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Foreword

This document (EN ISO 14253-2:2011) has been prepared by Technical Committee ISO/TC 213 "Dimensional
and geometrical product specifications and verification" in collaboration with Technical Committee
CEN/TC 290 “Dimensional and geometrical product specification and verification” the secretariat of which is
held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by October 2011, and conflicting national standards shall be withdrawn at
the latest by October 2011.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes ENV ISO 14253-2:2001.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland andthe UnitedKingdom:

Endorsement notice

The text of ISO 14253-2:2011 has been-approved’-by=CEN as a EN ISO 14253-2:2011 without any
modification.



SIST EN ISO 14253-2:2011

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN ISO 14253-2:2011
httpsy//standards.iteh.ai/catalog/standards/sist/dcaSc6d6-a3b1-4574-b5a3-
bade5034al0b/sist-en-iso- 14253-2-2011



INTERNATIONAL ISO
STANDARD 14253-2

First edition
2011-04-15

Geometrical product specifications
(GPS) — Inspection by measurement of
workpieces and measuring equipment —

Part 2:

Guidance for the estimation

of uncertainty in GPS measurement,
in calibration of measuring equipment
andlin-product:verification

Spécification geométrique des produits (GPS) — Vérification
parlamesureddesipiéces et des équipements de mesure —

Partie 2. Lignes directrices pour I'estimation de l'incertitude dans les
mesures GPS, dans I'étalonnage des équipements de mesure et dans
la vérification des produits

e Reference number
= — ISO 14253-2:2011(E)

© SO 2011



ISO 14253-2:2011(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2011

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2011 — All rights reserved



Contents Page
o =YY o o SRR v
1o Yo L8] o2 1o o 1SRN vi
1 £ oo o - SR 1
2 L\ oY 4 E= 1YL= = (= (0= e == N 2
3 B =1 0 3= e Je L= T 114 oY T 2
4 SYMDBOIS ... R 4
5 Concept of the iterative GUM method for estimation of uncertainty of measurement.................. 5
6 Procedure for Uncertainty MAnagement — PUMA ... s 6
6.1 7= 1= - | PN 6
6.2 Uncertainty management for a given measurement proCess..........ccccvereerrrrssmersssseersssssessssssneenas 6
6.3 Uncertainty management for design and development of a measurement

[0 o TeTXoTg [ o] o Yo =Y o 11 4 -SSRSO 7
7 Sources of errors and uncertainty of measurement............cccooeiiicccccemrr s —— 10
71 TYPES OF ©ITOIS 1 1rueiicsueuesrmermrmss s smsrrmras s ses emvas mras s s sras cxves SuEEE L+ 43 03 ¥R SR RE RS 5820000 mmmERe e e nannnsnnnnennssnnsssnnnnnnnnns 10
7.2 Environment forithe measurement .. .. . e e 12
7.3 Reference element of measurement eqUIPMENt ...........ccivrimmiiiiincccsrr e 12
7.4 Measurement equipmMeNnt ..o i b A et LA R s 12
7.5 Measurement set-up (excluding the placement and clamping of the WOrkpiece) .......couueceeeemmenennnnnnes 13
7.6 Software and calculatioNns ... i i dedid 5 2nTe il b eerrsnnnnsssssssrssnnnnsssssssserensmssssssseesssnnnnsssssssssesennnnns 13
7.7 MEtrOlOGIST |« xreskusnrmdernskesteskmsmvrunt sy krinsnsinreba dadus dehmsrbnn fxoldanen chlomband sy ShdashtonBunnnnssasnnssnnnmnnnssanssssannnnssessnnsan 13
7.8 Measurement object, workpiece or measuring instrument characteristic.............ccocceeiiinnnnnnnn. 13
7.9 Definition of the GPS characteristic, workpiece or measuring instrument characteristic........... 14
710 MeasSUNiNG PrOCEAUIE........coiii et msr e s msre e s e s s s sm s e e e e e e s s e ammeRe e e Ea s e anmn e e e s e anmmnnn e e s 14
7.11  Physical constants and conversion factors ........c..ccccoirriirrrrssrnrrss e 14
8 Tools for the estimation of uncertainty components, standard uncertainty and expanded

