 2 2 2 2
lims = \/”CAL TuUpN tup| T UEy T UMS-REST
whdre
ey = Max{ugyR, URe |
In agimilar way, the combined standard uncertainty of the measurement process can be estimated using|the formula:
2 2 2 2 2 2 2 2 2 2,2 2
mp = \/”CAL Tu N fUg)tUEy TUNS.REST TUAY TUGy TUSTAB TUOBY T UT TUREST T ZulAi
i
whdre
gy = MaX{WEVR, UEVO-URE |
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8.2 Calculation of expanded uncertainty

We can find the expanded Ums from the standard uncertainty ums by multiplying the uncertainty by the
coverage factor k.

Uns =k -ups

The same method is used to find the expanded Unmp from the standard uncertainty ump

Uvp =k -uyp

Calculation
coverage fg

NOTE I
of the stand

U = 1‘1_(

The numbe
operators, {
minus 1 (ny

EXAMPLE 1
For v=
EXAMPLE 2

For v=

of the expanded uncertainty is based on an approximate 95 % confidence interval; therefore
ctor k=2 is used.

f the sample size n is smaller than the preferred 30, it is necessary to use Student’s ¢ distribution ing

/2)(V) i

he number of gauges and the reduction in the value 1 of the nuniber of repeatability measurem

“(k=1)).

3 workpieces, 2 operators, 2 gauges and 3 repeated measurements:
3-2-2:(3-1) = 24, one will find t1_(a,2)(24) =211
3 workpieces, 2 operators, 2 gauges and 2 repeated measurements:

B2:2:(2-1) = 12, one will find #1_(4,/2)(12) = 2,23

the

tead

ard normal distribution to estimate the uncertainty components. This will then result 'in the expanpded
measurement uncertainty:

I of degrees of freedom v is obtained from the product of the numberyof workpieces, the numbér of

bnts

Hex.

D be
nis
MP).

9 Capability

9.1 Performance ratios

9.1.1 General

The capability of a measurenient process can be calculated either as a performance ratio or a capability in

Calculating|of indices is preferred.

To assess Ilhe measuyring system or the measurement process, the performance ratio (QOms or Qup) is t

calculated ased on-the measurement uncertainties given in Clause 8. According to Clause 8, a distinctig

made betwgenthe performance ratios for the measuring system (Oms) and the measurement process (Q

It is recommefided-that-Ons-dees-hetexceed1o-%anrd-Onp-dees-het-exceed-30-%{(by-commen-practice).
The 95 % confidence interval should be calculated for the uncertainty of the calculated ratios.

The process spread (99,73 % interval of the production process) can be used as an alternative reference
figure, when the measurement process is used as a part of SPC (statistical process control) system.

9.1.2 Performance ratio of the measuring system

Oms =

2.Uy,

S 100 (%
U (%)

The formula is based on the specification as reference.

24
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9.1.3 Performance ratio of the measurement process

2-Uvp
= 100 (%
Ovp =, (%)

The formula is based on the specification as reference.

9.2 Capability indices

The two capability indices (for system and process) can be calculated based on the general definition of a
Cap hilii‘y ndaxv which can hg faorind in 1ISO 3534 '):’)nﬂR, 27

The| capability of a measuring system can be expressed as a capability index called Cys.

The| capability of a measurement process can be expressed as a capability index ealled Cyp.

It isrecommended that Cys and Cyp exceed 1,33.

10 | Capability of the measurement process compared to the capability of the pro-
dug¢tion process

10.1 Relation between observed process capability and measurement capability rato

Theye is the following connection between an-observed process capability or process performance (Cp; obs
Pp; $bs), the actual real process capability;or performance (Cp;p, Pp:;p) and the capability ratio (Pmp) of the
medsurement process:

-0,5

1 2

Cpip =[ 2 _2’25'QMP]
P;obs

Details of the derivation‘efi this formula are given in B.4.
Thelformula is baséd)on the following assumptions.
— [Measuremegnts of the manufactured characteristic are normally distributed.

— | The production process is normally distributed and in a state of statistical control.

— | The calculation of the Cyp index is based on 99,73 % reference value estimated by 6 standard deviations.

— The observed, empirical standard deviation is:

2 2 2 2
Sobs ~ (0B +0p)x (V)

where
op denotes the standard deviation of the production process;
OMP denotes the standard deviation of the measurement process.
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The area of uncertainty regarding the specification limits is symmetrical.

