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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 proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This part of ISO 14253 belongs to the general geometrical product specification (GPS) series of
documents (see ISO 14638). It influences chain link F of all chains of standards in the general GPS matrix.

The ISO/GPS matrix model given in ISO 14638 gives an overview of the ISO/GPS system of

which this

international standard is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this
part of ISO 14253 and the default decision rules given in ISO 14253-1 apply to specifications made in

accordance with this part of ISO 14253, unless otherwise indicated.

MOY d d dDOU
the|GPS matrix model, see Annex B.

Dedision rules for deciding conformity or non-conformity to specifications are’ bas
megasurement uncertainty incurred while testing.

Usual practice in measurement familiarizes metrologists and practitioghers with mg
uncertainty. Any possible effect that may affect the measurement result is.considered and

hrds and to

bd on the

asurement
quantified

as gn uncertainty component and is eventually included in the combined uncertainty. The purpose

of the measurement is to gather quantitative information on a given'measurand, and the
stalement expresses how reliable that information is.

In the case of tests of indicating measuring instruments, the purpose of the measurement is to
one|or more metrological characteristics of the indicating méasuring instrument rather than
characteristics of features of a workpiece. The uncertainty-being evaluated in this case, thg
uncertainty, quantifies the accuracy of the test value, The test detects the quality of the
megsuring instrument, reported through the test values and not through the test value uncer

test value uncertainty for indicating measuging instruments is not conceptually trivial t
careful consideration is necessary to detérmine which uncertainty components should
shopld not be accounted for.

Sonpe tests of indicating measuring inStruments may be relative to quantities other than
indjcations, or a single test may investigate both the instrument indication(s) and other
chafacteristics. An example is aytest of a micrometer investigating the indication error (s
MPE) as well as the measuring force (subject to an MPL). For tests, or portions of them,
metfrological characteristics other than instrument indications, this part of ISO 14253 is not
they are about quantitjes for which the application of the ISO/IEC Guide 98-3 (GUM)

[SO[14253-2 is conceptually straightforward, with no need of further guidance in this part of]
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Geometrical product specifications (GPS) — Inspection by
measurement of workpieces and measuring equipment —

Part 5:
Uncertainty in verification testing of indicating

m

Thi
der
obt

NO']
med
The
and

Wh
the
con|

Thi
onc

2

Thd
ind
refq

ISO
coo

ISO
and
spe

ISO

gasuring instruments

Scope

5 part of ISO 14253 specifies concepts and terms for evaluating the uncertainties of the
ved according to a test protocol agreed upon by the parties and relative.te‘instrument in
hined in verification testing of GPS indicating measuring instruments:

E The uncertainty of the test values, referred to as test value uncertainty, is not to be confu
surement uncertainty associated with using that indicating measuring instrument to measure
former only is covered in this part of ISO 14253; for guidance onthe latter see the ISO/IEC Guide
ISO 14253-2.

bn a test of an indicating measuring instrument comprises several test values, some
instrument indication and some to other metrolegical characteristics, this part of IS
cerned with the uncertainty of the former only.

5 part of ISO 14253 does not provide guidelines to ensure the adequacy of a test proto
b a test protocol is given, it describes howto evaluate the consequent test value uncertai

Normative references

following documents, in whole or in part, are normatively referenced in this documsg

rences, the latest edition of the referenced document (including any amendments) applidg

10360-1:2000, Gegmetrical Product Specifications (GPS) — Acceptance and reverificati
rdinate measuring-machines (CMM) — Part 1: Vocabulary

14253-1:2013;-Geometrical product specifications (GPS) — Inspection by measurement of
measuring{ equipment — Part 1: Decision rules for proving conformity or nonconfo
ifications

won

test values
dication(s),

ed with the
workpieces.
98-3 (GUM)

relative to
D 14253 is

col; rather,
nty.

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

S.

n tests for

workpieces
rmity with

irement of

TR\14253-6:2012, Geometrical product specifications (GPS) — Inspection by meas

of instruments and workpieces

id rejection

ISO 14978:2006, Geometrical product specifications (GPS) — General concepts and requirements for GPS
measuring equipment

ISO 17450-2:2012, Geometrical product specifications (GPS) — General concepts — Part 2: Basic tenets,
specifications, operators, uncertainties and ambiguities

[SO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)
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3 Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 10360-1, ISO 14253-1,
ISO/TR 14253-6, ISO 14978, ISO 17450-2, ISO/IEC Guide 98-3 (GUM), ISO/IEC Guide 99 (VIM), and the
following apply.

31

test

<of a GPS indicating measuring instrument> sequence of preparatory, measurement, mathematical and
decisional actions according to a test protocol

Note 1 to e:]:ry: Not all steps in the sequence are necessarily present in a test protocol.
Note 2 to enftry: Tests are often used to verify the specifications of a GPS indicating measuring instrument.

