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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 proce@lures used to develop this document and those intended for its further maintenanee
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex
assessmen
to Trade (1

5 drawn to the possibility that some of the elements of this document may, be the subjec
ts. ISO shall not be held responsible for identifying any or all such patentrights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received. www.iso.org/patents

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to conforn
[, as well as information about ISO’s adherence to the WTO principles in the Technical Barn
BT) see the following URL: Foreword - Supplementary information

are
the
the

t of
s of
| /or

not

hity
iers

The commfittee responsible for this document is ISO/TC 213, Dimensional and geometrical prodluct

specificatig

This second edition cancels and replaces the.first edition (ISO 14253-1:1998), which has b

technically

ISO 14253
— Inspecti

Part 1:

Part 2
equipn|

Part 3:
Part 4.
Part 5;

ns and verification.

revised.

Consists of the following parts, under the general title Geometrical product specifications ((
bn by measurement of workpieces and measuring equipment:

Decision rules for proving'‘conformity or nonconformity with specifications
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Introduction

This part of ISO 14253 is a geometrical product specifications (GPS) standard and is to be regarded as a
global GPS standard (see ISO/TR 14638). It influences the chain links 4, 5 and 6 of all chains of general
GPS 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 this document apply in ISO/GPS, unless otherwise indicated.

and the GPS

For[more detatied Informa
mafrix model, see Annex A.

The estimated measurement uncertainty is to be taken into account when proyiding eyidence for
conformity or nonconformity with specification.

Theproblem arises when a measurement result falls close to the upper or lower specification ljmit. In this
caseg it is not possible to prove conformity or nonconformity with specifications, since the mdasurement
resyilt plus or minus the expanded measurement uncertainty includes ofie)of the specificatioE limits.

Therefore, a supplier/customer agreement should be foreseen in arder to solve the problems which
could arise. This part of ISO 14253 explains how to handle specification and measurement yncertainty
and| establishes decision rules for proving conformity or noncghfermity with specification.

© IS0 2013 - All rights reserved v


https://standardsiso.com/api/?name=78185ce6ce5e5ab17a76ed377f0473b3



https://standardsiso.com/api/?name=78185ce6ce5e5ab17a76ed377f0473b3

INTERNATIONAL STANDARD ISO 14253-1:2013(E)

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

Part 1:
Decision rules for proving conformity or nonconformity

with specifications

1 [Scope

Thip part of ISO 14253 establishes the rules for determining the conformity‘or-nonconforrhity with a
given tolerance for a characteristic of a workpiece (or a population of workpieces) or limits of maximum
permissible errors for a metrological characteristic of a measuring equipment, taking into gccount the
megsurement uncertainty.

Theserulesaredifferentfor tolerances toindividual workpieces andtolerances to workpiece pppulations.

It a]so gives rules on how to deal with cases where a clear decision (conformity or nonconformity with
sperification) cannot be taken, i.e. when the measurement result falls within the uncertdinty range
(seq 3.23) that exists around the specification limits.

Thip part of ISO 14253 applies to specifications definéd in general GPS standards (see ISO/TR[14638), i.e.
stamdards prepared by [SO/TC 213, including:

— |workpiece/population of workpieces speeifications (usually given as an upper tolerancg limit or a
lower tolerance limit or both), and;

— |measuring equipment specifications (usually given as maximum permissible errors).

Thip part of ISO 14253 only applies for characteristics expressed as numerical quantity valugs.

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
ind{spensable for{its“application. For dated references, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.

1S0|3534-2:2006, Statistics — Vocabulary and symbols — Part 2: Applied statistics

[S0|9000:2005, Quality management systems — Fundamentals and vocabulary

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

ISO/IEC Guide 99, 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 ISO 3534-2, ISO 9000,
ISO/IEC Guide 98-3 and ISO/IEC Guide 99 and the following apply.

© IS0 2013 - All rights reserved 1
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3.1
tolerance
T

difference between the upper and lower tolerance limits (3.3)

Note 1 to entry: The tolerance is a quantity without sign.

Note 2 to entry: A tolerance may be two-sided or one-sided. The tolerance zone does not necessarily include the

nominal val

[SOURCE: I

ue.

SO 3534-2:1993, 1.4.4, modified — The two notes to entry have been added.]

3.2

tolerance
tolerance
variate val

[SOURCE: I

3.3

tolerance
limiting v:
specified v

[SOURCE: I

3.4
maximum
MPE
maximum
limit of err
extreme v4

zone
interval
lies of the characteristic between and including the tolerance limits (3.3)

SO 3534-2:1993, 1.4.5]
limits
hlues

hlues of the characteristic giving upper and/or lower bounds-of-the permissible value

SO 3534-2:1993, 1.4.3]

permissible measurement error

permissible error
or

specificati

Note 1 to erftry: Usually, the term “maximum pgrmissible errors” or “limits of error” is used where there are
extreme values.