The coverage factor used to calculate the combined uncertainty is 2.

EXAMPLE The formula above, Figure 5 and Tables 10 and 11 below show that a real capability index of 2,21 from an
actual production process when the measurement capability figure Omp =40 % results in a observed capability index of 1,33.

NOTE This example is about theoretical capability indices. The estimated capabilities are random variables subject
to error and an estimated observed capability index in this situation will vary around 1,33 with a variation that depends on
the sample size.

YA
A %0, 0,,=50% 0,,=40% 0,» =30 %
3.8 | /
3,6 / /

3,4
3,2

w
\§~
NN

N
N

O =20 %

\

~—~10,.=10%

\‘ \\
\\\,lk\ -
\
\
A

0506070809 1 111213141516 1,7 1,819 2 ;(

Key
X observed C-value
Y real C-value

Figure 4 — Capability index of the process alone as a function of the observed capability index for a
range of capability fractions of the measurement process

Table 10 — Observed and real indices

Observed Real C — value for the process with...

¢ -value Owp =10 % Omp =20 % Omp=30% Omp =140 % Omp =50 %
0,67 0,67 0,68 0,70 0,73 0,77
1,00 1,01 1,05 1,12 1,25 1,51
1,33 1,36 1,45 1,66 2,21 18,82
1,67 1,72 1,93 2,53 na na
2,00 210 2,50 4,59 na na
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EXAMPLE A capability value Cp = 1,00 is calculated based on measurements from a production process and the
measurement process has a Qup = 30 %.

-0,5 -0,5
=1 ~2,25-0fp =[112—2,25-0,32} =11185

p;p 2
Cp;obs

10.2 Relation between observed process capability and measurement capability

The relation between the process and measurement capability can also be calculated. The following connection
exists between an observed process capability or process performance (Cp: ohs Pp: ohs). the actual real process
cappbility or performance (Cp;p, Pp:;p) and the capability index (Cump) of the measurement process:

1

C..
p:p
\/1+(O'Mp /O'l:))2

Table 11 — Observed and real indices

Observed Real C - value for the process when...

C -value Cmp=2 Cvp = 1,66 Cvp=1,33 Cvp =1 dup=0,5
0,67 0,67 0,67 0,68 0,68 0,73
1,00 1,01 1,02 1,03 1,05 1,25
1,33 1,36 1,37 1,89 1,45 2,21
1,67 1,72 1,75 1,79 1,93 59
2,00 2,10 2,14 2,24 2,5 Na

11 |Ongoing review of the measurementprocess stability

11.1 Ongoing review of the stability

The| short-term as well as the long-term stability has to be taken into account when the capapility of the
medsurement process is calculated. However, a change in bias caused by drift, unintentional damage or new
addjtional uncertainty componénts, which were not known by the time of calculation of the capability, can
chapge the bias in the measurement process over time. A control chart should be used to detefmine those
posgible significant changes in the measurement process.

Thel following sequenee is recommended.
Step 1:
Se

g¢ct an appropriate reference standard or calibrated workpiece with a known value for the test chiracteristic.

Step 2:

Carry out regular measurement of the reference standard (workpiece).
Step 3:

Plot the measured values on a control chart. The action limits are calculated in accordance with known methods
of quality control charting techniques (see ISO 7870-1).

Step 4:

Check for out-of-control. If no out-of-control signal is detected, it is assumed that the measurement process
has not changed significantly. If an out-of-control signal is detected, the measurement process is assumed to
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have changed and shall be reviewed. With this approach, the measurement process is continuously monitored
and significant changes can be detected.

NOTE It is important to determine the qualification interval to be taken into account by the calibration of the
measuring system.

11.2 Monitoring linearity

If there was doubt about the linearity of the measuring system during the calculation and if a regression
function has been experimentally determined, the method given here can be used for the ongoing review of the
linearity of the measuring system.

This methodl can be used for the continuous monitoring of the measurement with a suitable quality control'chart
(SPC chart]. A chart gives a signal when the regression function needs to be updated.

Step 1:
Calculate cpntrol limits with statistical figures found in 7.1.3.

Upper/lowef control limits:

D
UeL = 'Z’m—s/zm(”K -2)

L
Lol =1 Etu_g J2x)(nK = 2)
Step 2:

Select the K reference standards. The reference standards (minimum 2) must be chosen in a way that their
nominal valpes cover the range of observations that occur diring the actual production conditions.