Note 3 to enftry: The specification of an indicating measuring instrument may be expressed by one,or more MPEs
(Maximum Permissible Errors).

Note 4 to e:]:ry: Prominent cases of tests are the acceptance test and the reverification test.

Note 5 to enftry: This term is sometimes used in a wider sense, encompassing cases when’a test produces a binary
or categoridal result. An example of a binary assessment is determining whether ‘or not a software algorithm
converged. For the purpose of this part of ISO 14253, tests are restricted to thos€ based on test values.

Note 6 to entry: See Figure 1.

3.2
test instance
combinatiqn of test equipment, set up, measurement sequence, environmental and instrumeptal
conditions|of a test, which yields a test value(s)

3.3
permissiblle test instance
test instanfe in compliance with the test protoc@l, and with the alternatives and stipulations thereip

Note 1 to erftry: An alternative occurs when the fest protocol allows options, either discrete among enumerfited
cases, or cofitinuous in a range of permissible values. An example of the former is the choice of the test equipnfent,
e.g. a gauge|block or a step gauge for testing a CMM; an example of the latter is the ambient temperature within
the requiredl test conditions.

Note 2 to erftry: A stipulation oceurs/when the test protocol specifies the amount of measurement in a test, €.g. a
specific number of repeated meéasurements.

Note 3 to gntry: A test may/be subject to alternatives and stipulations at the same time. For instance, [test
equipment {s applied totar indicating measuring instrument in a limited number of configurations (stipulatfion)

Note 4 to ¢ntry: Alternatives serve two purposes. (1) To accommodate to actual conditions For instance

to the time of testing, to encourage the 1nd1cat1ng measuring lnstrument manufacturer -1in order to av01d non-
acceptance of the instrument - to deliver overall compliant indicating measuring instruments. For instance,
some procedural details may be left to the tester counterpart (3.14) to decide at the time of testing, to force the
manufacturer to deliver a compliant indicating measuring instrument for any possible procedural option.

3.4

test measurand

metrological characteristic of an indicating measuring instrument intended to be verified in a test,
based on a single permissible test instance, defined by a test protocol

Note 1 to entry: A test protocol may allow for multiple permissible test instances, to adapt to actual circumstances

and to limit the experimental effort. The test measurand is defined for each single test instance, and different
permissible test instances may give raise to different test measurands.

2 © IS0 2015 - All rights reserved
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3.5

test protocol

predefined detailed specification of a test which defines the test measurand, the required test
conditions and a decision rule

Note 1 to entry: The test protocol is defined either by relevant standards or - when none is available - by the
tester or the tester counterpart (3.14).

Note 2 to entry: The tester and the tester counterpart are to agree upon the test protocol prior to the test.

Note 3 to entry: A default decision rule is given in ISO 14253-1. See ISO/TR 14253-6 for guidance in defining
alteprative-deetstonrdes:

Note 4 to entry: An unambiguous test protocol is crucial for the effectiveness of a test. dn particular, the
defipition of the set of permissible test instances constitutes a trade-off between thoroughness,and practical and
ecomomical viability of the test.

Not¢ 5 to entry: As the default rule in ISO 14253-1 is stringent and conservative, in'this case the|verification
appfoaches a proof in an absolute sense.

3.6
measured test indication
restilt of a measurement performed in a test, which contributes to‘the test value according to a test
opefator

Note 1 to entry: A test value may be based either on a single or onnitltiple measured testindications, s stipulated
in the test protocol.

3.7
test operator
preflefined sequence of mathematical and/orzstatistical operations applied to the medsured test
indjcation(s) collected in the test to deliver a test value

Note 1 to entry: Each test value is delivered-according to a test operator. In the case of a test yielding nultiple test
valyes (see 3.8 Note 4 to entry), as many{est operators are needed.

Note¢ 2 to entry: The operations in the sequence can be divided in four broad categories: outlier rej¢ction, noise
rediiction, statistics, and other mathematical operations.

— |Examples of outlier rejection: (1) discarding measured test indications above the 99th percg¢ntile of the
measured test indications collected in the test; (2) when no more than 2 % of the measured test indications
causes failure to meebthe specification, repeating those measurement three times.

— |Examples of neise reduction: (1) taking the median of repeated measurement values; (2) pgrforming a
(spatial) freqdency analysis and discarding all wavelengths above a predefined threshold.

— | Examples.of statistics: taking (1) the mean or (2) the maximum of the absolute values of the m¢asured test
indicatiens collected in the test.

— |ExXamples of other mathematical operations: (1) computing a Gaussian (best-fit) sphere assocjated to the
coordinates obtained as measured testindications, and the individual distances of each measuredtestindication
to the sphere centre; (2) computing the mean of the measured test indications taken in a scan over a line.