Note2toe
[SOURCE:I

3.5

specificat
tolerance (
error (3.4)

Note 1 to entryy A’specification should refer to or include drawings, patterns or other relevant documents

indicate the

ns or regulations for a given measurement, measuring instrument, or measuring systen

ry: The term “tolerance” should not be used to designate “maximum permissible error”.

50/1EC Guide 99:2007 definition 4.26, modified — The abbreviated term, MPE, has been add

on
B.1) on a workpiece characteristic or population characteristic or the maximum permisg
of a measuring equipment characteristic

means and the criteria whereby conformity can be checked.

lue of measurement error, with respectto a known reference quantity value, permitted by

two

ible

and

3.6

specification zone

specification interval
variate values of the workpiece characteristic or population characteristic or the measuring equipment
characteristic between and including the specification limits (3.7)

3.7

specification limit
tolerance limit (3.3) of a workpiece characteristic or population characteristic or maximum permissible

error (3.4)

of a measuring equipment characteristic

© ISO 2013 - All rights rese
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upper specification limit
USL
specified value giving either:

— theupperboundary of the permissible values of the tolerance limits (3.3) of aworkpiece characteristic

or population characteristic; or

— the upper boundary of the permissible values of the permissible errors of a measuring equipment

characteristic

39
lo

LSIL
spe

31

Y

quantity intended to be measured

[SO
has

3.1
me
res

y
set

rele

[SO
has

3.1
nor|
des

31

megsurand

er specification limit
Cified value giving either:

the lower boundary of the permissible values of the tolerance limits (3.3)of awarkpiece ch4
or population characteristic; or

the lower boundary of the permissible values of the permissible ertors of a measuring
characteristic

URCE: ISO/IEC Guide 99:2007, definition 2.3, modified — The notes are not reproduced. ]
been added.]

|
surement result
It of measurement

of quantity values being attributed to a measurand (3.10) together with any othe
vant information

URCE: ISO/IEC Guide 99:2007, definition 2.9, modified — The notes are not reproduced. ]
been added.]

A

-

ninal value
gnated value/ef'a characteristic in a given design specification or drawing

B

uncertainty of measurement

meEsurement uncertainty
uncertainty

racteristic

equipment

'he symbol

I available

'he symbol

non-negative parameter characterizing the dispersion of the quantity values being attributed to a
measurand (3.10), based on the information used

[SOURCE: ISO/IEC Guide 99:2007, definition 2.26, modified — The notes are not reproduced.]

3.14

standard measurement uncertainty

standard uncertainty of measurement

standard uncertainty

measurement uncertainty (3.13) expressed as a standard deviation

[SOURCE: ISO/IEC Guide 99:2007, definition 2.30, modified — The notes are not reproduced.]
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3.15

combined standard measurement uncertainty

combined standard uncertainty

standard measurement uncertainty (3.14) that is obtained using the individual standard measurement
uncertainties associated with the input quantities in a measurement model

[SOURCE: ISO/IEC Guide 99:2007, definition 2.31, modified — The note is not reproduced.]

3.16

expanded measurement uncertainty
expanded uncertainty

U
product of p combined standard measurement uncertainty (3.15) and a factor larger than the number|one

[SOURCE: ISO/IEC Guide 99:2007, definition 2.35, modified — The notes are not reproduced: The synpbol
has been aflded.]

3.17
coverage factor
k
number larger than one by which a combined standard measurement uncertainty (3.15) is multiplief to
obtain an dxpanded measurement uncertainty (3.16)

[SOURCE: [SO/IEC Guide 99:2007, definition 2.38, modified — The_notes are not reproduced. [The
symbol is added.]

3.18
complete measurement result

y
measuremdnt result (3.11) including the expanded meastrement uncertainty (3.16)

Note 1 to enftry: The complete measurement result is eXpressed by the equation given in Clause 4.

3.19
conformity
fulfilment pf a requirement

Note 1 to enftry: The term “conformanee’.is synonymous but deprecated.
[SOURCE: IISO 9000:2005, definition 3.6.1]

3.20
conformity zone
specificatidn zone (3.6)reduced by the expanded measurement uncertainty (3.16)

Note 1 to enftry: TheSpecification is reduced by the expanded measurement uncertainty at the upper specificdtion
limit (3.8) apd /or the lower specification limit (3.9).

Note 2 to entryrSee Figure t-

4 © IS0 2013 - All rights reserved
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3 3
U U U
— —

1 1

A B
Key
A |one-sided specification
B [two-sided specification
1 [specification zone
3 |conformity zone

Figure 1 — Conformity zone

3.21
noriconformity
non-fulfilment of a requirement

[SOPRCE: ISO 9000:2005, definition 3.6.2]
3.2
norjconformity zone

zong(s) outside the specification zone (3.6) extended by the expanded measurement uncertainfy (3.16)

Note 1 to entry: The specification is extended by the expanded measurement uncertainty, U, g4t the upper
spedification limit (3.8) and/or the lower specification limit (3.9).