Step 3:

Repeat meIsurements on the reference standards:For example, the reference standards should be measiired
every day i a working week.

Step 4:

Transform the p measurement values on' the K standards. Transform the p values of the K standards witH the
help of the fegression function:

Then, calcylate each.of the differences between the “true” and the transformed values.
Step 5:

Plot the differehees-er-acentrot-chart

Step 6:

Decide the validity of the regression function. This decision will depend on whether all the differences of all
standards are within the control limits. Apply all of the appropriate SPC rules as described in ISO 7870-1.
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12 Capability of attribute measurement processes

121

General

7:2012(E)

Because of the nature of attribute measurements, it is only possible to obtain an outcome that is either
conforming or not. To establish the capability of the measurement process, a large number of measurements
are required.

A suitable approach for calculating the capability of attribute measurement processes must take into account
that the probability of a particular test result is dependent on the characteristic type. For example, the probability

of

correct-testresuli-is nnarly 100 9/\‘ of actual-measured-values-that-lie—outside-the-uncertaint

/ limits. For

info
50 §
unc

Inp
tab
two

12.]

When a calculation of measurement capability has to be done without using reference values, o

whsg
whsg
no 1

The
into
(zon

The

brtainty zone should, as a rule of thumb, not exceed 20 %.

method), without or with reference values\(signal detection approach). If reference values are

p

mation about the specification limits, see Figure 5. On the other hand, the probability is‘ap
o if the measurement results lie in the middle of the uncertainty range (“Decision by pure ch

L

Il

MP MP

Figure 5 — Uncertainty range (ll)

inciple, the proposed approach makes a distinction between calculation of measurement capa

step approach is proposed.

Capability calculations without using reference values

ther or not there are significant differences between operators can be made. However, an asj
ther or not the test has'ted to the correct result cannot be taken. This fact must always be consi
eference values are'present.

choice of test/parts may have a decisive influence on the outcome of this test method. It canr
account jn.this case. At least a proportion (e.g. 40 %) of the test parts should be in the uncer
e Il in Eigure 5).

following standard experiment is proposed.

proximately
ance”). The

Dility (cross-

available, a

hly a test of
essment of
dered when

ot be taken
ainty range

At least 40 different test parts should be tested 3 times by 2 different operators, called A and B.
Each of the 120 different measurement results on the 40 parts, which the operator A or operator B has achieved,
is assigned to one of the following three classes.

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”.

An example of a test result is summarized in Table 12.
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Table 12 — Test result from an attribute measurement process

Operator B
Frequency
Class 1 Class 2 Class 3
"y Result “+++” Different results Result “- - -”
Class 1
7 3 1
Result “+++”
Class 2
Operator A 10 4 7
Different results
Class 3
2 1 5
Result “- - -”

The two op
differences

respect to main diagonal.

The hypoth

with respect to the main diagonal are identical.

Test statisti

%2 -distribytion with 3 degrees of freedom.

The null hyg
on symmet

3 degrees o¢f freedom. In this case, the hypothesis is reje¢ted because the calculated value 8,603 is greg

than the va

In principle,

three tests ¢n the measured object and subsequently, all combinations of two combinations of operators sh

be tested in

NOTE |
12.3 Capd

12.3.1 Cald

This metho
address the

brators in Table 12 can now be tested using a Bowker-Test of symmetry. If there are.no signifi
between operators, the resulting frequencies in Table 12 will be sufficiently 'symmetrical

bsis Ho: mij =myji (i, j =1, ..., 3 with i # ) says that the frequencies mij and /i which lies symmet

2 a2 N2 (172
c §2= z (nyy = i) _(10=3)7  2=17 (1=7) = 8,603~ compared to 1-« fractile in
P i +nj; 10+3 2+1 1+7

othesis test states that changes from one category tg-another are random in nature. The hypoth
y is rejected on the level if the test value is greater than the 1—« fractile in the ;(2 -distribution

ue 7,815 which is the 95 % fractile of the 12 (3) distribution.

this method is also to be used with.more than two operators. In such cases, each operator ma

dividually.

h this case, the significance level is changed for the overall statements by these multiple tests.
bility calculations-using reference values

ulation of the)uncertainty range

the lower specification limit and 25 % of the workpieces at the upper specification limit.
The purpos%mwmwmwmnmmmmmmm an

area.of.risk around the specification limits, about 25 % of the workpieces should be at or clos

J is based on signal detections and therefore requires workpieces with known reference valuesy.

cant
Wwith

Fical

the

esis
Wwith
ater

kes
buld

To
e to

unambiguous decision. Figure 6 illustrates the test results of an attribute measurement process obtained from
a set of reference values.