3.8
test value
quantity value measured in a test estimating the magnitude of a test measurand

Note 1 to entry: A test value is based on the measured testindication(s) and is derived according to the test operator.

Note 2 to entry: A test value cannot usually capture the performance of an indicating measuring instrument in
full, because is limited as regulated by the test protocol.

Note 3 to entry: A test value may be derived from several measured test indications, according to the test operator.

© IS0 2015 - All rights reserved 3
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Note 4 to entry: A test may yield more than a test value. For example, a test may address several metrological
characteristics of an indicating measuring instrument for which MPE’s are set, resulting in as many test values.

Note 5 to entry: Figure 1 depicts the case of a test with a single MPE. When more are present in a test, items 3 to
7 are repeated for each MPE.

Note 6 to entry: There may be cases when no MPE is set to compare with. Possible examples are when a dismissed
indicating measuring instrument is being reintegrated, or when an MPE originally stated in the data sheet is
being adapted to the actual requirements of a company prior to reverification testing. In these cases, items 5 to 7
are missing, and the test terminates with the determination of the test value(s).

1
Preparation and

measurement
Measured test 8
indication(s)
oy
3 = 9
Test operator % Test protocol
=)
)
[
~
Test value 4
6

5 Decision rule
g

7
Acceptance/rejection

Figure 1“— Schematic of a test

3.9
test value [uncertainty

test uncertfainty

measuremgnt uncertainty associated to a test value

Note 1 to eptry: The test#7alue uncertainty is not a measure of the performance of the indicating measufing
instrumentjunder test; the performance is captured by the test values.

Note 2 to elltry: Thetest value uncertainty is commonly used in the application of decision rules.

Note 3 to efptryr The test value uncertainty is usually controlled by and is the responsibility of the tester, who
usually provides and uses the test equipment. See 7.4 when alternative test equipment 1s provided by the tester
counterpart (3.14).

Note 4 to entry: The test value uncertainty does not include any definitional uncertainty due to possible non
uniqueness of test values in a permissible test instance. By agreement on the test protocol, the test is valid for
any permissible test instance, for each of which a unique test measurand applies (see 3.4 Note 1 to entry).

Note 5 to entry: The test value uncertainty reveals neither the effectiveness of a test protocol in assessing a
metrological characteristic, nor the reproducibility of a test value over different permissible test instances.

4 © IS0 2015 - All rights reserved
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3.10

test equipment

measuring system and its accessories used in a test, other than the indicating measuring instruments
under test and its recognized accessories

EXAMPLE 1 Inthe test of a micrometer, the test equipment may be a set of gauge blocks.

EXAMPLE 2 In the test of a CMM, the test equipment may be calibrated test lengths and a calibrated sphere
with their supports.

3.11

basaasaa it aladad st bty
lns LI UMIIICIIL 1T LidLtvu lll}l“l' \.luulllpll-]

inpyit quantity affecting a test value, associated with the indicating measuring instrument

EXAMPLE 1 The distributed temperature - and its spatial and temporal gradients £|of th¢ indicating
medsuring instrument.

EXAMPLE 2 The distributed strain due to deformation of the indicating measuring,iistrument inquced by the
load of the test equipment weight.

3.12
test equipment-related input quantity
inpyit quantity affecting a test value, associated with the test equipnient

EXAMPLE 1  The distributed temperature - and its spatial and tefnporal gradients - of the test eqipment.

EXAMPLE 2  Displacement of the test equipment relative tothe indicating measuring instrument occurring
durjng the test (drift and rock), and strain of the test equipment'due to fixturing.

Note 1 to entry: While testing indicating measuring instrunients, the usual roles in measurement of the indicating
megsuring instruments and of the workpieces are reversed (what measures what, see the Introduction). Typically,
for workpiece measurements, a known accuracy'dndicating measuring instrument measures atl unknown
characteristic of the workpiece. But in this part of 1SO 14253, known accuracy test equipment is used to measure
test|values of an unknown accuracy indicatingmeasuring instrument. In light of this, the test equiprhent-related
inpyt quantities are influence quantities (see-ISO/IEC Guide 99:2007, 2.52, EXAMPLE 3), while the fnstrument-
relafed input quantities are not.

3.1
tester
parky who performs a verification test

3.1
tester counterpart
parfy in a test othier)than the tester

Note 1 to entpys In'an acceptance test, the tester counterpart may be either the customer or the supplier, possibly
repfesentedbya third party.

Not¢ 2-.to.entry: In a reverification test, the tester counterpart is the user, possibly represented by a third party.

3.15

tester responsibility criterion

criterion according to which an input quantity is accounted for as a test value uncertainty component if
and only if it is controlled by the tester, either directly or indirectly

Note 1 to entry: Examples of uncertainty components under the tester’s direct control are the thermal
stabilization and the set up of the test equipment.