L1 g e =Y = 1] 1 PP 14
8.1 Estimation of uncertainty components............ccccciiiiiiiccccccmiir e 14
8.2 Type A evaluation for uncertainty COmMpPoONENts.........cccccooiiccciircrinrn e 15
8.3 Type B evaluation for uncertainty COmponents..........cccccooiccieiiminniinincccscrrr s 15
8.4 Common Type A and B evaluation examples..........cccciiiiiiininniin e 17
8.5 Black and transparent box model of uncertainty estimation...........ccccocvcmiiniiinicee, 20
8.6 Black box method of uncertainty estimation — Summing of uncertainty components into

combined standard uncertainty, g ..o ————— 21
8.7 Transparent box method of uncertainty estimation — Summing of uncertainty

components into combined standard uncertainty, ..o 21
8.8 Evaluation of expanded uncertainty, U, from combined standard uncertainty, u; .........c.......... 22
8.9 Nature of the uncertainty of measurement parameters u; and U........ccoorercenerencnescceesencencne 22
9 Practical estimation of uncertainty — Uncertainty budgeting with PUMA................cccccimnreeenn. 23
9.1 (7Y 3 = - PR 23
9.2 Preconditions for an uncertainty budget............cccmiini e — 23
9.3 Standard procedure for uncertainty budgeting ........c.cccciiiiciiiniic e ————— 24
10 o o e 1 [ o 1= 26
101 (€T =Y 1= - | N 26
10.2 Documentation and evaluation of the uncertainty value .........cccccconiiiiiiinincis e 27
10.3 Design and documentation of the measurement or calibration procedure..............cccooecrrrrrnnnee 27
10.4 Design, optimization and documentation of the calibration hierarchy ..........cccccorreeeirircicinnenes 28

ISO 14253-2:2011(E)

© 1SO 2011 — All rights reserved



ISO 14253-2:2011(E)

10.5 Design and documentation of new measurement equipment ..........ccccceriiccccsreerree s s 29
10.6 Requirements for and qualification of the environment...........cccco i 29
10.7 Requirements for and qualification of measurement personnel.............ccoocceeiimnincccccccceennen, 29
Annex A (informative) Example of uncertainty budgets — Calibration of a setting ring............ccccuvuuuee. 31
Annex B (informative) Example of uncertainty budgets — Design of a calibration hierarchy................. 38
Annex C (informative) Example of uncertainty budgets — Measurement of roundness ............cccc....c.... 63
Annex D (informative) Relation to the GPS matrix model..........cccocmriieerirccccerrre e e e 69
7] o1 o = ] 137/ 7

iv © 1S0O 2011 — All rights reserved



ISO 14253-2:2011(E)

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 task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 14253-2 was prepared by Technical Committee ISO/TC 213, Dimensional and geometrical product
specifications and verification.

This first edition of 1ISO 14253-2 cancels and replaces ISO/TS 14253-2:1999, which has been technically
revised. It also incorporates the TeChnical- Corrigendum:ISO/1S:14253-2:1999/Cor.1:2007.

ISO 14253 consists of the following parts, under the general titte Geometrical product specifications (GPS) —
Inspection by measurement of workpieces and -measuring-equipment:

— Part 1: Decision rules for proving conformance or' non-conformance with specifications

— Part 2: Guidance for the estimation of uncertainty in GPS measurement, in calibration of measuring
equipment and in product verification

— Part 3: Guidelines for achieving agreements on measurement uncertainty statements

— Part 4: Background on functional limits and specification limits in decision rules [Technical Specification]

© 1SO 2011 — All rights reserved \"
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Introduction

This part of ISO 14253 is a global GPS standard (see ISO/TR 14638:1995). This global GPS standard
influences chain links 4, 5 and 6 in all chains of standards.

The ISO/GPS Masterplan given in ISO/TR 14638 gives an overview of the ISO/GPS system of which this
document is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this document and the
default decision rules given in ISO 14253-1 apply to specifications made in accordance with this document,
unless otherwise indicated.

For more detailed information on the relation of this International Standard to other standards and to the GPS
matrix model, see Annex D.