30

© 1SO 2012 — All rights reserved



https://standardsiso.com/api/?name=58733cf8625eb34c46db67478a26cec7

ISO 22514-7:2012(E)

Part No. 1 Part Descr. MSA Third Edition
Char. No. 1 Char. Descr. Attribute Study
Ref. 1 A2 A B B2 C XC2
0,599581
0,587893
0,576459
0,570360
0,566575
e el
0,581457
0,559918
0,547204
0,545804
0,544951
e
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0,531939
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Figure 6 — Test result of an attribute measurement process

12.3-2-Symbels

In Figure 6, 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.
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12.3.3 Working steps for determining the uncertainty range

Step 1:

Sort the table according to the measured reference size. In Figure 6, a sorting in descending order is made -

from the highest reference value descending to the lowest reference value.

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 “+”.

Step 3:

Select the f
is the trans

Step 4:

0,566 152

0,561 457

rst reference value for which all operators the first time assessed all results being approved. [This

“ o »

tion from symbol “X” to the symbol “+".

0,543 077

0,542 704

Select the Iast reference value for which all operators last time assessed all the results as being approved. [This

is the trans

Step 5:

Select the fi
(not approvi

Step 6:

Calculate th
unsatisfied

dur=0,

tion from the “+’ symbol to the symbol “X”.

0,470 832

0,465 454

st reference value for which every'‘eperator has again first assessed all the results as unsatisfagtory

bd). This is the transition from symbol “X” to the symbo

|u ”

0,449 696

X

0,446 697

e dyRr interval from the last reference value, for which all operators have assessed the result as

not approved) to the first reference value, for which all operators have the result as approved.

666152 — 0,542 704 = 0,023 448

Step 7:

Calculate the d|Rr interval from the last reference value, for which all operators have assessed the result as
approved to the first reference value, and for which all operators have the result as unsatisfied (not approved).

dr =0,470 832 — 0,446 697 = 0,024 135

32
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Step 8:
Calculate the average “d” of the two intervals:

d=(dur + dLR)/2 =0,023 448 + 0,024 135 = 0,023 791 5

Step 9:
Calculate the uncertainty range:

Lse=dI2 = (0 023 791 5)/2 and

ISO 22514-7:2012(E)

Oattr = 2 Uatr/(U— L) = 2 - [(0,023 791 5)/2]/0,1 = 0,24 where U— L = 0,1 mm

Thuk, we find QOattr = 24 %.

YA
0,6
USL 4 U
0,55
USL
0,5
LSL +
0,4
LSL -
074 I N N N N ! s N N N | N N N N | N N N N | | >
0 10 20 30 40 50 X
Key
X reference number
Y ttribute studys({mm)
Figure 7 —Value chart
FIgLIU 7 OhUVVO GIIUthUI VVGy Uf IU'JIUOUI It;lly thU MMIrCAaour Irimel It uaqulllty \Jf G:: tUDt IUOU:tO, a:: tl reference
values and the uncertainty range. Some practitioners may prefer this display.
NOTE The effort for this method is considerable as, in this example, in addition to the 50 reference measurements,

at least 450 other test measurements have to be made and documented.

For the selection of workpieces, it must be presumed that the uncertainty region will be covered (see Figure 6).
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12.4 Ongoing review

Because of the fact that the measuring system can change e.g. caused by wear, it is necessary to periodically
conduct a review of the system.

For ongoing monitoring of the measurement process, at least one operator should measure at least three
workpieces all with defined reference values. The workpieces should be selected in a way that the reference
values are located outside the uncertainty ranges so that a clear result can be expected (all tests are consistent
with the reference value; see Figure 8, e.g. a workpiece in zone | (lower), a workpiece in zone Ill and a
workpiece in zone | (upper).

The test is
measuring

The size of
actual defin

UMP;ma

Take into ac

Use binomi

L

I |

k= Omp (U—L)/2

<« < > O —
UMP UMP UMP UMP

bl distribution to calculate'the’confidence interval.