Note 2 to entry: Examples of uncertainty components under the tester’s indirect control are the calibration
uncertainties of the test equipment: even if these values are determined by calibration laboratories and not by
the tester, the tester controls them indirectly by selecting which equipment, when alternatives are allowed, and
which calibration laboratory.

© IS0 2015 - All rights reserved 5
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3.16

user-provided quantity value

quantity value provided by the user of an indicating measuring instrument in normal operation,
necessary for the indicating measuring instrument to perform as designed

Note 1 to entry: Indicating measuring instruments use user-provided quantity values to compensate for
predicted systematic effects, e.g. a user-provided CTE (Coefficient of Thermal Expansion) of the material of the
workpiece/artefact is used to compensate for its thermal expansion.

Note 2 to entry: Not all indicating measuring instruments require user-provided quantity values.

Note 3 to ept

realize the (
- typical foy

Note 4 to e
among a list

Note 5 to eptry: When indicating measuring instruments are tested, the tester is requiredtd provide the

provided qu

4 Gene

ISO 14253-
way, regar
to an indid
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efault occurring. For example, the user-provided CTE in Note 1 to entry may default to 11,5 - 10
steel, taken for the actual compensation unless the user actively inputs another quantity value.

htry: An indicating measuring instrument may let the user choose a user-provided guantity v
of predefined values or cases, e.g. in its software interface.

antity values (if any).

ral

1 handles the demonstration of conformity (or nonconformity) to specifications in a unifi
Hless of whether the specification corresponds to a workpiece (passive in measurement
ating measuring instrument (active in measurement).No difference is made between

not
K-1

hlue

ser-

brm
) or
the

two cases,
(for the in
provides a
which is an

apart from the specific terms tolerance (for the workpiece) and maximum permissible efror
struments) replacing the generic term specification. This uniformity is very valuable, gs it
unified approach. In both cases, the decision riile is based on the measurement uncertainty,
essential part of it.

The evaludtion of the measurement uncertainty*when testing workpieces might not be simple, byt is
conceptually straightforward. What is specified-and subject to testing is dimensional or geometifical
characteristics of one or more features pf\the workpiece. GPS provides a sophisticated, detafled,
unambigugus set of linguistic, symbolic.and conceptual tools to specify characteristics of featufres.
All the infgrmation needed for the testiis contained in the workpiece specification, e.g. the technical
drawings. The tester can choose (based, e.g. on economics) between several measurement instrumé¢nts
all

and technigues to test if a given part conforms to specifications. Alternative testing methods ar¢
intended t¢ deliver the same test value within their different uncertainties.

ght
ive of
nts.
for
J|the
rent
sks
and environmental conditions should be tested, but this is usually impossible, and certainly not viable
economically.

To make a test feasible, well-defined and valuable, a test protocol is needed. The test protocol specifies
the test measurand and the requirements needed to fulfil the test, e.g. the measurement procedure, the
test equipment, etc. The test protocol is a trade-off between thoroughness and economical viability,
often admittedly not providing full coverage of the variables included under MPE rating. To mitigate the
lack of coverage for economic reasons, the test protocol may sometimes allow for a family of procedures
for acceptance testing, leaving the purchaser freedom to choose one at the time of the test. This way
the instrument manufacturer is encouraged to have compliant indicating measuring instruments for
any procedure in the family. A good test protocol will cover a high fraction of the indicating measuring
instrument performance with a limited effort and cost.
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Once the parties agree to use a test protocol, any set of alternatives and stipulations described therein
is allowed. The question arises then whether the variability of test values resulting from different
permissible test instances is to be accounted for in the test value uncertainty. For example, if the test
protocol imposes a limited number of measurements, while more would lead to different test values,
the question arises whether this variability is part of the test value uncertainty.

Clauses 5 to 7 of this part of ISO 14253 address this issue and give recommendations on what to account
for or not to account for as a test value uncertainty component.

5 Test measurand

5.1 General

Thd
inst
dec

test measurand is an instance of a metrological characteristic of an indicating
rument. Its magnitude is estimated by the test value, usually compared with a specif
de upon acceptance or rejection of the indicating measuring instrument, ‘taking account

measuring
ed MPE to
of the test

vallle uncertainty. Each permissible test instance defines its own test measurand.

NOTE The same test may consider more than one test measurand, if SeyTegulated in the test| protocol. A
single test measurand is dealt with hereafter for sake of simplicity; in case of multiple test measufands, what
follgws applies to each of them.