Note 2 to entry: See Figure 2.

[N

Key

A one-sided specification
B  two-sided specification
1 specification zone

4  nonconformity zone

Figure 2 — Nonconformity zone

© IS0 2013 - All rights reserved 5
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3.23

uncertainty range

range(s) close to the specification limit(s) (3.7) where neither conformity (3.19) nor nonconformity (3.21)
can be proved taking into account the measurement uncertainty (3.13)

Note 1 to entry: The uncertainty range(s) is(are) located around the specification limit (one-sided specification)
or specification limits (two-sided specification) and has the width of 2 x U.

Note 2 to entry: The measurement uncertainty on the upper and lower side of the measurement result may be of
different magnitudes.

Note 3 to entry+—Seetigtures:

5 5 5
Uu,u U U U U
— —
1 1
A B
Key
A one-sided specification
B two-sided specification
1 specifidation zone
5 uncertdinty range

Figure 3 — Uncertainty range

3.24
population
totality of {tems under consideration

Note 1 to efjtry: An item in the field 0f.GPS can be seen as a value of a GPS global characteristic defined onfone
workpiece (see ISO 25378).

[SOURCE:I$0 3534-1:2006, definition 1.1, modified —The notes are not reproduced. Note 1 to entryisadded.]

4 General

Themeasufand isdifferentwhenitcorrespondstoanindividual characteristic (workpiece characterigtic)
or to a popplation characteristic, implicating different measurement uncertainties.

NOTE1 The uncertainty of the estimate of a workpiece characteristic is different from the uncertainty of
the estimate of the population characteristic (e.g. the uncertainty of an individual value is different from the
uncertainty of an average value).

6 © IS0 2013 - All rights reserved
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For the purposes of this part of ISO 14253, the measurement uncertainty is estimated and evaluated
according to the GUM, consequently, the measurement uncertainty is expressed as the expanded
measurement uncertainty, U (see ISO 14253-2):

U=k xuc
(1)
with a default coverage factor being k = 2.

NOTE 2 Ifrequired, a different coverage factor can be assigned by agreement between customer and supplier
(seerHausebs-

Thd complete measurement result is expressed as:

y'=y+U
(2)

In Higure 4, the complete measurement result, ), is illustrated as a symmetrical interval of expanded
megasurement uncertainty, U, around a measurement result, y.

It isrecommended that the customer and supplier agree on the estithated uncertainty value(s).

Yy
U=kx uc U=k x t

¥y

Figure 4 — Result of a measurement, y, and complete measurement result, y

5 |Proving conformity and nonconformity with specifications

5.1 General

The following rules are-default rules for proving conformity and nonconformity with specifirations, i.e.
rulgs which are inferce when no other rules are agreed upon between supplier and customdr.

Whn the modifier SD is placed after the tolerance values, then population specifications arg given and
shal|l be takén/into account to define the conformity or nonconformity. The tolerance placed| before the
(ST} modifier applies for each workpiece of the population. Indications placed after the m¢difier

applly tothe population of the workpieces.

When the modifier (51 is not indicated after the tolerance values, then no population specifications are
required. This tolerance applies for each item of the population.

The modifier (SD indicates that there is one or more population specifications linked to the individual
specification, having in common the definition of the global characteristic taken from one workpiece.
Each population specification is defined as a calculated parameter from the set of values obtained on the
population of workpieces (e.g. a maximum, a mean value, a standard deviation).

The conformity shall be established when all the specifications (individual specification and population
specification) are satisfied. The default rules for proving conformity and nonconformity for individual
specification and population specification are the same after the extent of the uncertainty range has
been determined (see Clause 6).

© IS0 2013 - All rights reserved 7
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Other rules may be agreed upon between supplier and customer, in which case they shall be made as
special agreements and be included in the documentation (see Clause 6).

It is recommended that the following rules always be applied for the most important specifications
controlling the function of the workpiece or the measuring equipment. Other less restrictive rules may
be used, by special agreement between the parties, for less important requirements.

In the design or specification phase, e.g. on an engineering drawing, the terms “in specification” and “out
of specification” (see 1 and 2 in Figure 5, line C) designate the areas separated by the sharp borderlines:

— LSL and USL for a two-sided specification;

— either LSL or USL for a one-sided specification.
NOTE For simplification, the text and figures in this clause only illustrate a two-sided specification.

In the prdduction or verification phase, the meaning of the terms “in specification? and “ouf of
specificatipn” are complicated by the ever-existing measurement uncertainty. The Shdrp borderljnes
(from the|design phase) are transformed into uncertainty ranges. Consequently, the conforrity
and noncopformity zones are reduced by the estimated measurement unceytainty by means of|the
uncertaintly range (see D in Figure 5).