This part of ISO 14253 has been developed to support ISO 14253-1. This part of ISO 14253 establishes a
simplified, iterative procedure of the concept and the way to evaluate and determine uncertainty (standard
uncertainty and expanded uncertainty) of measurement, and the recommendations of the format to document
and report the uncertainty of measurement information as given in the Guide to the expression of uncertainty
in measurement (GUM). In most cases, only very limited resources are necessary to estimate uncertainty of
measurement by this simplified, iterative procedure, but the procedure may lead to a slight overestimation of
the uncertainty of measurement. If a more accurate estimation of the uncertainty of measurement is needed,
the more elaborated procedures 'of the,GUMneed\to|be applied:

This simplified, iterative procedure of the GUM:methods;is-intended for<GPS measurements, but may be used
in other areas of industrial (applied) metrology.

The uncertainty of measurement and the concept of handling-uncertainty of measurement are important to all
the technical functions within'a’‘company.“This ‘part’of 1SO'14253"is ‘relevant to’several technical functions,
including management, design and development;‘manufacturing, quality-assurance and metrology.

This part of ISO 14253 is of special importance in relation to ISO 9000 quality assurance systems, e.g. it is a
requirement that methods for monitoring and measurement of the quality management system processes are
suitable. The measurement uncertainty is a measure of the process suitability.

In this part of ISO 14253, the uncertainty of the result of a process of calibration and a process of
measurement is handled in the same way:

— calibration is treated as a “measurement of the metrological characteristics of a measuring equipment or
a measurement standard”;

— measurement is treated as a “measurement of the geometrical characteristics of a workpiece”.

Therefore, in most cases, no distinction is made in the text between measurement and calibration. The term
“measurement” is used as a synonym for both.

vi © 1S0O 2011 — All rights reserved
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Geometrical product specifications (GPS) — Inspection
by measurement of workpieces and measuring equipment —

Part 2:

Guidance for the estimation of uncertainty in GPS measurement,
in calibration of measuring equipment and in product
verification

1 Scope

This part of ISO 14253 gives guidance on the implementation of the concept of the “Guide to the estimation of
uncertainty in measurement” (in short GUM) to be applied in industry for the calibration of (measurement)
standards and measuring equipment in the field of GPS and the measurement of workpiece GPS
characteristics. The aim, is-to promote full information on how to-achieve uncertainty statements and provide
the basis for international comparison/of . measurement results and’their uncertainties (relationship between
purchaser and supplier).

This part of ISO 14253 is intended to support ISO 14253-1. Both parts are beneficial to all technical functions
in a company in the interpretation of <GRS specifications (i.e. tolerances of workpiece characteristics and
values of maximum permissible errors.(MPEs).for. metrological characteristics, of measuring equipment].

This part of ISO 14253 introduces the Procedure for Uncertainty MAnagement (PUMA), which is a practical,
iterative procedure based on the GUM for estimating uncertainty of measurement without changing the basic
concepts of the GUM. It is intended to be used generally for estimating uncertainty of measurement and giving
statements of uncertainty for:

— single measurement results;
— the comparison of two or more measurement results;

— the comparison of measurement results — from one or more workpieces or pieces of measurement
equipment — with given specifications [i.e. maximum permissible errors (MPEs) for a metrological
characteristic of a measurement instrument or measurement standard, and tolerance limits for a
workpiece characteristic, etc.], for proving conformance or non-conformance with the specification.

The iterative method is based basically on an upper bound strategy, i.e. overestimation of the uncertainty at all
levels, but the iterations control the amount of overestimation. Intentional overestimation — and not under-
estimation — is necessary to prevent wrong decisions based on measurement results. The amount of
overestimation is controlled by economical evaluation of the situation.

The iterative method is a tool to maximize profit and minimize cost in the metrological activities of a company.
The iterative method/procedure is economically self-adjusting and is also a tool to change/reduce existing
uncertainty in measurement with the aim of reducing cost in metrology (manufacture). The iterative method
makes it possible to compromise between risk, effort and cost in uncertainty estimation and budgeting.