A t¢st is regulated by a test protocol, which specifies the-test measurand and the permjssible test
insflances. The alternatives admit different test instances“as equally valid, while the stipulations
confine the investigation. A good test protocol should¢imit alternatives and stipulations §s much as
feagible, as repeatable test values representative of thre full metrological characteristics of indicating
megsuring instruments are desirable. However, this is usually not fully possible, becaude it would
reqlire excessively long and expensive testing, Based on educated appraisal and experienfe, the test

pro
alt
of
yiel

In
co
test

As
how
cho
kno
ind
ad
am

ocol provides a trade-off between test_thoroughness and practical viability, resulti
natives and stipulations to fit actual eonditions, and to confine the test to a reasonal

ffort and cost. The inevitable consequence is that different test instances are permitte
ing different test values.

rinciple, a test that spans all permissible test instances, i.e. with no stipulations, wou
plete knowledge of the performance of an indicating measuring instrument with reg
measurand.

nfinite measurements are not possible in practice, the test protocol specifies stipul
' many measurenients. To mitigate this, alternatives are sometimes allowed, among w
cen at the time~of testing. This way, the indicating measuring instrument manufacturg
w all details/ef the actual test instance in advance, and is thus encouraged to make]
cating measuring instruments for any permissible test instance to avoid non accg
ition, altérnatives may be allowed to fit the actual test conditions and equipment, e.g.
ient temperature within the required test conditions, regardless that other temperaturg

g in some
ble amount
d, possibly

d lead to a
ard to the

Qtions, e.g.
hich one is
r does not
compliant
ptance. In
any actual
s would be

accepted as well.

As a consequence, any permissible test instance may be different from any other, and also different
from the ideal case of infinite measurements. It is the responsibility of the test protocol to guarantee
that the test value yielded in any permissible test instance is not too different from that in any other or
in the ideal case of infinite measurements. The test value yielded in each permissible test instance is an
element out of a complete population of possible test values; it is the responsibility of the test protocol
to guarantee that this element is sufficiently representative of the full population.

The question may arise whether or not the variability of test values due to lack of representativeness,
i.e. across different permissible test instances, contributes to the test value uncertainty. This question is
usually the most misunderstood in evaluating the test value uncertainty, generating the most confusion
in practitioners.
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If the test measurand were defined on the full population of test values from all possible test instances,
then the test variability should be part of the test value uncertainty. On the contrary, the test
measurand is defined on a single permissible test instance (see 3.4): this means the variability is left
outside the definition of the test measurand and thus does not contribute to the test value uncertainty.
Each permissible test instance leads to a test measurand; by agreement to the test protocol, parties
accept to limit the test to one measurand, deemed representative of the performance of the indicating

measuring

5.2

This clausqt

dealt with

Test meas
test meas
definitions|

}

instrument.

Input quantities and test measurand definition

n the definition of a test measurand.

rands are defined in test protocols. A good test protocol is able to define represent
rands and estimate them with the least amount of experimental effort.and cost.
of test measurands are ultimately business decisions made by the test grotocol aut

e.g. the standard committees. This business discretion stops just after the definition stage: once a ftest

measurang
are fully de

A definitio
each of the

is defined, the derivation of its test value and the evaluation of the test value uncertai
termined.

h of the test measurand may include additional input quantities.in two different ways.
m, (1) by allowing any quantity value within the required test.conditions or (2) by specify

an exact q

shall be pgrformed within the required test conditions; any of which is equally valid and sufficien
complete a valid test”. In the latter case the sentence would be like “The test measurand is define
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antity value. The former case would result in a sentencedn)the test protocol like, “The

antity value x of the input quantity X, i.e. in the hypothetical occurrence of X exactly at x”.

hy input quantity value within the required test'conditions is an alternative, to perform
Lhe input quantity takes any quantity valueswithin the required test conditions: each lg
5sible test instance, and hence to a specificitest measurand. The test protocol treats eac
urands as having a unique value and hence the variation in the measurand at different iy
lues is not an uncertainty source, rather the measurement of a different measurand. Typic

The test is performed withithe ambient temperature within the required test conditions, e.
0 £ 5) °C and with spatial gradients no greater than 2 °C/m.

The test is performed-by a tester sufficiently trained and skilful, e.g. awarded third p
of professional skill.

XAMPLE 2 is deliberately loose: while setting thresholds for testers’ skills may be difficult and
ill the principle holds clearly that any level of skill above a threshold makes the actual test inst
having no input to the test value uncertainty.

est protocol requires that an exact input quantity value is specified, then the test measur

is defined
this influe

regiseély at a predefined input quantity value, with the purpose of not including variation
dein the definition of the test measurand. In an actual test, the input quantity will not m3

pasurands (within the required testconditions) are given specifications with a single MPH.

For
ring
test
t to
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the predefined Input quantity value exactly: It may be clos€, but not exactly equal. Hence, a (hopet

ully

small) deviation occurs of the actual input quantity to the predefined input quantity value: the test
value shall be corrected to the exact value defined in the test measurand and the correction will involve

an uncerta

inty component accounted for in the test value uncertainty.

EXAMPLE 3  The test measurand is defined at ambient temperature of 20 °C with no spatial gradients (i.e. with
spatial gradients equal to 0 °C/m).