The specifications for a workpiece or a measuring equipment are given urnder the assumption that hey
are respected, so that no workpiece or measuring equipment is out of-specification.

In practice|in the verification phase, the estimated measurement uncertainty shall be taken into accqunt
to prove thle conformity or nonconformity with a given specification.

LSL USL
2 1 2
A
> C
/I /N
/1\ / 1\
G // | \\ // | \\
/oA /ol
A I\
I A I\
/ | \ / | \
/ \ / \
/ ' \ / ' \
/ : \ / : \
T T > D
4 5 3 5 4
Key
C design/specification phase
D verification phase
1  specification zone (in specification)
2 out of specification
3 conformity zone
4  nonconformity zone
5 uncertainty range
6  increasing measurement uncertainty, U

Figure 5 — Measurement uncertainty: the uncertainty range reduces the conformity and
nonconformity zones

8 © IS0 2013 - All rights reserved
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A given specification (LSL and/or USL) is invariable and is defined by the drawing indication and the
respective chain of standards (see ISO/TR 14638) or by the detailed description of the characteristic
of the measurement equipment (e.g. in a standard) and the indicated value of the maximum

per

missible error (MPE).

Measurement uncertainty (the expanded measurement uncertainty) is variable and is controlled by

Sev

eral uncertainty components in the measuring process (see ISO 14253-2).

Consequently, the sizes of the conformity and the nonconformity zones are variable and depend on the
expanded measurement uncertainty, U.

5.2

Confformity with a specification (specified tolerance or MPE) is proved when the complete me
resljlt,y', falls within the tolerance zone of aworkpiece characteristic or within the maximum

err

The same conformity can be proved similarly when the measurementresult, y, falls within th

Rule for proving conformity with specifications

r of a measuring equipment characteristic (see Figure 6).

LSL<y-Uandy+ U< USL

asurement
ermissible

3

e tolerance

zong of a workpiece characteristic or within the maximum permissible error of a measuringlequipment
chafacteristic reduced on either side by the expanded measurement uncertainty, U, i.e. the fonformity
zong (see Figure 7).
LSL+U<y<USL-U
(4)
I%
Yy
U U
——
1
LSL USL
Key]
1 |specification zone
Figure 6—C€onformity witlrspecificatiomris proved

© IS0 2013 - All rights reserved 9
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y

. /%U
3
>

1 |

LSL USL

Key
1 specifidation zone
3 conforthity zone

Figure 7 — Conformity with specification is proved

The size of|the conformity zone is directly linked to the given specification (LSkand USL) and the acfual
expanded r]:uaasurement uncertainty, U.

— e

Consequenitly, workpieces or measuring equipment can be accepted if.eohformity with the specificafion

is proved by applying the above rule.

5.3 Rulg for proving nonconformity with specifications

Nonconformity with a specification (specified tolerance-or MPE) is proved when the complete
measurement result, y’, falls outside the tolerance zone*of a workpiece characteristic or outside|the
maximum permissible error of a measuring equipment characteristic (see Figure 8).

y+U<|LSLorUSL<y-U
(5)

Key
1 specification zone

Figure 8 — Nonconformity with specification is proved (USL <y - U)

The same nonconformity can be proved similarly when the measurement result, y, falls outside the
tolerance zone of a workpiece characteristic or outside the maximum permissible error of a measuring
equipment characteristic increased on either side by the expanded measurement uncertainty, U, i.e. the
nonconformity zone (see Figure 9).

y<LSL-Uor USL+U<y (6)

10 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=78185ce6ce5e5ab17a76ed377f0473b3

1SO 14253-1:2013(E)

WIIALes <
7 U U 4 /

LSL USL

Key
1 |specification zone
4 |nonconformity zone

Figure 9 — Nonconformity with specification is proved (. <ALSL - U)

Theg nonconformity zone is directly linked to the given specificatiofi~(LSL and USL) and|the actual
exppnded measurement uncertainty, U.

Consequently, workpieces or measuring equipment can be rejected if nonconformity with specification
is proved applying the above given rule.
5.4 Uncertainty range

Neither conformity nor nonconformity with a.specification can be proved when thg¢ complete
megsurement result, y’, includes one of the tolerance limits of a workpiece or the maximum permissible
err¢r of a measuring equipment (see Figure 10):

y -U<LSL<y+Uory-U<USL<y+U
(7)

Key
1 specification zone

Figure 10 — Neither conformity nor nonconformity with specification can be proved
(y-U<USL<y+U)

The same situation occurs when the measurement result, ¥, falls within one of the uncertainty ranges
(see Figure 11).

LSL-U<y<LSL+U or USL-U<y<USL-U (8)

© IS0 2013 - All rights reserved 11
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