Figure 8 — Uncertainty range

hccepted if all three test results are consistent with, thesreference value. If this is not the case| the
bystem should not be used until it has been corrected or changed.

the uncertainty range can either be determinedexperimentally (see Clause 11), or derived fron| the
ed requirements for an appropriate measurement process (Q).

count that the extended uncertdinty is usually given to be the 95 % level. In this test, itis not calculdted.
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A1

Example of linearity study with at least three standards

Annex A
(informative)

Examples

ISO 22514-7:2012(E)

AA1
Thig

1 General

example has been taken from ISO 11095. The example describes an experiment carfied out on
system (an optical microscope with a measuring device). The data are measured values and tru
intefvals in the range of 0,5 microns to 12 microns. It is assumed according to the calibration certifi
calibration uncertainty ucal is 0,005 pm.

Table A.1 — Values from repeated measurements on reference materials

an imaging
e values of
ate that the

Conventional true values x;,

Values y,; from K = 4 repeatability measurements

on N = 10 reference materials

of the 10 reference materials
Vn1 Yn2 Vn3 Vn4
6,19 6,31 6,27 6,31 6,28
9,17 9,27 9,21 9,34 9,23
1,99 2,21 2,19 2,22 2,20
7,77 8,00 7,81 7,95 7,84
4,00 4,27 415 415 415
10,77 10,93 10,73 10,92 10,89
4,78 4,95 4,87 5,00 5,00
2,99 3,24 3,17 3,21 3,21
6,98 7,14 7,07 718 7,20
9,98 10,23 10,02 10,07 10,17

Data in Table A.1 are plétted in Figure A1.
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Figure A.1 — Plot of measured and true values

A.1.2 Estimations of regression function parameters:
Given valugs:

N=10 Number of standards

K=4 Number of repeatability measurements
Calculated yalues:

X =6,462 Arithmetic mean of true values

y =6,614 Arithmeti€¢ mean of measured values

Estimated parameters:

B, =0235%8 y-axis intercept

B, =0,9870 Slope
Regression function y, =0,2358+0,987x,

Residual e,; =y, -3, =, —(0,2358+0,987x,)
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Table A.2 — Calculation of residuals

ISO 22514-7:2012(E)

True values x, Estimated Residuals
of the 10 reference materials | Vvalues j, en eno ens ena
6,19 6,345 5 -0,0355 -0,0755 -0,0355 -0,0655
917 9,286 9 -0,016 9 -0,076 9 0,053 1 -0,056 9
1,99 2,2000 0,010 0 -0,0100 0,020 0 0,000 0
7,77 79050 0,0950 -0,0950 0,0450 -0,0650
4,00 41839 0,086 1 -0,0339 -0,0339 -0,0339
10,77 10,866 2 0,063 8 -0,136 2 0,053 8 0,023 8
478 4,953 8 -0,003 8 -0,083 8 0,046 2 0,046 2
2,99 3,187 0 0,0530 -0,0170 0,023.0 0,023 0
6,98 71253 0,014 7 -0,0553 0,054’7 0,074 7
9,98 10,086 4 0,143 6 -0,066 4 +0,016 4 0,083 6
A.113 Estimation of the uncertainty components
Calgulation of estimates of the uncertainties due to the lack of adaptation of regression function| (lack-of-fit)
uL N, (Table A.3) and from the repeatability of the standards (pure etfor)ugyvR:
Table A.3 — Calculation of ‘'variance
Uncertainty Degrees of Sum of Estimated _ .2 Test statistic | Cyitical value
cpmponent freedom squares variafnce Uy =No F Fo
v SS 62
Lagk of fit 8 Ss LIN 0,002 8 0,053 3 0,691 8 2,266 1
Repeatability
on ktandard 30 Ss EVR 0,004 1 0,064 1
Ssg= 0,146 2 (0,146 222 631 4)
Ss #vr=0,123 4 (0,123 450 000 0)
Sslin= 0,022 8 (0,022 772 631 4
Fo.b5(8,30) = 2,266 1
A.2 Experimental determination of the measurement process uncertainty
In afdition tostheé estimated uncertainty components from the measuring system found in A.1, somle additional

uncgrtaintyseemponents (ugvo, uav, uiaj) from the measurement process should be determined by th
of the results from this process under the real conditions. In Table A.4, the following data are colle]

b evaluation
cted:
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