EXAMPLE4  The test measurand is defined with test equipment having no mass (i.e. with a mass equal to 0 kg).
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NOTE2  When the predefined input quantity value is null, the test protocol might take that for granted implicitly.
For instance, correct fixturing of the reference standard used in a test may not be explicitly required. A possible
sentence requiring that explicitly might be “The test measurand is defined with no rock or strain occurring to the
reference standard due to loose or improper fixturing”. It is recommended to resort to implicit specification in test
protocols as little as possible to avoid possible misunderstanding, and only in self-evident cases.

The developers of test protocols should have carefully considered the advantages and disadvantages of
the two alternatives above carefully, prior to specifying a test protocol. In particular

— Allowing any input quantity value within the required test conditions, releases the tester from any

responsibility on that input quantity in the actual test conditions, and particularly from eva

luatingany
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as the allowed variability of the input quantity results in some variability of the test value

Specifying an exact input quantity value improves the reproducibility of the test value, a
of the input quantity is compensated for. On the other hand, the tester is required to ev
the correction and its uncertainty.

hort, allowing a range leads to an easier but less reproducible test, whereas specifyir

ire use of the MPE'’s.

most conceptually straightforward situation occurs when thé.input quantity is a test
ted input quantity. In this case, the input quantity is fully‘under the tester’s respons

pmpensate for them, as well as to evaluate the associated test uncertainty.

y great care should be taken instead when the test niéasurand is defined at a predefined inp
e of an instrument-related input quantity. In this‘case, the required correction and its uncq

Testing is about verifying experimentally the performance of an indicating measuring i
as opposed to predicting it. On the contrary, the required correction is based on predict

the contrary and to the needed extent, predictions/corrections require disclosure a
of the black boxes.

The verification of an indicating measuring instrument against an MPE remains valid
only when the indicating measuring instrument is corrected for the effect of the input q
was during the test.This burdens the tester (in testing) as well as the user (in normal us
compensation~When users are not prepared or would not like to do so, e.g. with simple
indicating nieasuring instruments, actual indication errors may be (much) larger than p
the verified"MPE'’s.

impertance of the above problems increases with the complexity of the indicating
rument under test. For example, predicting the indication error and its uncertainty|

Indicating measuring instruments under test are considered black boxes as far as p;f

ducibility,
and

s the effect
hluate both

g an exact

It quantity value to a more reproducible but also more expensive test, with possible linjitations to

bquipment-
ibility and

frol in this case, and the tester is expected to be able to predict the effects of the input qantity and

ut quantity
rtainty are

tive to the indicating measuring instrument under test. This may raise the following problems:

nstrument,
on.

ssible; on
d opening

hfterwards
antity as it
e) with the

hand-held
‘edicted by

measuring
due to an

rument-related input quantity could be simple enough for a vernier calliper, while is far heyond any

reasonable testing effort for a laser tracker or a CMM. In fact the former is simply made of two uniform-
material solid pieces, while the latter are assemblies of several undisclosed components with (servo-)
active electronic and pneumatic facilities and real time software compensation.

It is recommended that defining a test measurand at a predefined instrument-related input quantity
value, if so wished by parties, is restricted to simple indicating measuring instruments, whose structural
details are self-evident or disclosed enough to evaluate the compensation and its uncertainty.

6 Tester responsibility criterion

When evaluating the test value uncertainty in practice, a decision shall be made for individual candidate
input quantities as to their inclusion as test value uncertainty components. While the theoretical
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background is given in Clause 5, it may be convenient to have a simple and practical criterion to base
the decision on.

A general principle of decision rules is that the liability of the uncertainty is always on the party
performing the measurement. The rationale for this is that the test value uncertainty effectively
corrupts the test value, and testers are motivated to keep the test value uncertainty to a minimum, to
avoid putting the test outcome and the related work at risk.

In other words, testers are responsible for any imperfection which may occur during the test, and
pay for it in terms of test value uncertainty. A desired corollary of this is that only what testers are

responsible for should be charged to them, i.e. accounted for as a test value uncertainty component.

This const
uncertaint
to entry in

EXAMPLE 1
gauge to a

relative to {
protocol. A
account for
same concly
uncertainty

EXAMPLE 2
ambient ter)
The test pr
run a perm

tutes the tester responsibility criterion: any input quantity shall be considered a test'v
iy component if and only if it is controlled by the tester, either directly or indirectly{see N
3.15).

A reference standard in a test is fixtured, e.g. a hemisphere to a roundness inStyument or a

he indicating measurement instrument: rock is not among the alternatives'r€cognized in the

a consequence, a test value uncertainty component should be consideréd\for (loose) fixturin
the imperfect realization of the test measurand. The tester responsibility criterion leads to
sion: fixturing is fully controlled by the tester, who takes responsibility‘through a proper test v
component.