© 1SO 2011 — All rights reserved 1



ISO 14253-2:2011(E)

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 14253-1:1998, Geometrical Product Specifications (GPS) — Inspection by measurement of workpieces
and measuring equipment — Part 1: Decision rules for proving conformance or non-conformance with
specifications

ISO 14660-1:1999, Geometrical Product Specifications (GPS) — Geometrical features — Part 1: General
terms and definitions

ISO/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)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in I1SO 14253-1, ISO 14660-1,
ISO/IEC Guide 98-3 and ISO/IEC Guide 99 and the following apply.

31

black box model for uncertainty estimation

model for uncertainty estimation in which' theé «uncertainties cassociatedjwith the relevant input quantities are
directly represented by their influence on the quantity value being attributed to a measurand (in the units of the
measurand)

NOTE 1 The “quantity value'being-attributed to-a'measurand”is typically-a-measured value.

NOTE 2 In many cases, a complex method of measurement may be looked upon as one simple black box with
stimulus in and result out from the black box. When a black box is opened, it may turn out to contain several “smaller”
black boxes or several transparent boxes, or both.

NOTE 3 The method of uncertainty estimation remains a black box method even if it is necessary to make
supplementary measurements to determine the values of influence quantities in order to make corresponding corrections.

3.2

transparent box model for uncertainty estimation

model for uncertainty estimation in which the relationship between the input quantities and the quantity value
being attributed to a measurand is explicitly expressed with equations or algorithms

3.3
measuring task
quantification of a measurand according to its definition

3.4
overall measurement task
measurement task that quantifies the final measurand

3.5
intermediate measurement task
measurement task obtained by subdividing the overall measurement task into simpler parts

NOTE 1 The subdivision of the overall measuring task serves the goal of simplification of the evaluation of uncertainty.

NOTE 2 The specific subdivisions are arbitrary, as is whether to subdivide at all.

2 © 1S0O 2011 — All rights reserved
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3.6

target uncertainty

Ur

(for a measurement or calibration) uncertainty determined as the optimum for the measuring task

NOTE 1 Target uncertainty is the result of a management decision involving e.g. design, manufacturing, quality
assurance, service, marketing, sales and distribution.

NOTE 2  Target uncertainty is determined (optimized) taking into account the specification [tolerance or maximum
permissible error (MPE)], the process capability, cost, criticality and the requirements of ISO 9001, ISO 9004 and
ISO 14253-1.

NOTE 3 See also 8.8.

3.7

required uncertainty of measurement

Ur

uncertainty required for a given measurement process and task

NOTE See also 6.2. The required uncertainty may be specified by, for example, a customer.
3.8

uncertainty management
process of deriving an adequate measurement procedure from the measuring task and the target uncertainty
by using uncertainty budgeting techniques

3.9

uncertainty budget

(for a measurement or calibration) statement summarizing the estimation of the uncertainty components that
contributes to the uncertainty of a result of a measurement

NOTE 1 The uncertainty of the result of the measurement is.unambiguous -only. when the measurement procedure
(including the measurement object, measurand, measurement method and conditions) is defined.

NOTE 2  The term “budget”’ is used for the assignment of numerical values to the uncertainty components and their
combination and expansion, based on the measurement procedure, measurement conditions and assumptions.

3.10

uncertainty component

XX

source of uncertainty of measurement for a measuring process

3.11

limit value (variation limit) for an uncertainty component

axx

absolute value of the extreme value(s) of the uncertainty component, xx

3.12

uncertainty component

u

s)t%ndard uncertainty of the uncertainty component, xx

NOTE The iteration method uses the designation u,, for all uncertainty components.

3.13
influence quantity of a measurement instrument
characteristic of a measuring instrument that affects the result of a measurement performed by the instrument

3.14

influence quantity of a workpiece
characteristic of a workpiece that affects the result of a measurement performed on that workpiece

© 1SO 2011 — All rights reserved 3



	ý1IÅ†0¨~ÚTGﬂ−uù7+Ô*l~®"›m‰�´,Ç©!ú�é	G±sûPz‘`�V9f³§6øD��lÚN
—üMN˝}Ü[ﬁÎˆóÔF�¯Ł¹|úM™X/ﬁØc�ˇÞ,W‡ �Ú{-K[ıy=~R