An indicating measuring instrument is specified in rated\eperating conditions spanning
\perature range (20 * 5) °C, and no user-provided quantity values are required by the instrum
tocol sets the required test conditions as identical to the rated operating conditions and allow

this interval a permissible test instance, and refines the corresponding test measurand. As a consequence
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just at that
that allows
value uncer
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to be accou
uncertainty
of the worK
sensitivity ¢
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value unce
two follow

When
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definit
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erature does not create a test value uncertainty component, as the test measurand is in fact def
femperature. The tester responsibility criterien’leads to the same conclusion: it is the test prot
any temperature within the required test conditions; hence, he/she is not responsible, and no
fainty component is to be accounted for.

As in EXAMPLE 2, but the instruthent software requests a workpiece CTE as a user-prov
ue to compensate for thermal expansion. As in EXAMPLE 2, no test value uncertainty compone
ited for the actual ambient température (within the required test conditions). However, a test v
component accounting for the\CTE may be considered, whose sensitivity coefficient is a fund
piece temperature. The actual ambient temperature should be measured and recorded, and|
oefficient to the CTE evaluated accordingly.

responsibility critefion leads to the same conclusion on whether an input quantity is a
rtainty component, as the definition of the test measurands (Clause 5), unless either off
ng specific eircumstances occurs.

h test protocol defines a test measurand at an exact instrument-related input quantity va

hlue
hbtes

Ktep

CMM. The test measurand defined in the test protocol assumes no rock of the reference standlard

test
b, to
the
hlue
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ent.
s to

ssible test at a single temperature therein. This stipulation makes any test at temperatures within

the
ned
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test
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tion
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test
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lue.
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bter isrequired to evaluate a correction and its uncertainty; according to the test measur
ionjthis input quantity is a test uncertainty component. However, there may be cases

teD is not in control of the input quantity, resulting in the tester responsibility cri

it

en

terion

excluding the tests uncertainty component which should be included instead.

EXAMPLE4  Asin EXAMPLE 3 in 5.2, when the test takes place at the tester counterpart’s site. The required
correction for the actual ambient temperature introduces a test value uncertainty component. However, the
tester is not in control of the ambient temperature found at the tester counterpart’s site, in conflict with the
tester responsibility criterion.

EXAMPLES5  Asopposedto EXAMPLE 4, the test takes place at the tester’s site. This is usually the case of hand-
held indicating measuring instruments tested before sale at the manufacturer’s laboratory. The tester controls
the ambient temperature, which eliminates the conflict with the tester responsibility criterion.

— When a test protocol defines a test measurand at any test equipment-related input quantity value
within the required test conditions. The alternative for the test equipment relieves the tester
from accounting for a specific test uncertainty component. However, the test equipment is usually
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provided by the tester, who takes responsibility of it, resulting in the tester responsibility criterion
including the tests uncertainty component which should be excluded instead.

EXAMPLE 6  Asin EXAMPLE 2 in 5.2. This is usually the case with manually operated indicating measuring
instruments, e.g. articulating arm CMMs. The alternative regarding the tester’s skill removes the need to account
for a specific test value uncertainty component. However, the tester is fully responsible for his/her skill, in
conflict with the tester responsibility criterion.

In deciding whether or not an input quantity is to be accounted for as a test value uncertainty
component, the tester responsibility criterion alone is sufficient in general. But, it is not sufficient when
either of the above two circumstances occurs, in which case, the test measurand definition shall prevail
in tiredecistom {see Tabte 13-

Table 1 — Reliability of the tester responsibility criterion for an input quantity,-in different
circumstances

Test measurand defined forvan input quapntity

having
any quantity value an exact
within the required quantity value
test conditions
Test equipment-related |Full reliability not Reliable
ensured
Inout (possible false inclusion)
npu
qulz ntity Reliable Full reliability|not
Instrument-related ensur'ed
(possible falseg
exclusion)

In ¢ase of doubt or controversy, the appreach based on the definition of the test meaqurands, as
explained in Clause 5, prevails and should be taken as a reference.

7 |Specific issues in testing indicating measuring instruments

7.1l General

7.2 to 7.4 answer specifi¢ questions which may arise in evaluating the test value uncertainty

7.2| Errors ofthe indicating measuring instrument

Are|the errors of the indicating measuring instrument (e.g. systematic errors, hysteresis, non perfect
repgatability, etc.) contributors to the test value uncertainty?

Indjcating measuring instruments are active in measurement and introduce errors. In usual operation,
i.e. When the measurands are cnaracteristics of a Workpiece being measured, these errors affect the
accuracy of the measurement results, and therefore need to be accounted for in the measurement
uncertainty associated with the workpiece measurement.

When indicating measuring instruments are tested, they are still subject to these errors. However, the
test measurands as defined by the test protocol pertain now to the indicating measuring instruments.
Therefore, the errors they introduce are part of the test measurand (unless differently stipulated in the
test protocol), and not included in the test value uncertainty associated with the test value.
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7.3 Errors in user-provided quantity values

Are the errors due to non exact user-provided quantity values (e.g. the air humidity in an interferometric
system equipped with a weather station measuring the air temperature and pressure only) contributors
to the test value uncertainty?

Some indicating measuring instruments may require user-provided quantity values to perform as
designed. These quantity values are of quantities affecting the measurand, e.g. the coefficient of
thermal expansion of a workpiece, or of influence quantities. The indicating measuring instruments use
the user-provided quantity values to compensate for estimated systematic effects, e.g. the differential
thermal expansion of the measured workpiece to the indicating measuring instrument scale(s). Any
error in the user-provided quantity values results in errors of indication of the indicating measuting
instrument, or, when the instrument is being tested, in errors in the test values.

NOTE Indicating measuring instruments may perform other automatic compensations thag trequir¢ no
action from|the user, e.g. for the nonlinearity of a transducer or for geometrical errors of a CMM¢

When testérs test indicating measuring instruments, they provide the user-provided/quantity valpes,
if the instrjuction manuals of the indicating measuring instrument, or common practice, so requirg. In
this case, the indicating measuring instrument specifications shall be assumed‘as stated in the absdnce
of any errpr in the user-provided quantity values. Therefore, a test uncertainty component shall
be considefed in the test value uncertainty to account for the user-provided quantity values. This is
consistent|with the tester responsibility criterion, as the tester bears\the responsibility for the ufser-
provided quantity values.

Some indidating measuring instruments may support the userdn'\providing the user-provided quarftity
values by delection from a list of predefined values or cases, e.g: in the software interface. If an opfion
is availablg (e.g. “others”) to input an actual user-provided:gquantity value, the tester shall do so evgn if
the quantify value is mentioned in the list; otherwise the'closest option shall be chosen. In either cpse,
the related input uncertainty component to the test value uncertainty shall be evaluated based on|the
tester’s knpwledge of the quantity value and not on-the information shown in the list of options.

EXAMPLE An indicating measuring instrument-may require the user to select the coefficient of thegmal
expansion ¢f the workpiece under measurement:in a list of predefined materials. The tester knows that| the
reference sfandard used for the test is made, of-steel having a coefficient of thermal expansion of 10,9:10-§4 K-1
with a standlard uncertainty of 0,2:10-6 K-1\If the option exists to input an actual quantity value, then the tdster
will input 1P,9-10-6 K-1, otherwise choese‘the option “steel”. In both cases, the input uncertainty componeint to
the test valye uncertainty will be 0,2-10;6¢'K-1.

integral p
these compensations. No(syich component shall be included in the test value uncertainty. This is plso
consistent

implementedinthe-compen : n,
the indicating measurmg 1nstrument manufacturer should be contacted Alternatlvely, the equation
may be assumed based on the tester’s experience and knowledge, in simple and obvious cases, i.e. when
a widely recognized model is available for the correction. This is the case, e.g. for the well-known linear
model of thermal expansion.

7.4 Using alternative test equipment

Is the tester counterpart allowed to provide test equipment in an acceptance test? If so, how is the test
value uncertainty dealt with?
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In principle, any properly calibrated test equipment is equivalent to any other within its calibration
uncertainty. Therefore, the tester counterpart may want to have a specific test equipment used in the
test, as a further guarantee of the test transparency.

NOTE

in that case.

This situation cannot occur in a reverification test, as the tester and the tester counterpart coincide

Even if nominally physically equivalent, test equipment provided by the parties may have different
calibration uncertainties. When the tester counterpart’s uncertainty is larger than the tester’s, this
may alter the outcome of the test, according to a decision rule.

Wh

situation are assumed by mutual agreement. The tester is then obliged to use the testér co

test

cas

The

suc

Sin
the

e the tester is usually prepared to perform the test with his/lier own test equipment
tester counterpart’s may require additional time and labour, The additional costs and t

rﬂmmmmmm i ; gets of the
tesf value uncertainty at the time of use shall be evaluated, one for each test equipment. Whgn relevant,
valyes of temperature and of any other environmental parameter deemed representative of the actual

interpart’s

equipment-only if the related test value uncertainty is no greater than thatyof*the tester’s. In any
e, the test value uncertainty associated to the test equipment actually chosenshall be usgd.

tester counterpart wanting to use alternative test equipment shall document the calibration of
h equipment to the extent required for the test, and specifically the calibration uncertainty:.

the use of
ne two test

valile uncertainty budgets should be agreed upon during thé contract negotiations; see Annex A for

spe

Cific guidance.

In g1l cases, the tester bears the responsibility of the test value uncertainty, including its
duelto the test equipment, even if it is provided by thefester counterpart.

Component
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