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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
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Introduction

This International Standard is a geometrical product specification (GPS) standard and is to be regarded as a
fundamental GPS standard (see ISO/TR 14638). It influences all other standards in the GPS matrix system,
i.e. all global, general and supplementary standards, as well as any other kind of document in the GPS matrix
system.

For m
matrix

This |
techni
Intern

This |
the in
specif

For th
consid
as a s

ore detailed information of the relation of this International Standard to other standards
model, see Annex A.

hternational Standard covers a number of fundamental principles that apply to¢ll-GPS s
cal product documentation that is based on the GPS matrix system. Until this. current v
ptional Standard was published, these principles were implied, but not formulated explicitly

and the GPS

tandards and
ersion of this

hternational Standard also covers the indication of ISO default specification operators apd particularly

dication of non-default specification operators, either by direct indication or by the use
¢ or drawing-specific defaults.

e purpose of this International Standard, a concept is considered as an abstract idea,
ered as a standardized truth based on concepts upon which rules are based, and a rule
tandardized procedure (for action).
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INTERNATIONAL STANDARD ISO 8

015:2011(E)

Geometrical product specifications (GPS) — Fundamentals —
Concepts, principles and rules

1

cope

This International Standard specifies fundamental concepts, principles and rules valid-for
interpfetation and application of all other International Standards, Technical Specifications &

Repo
This |

For th
sense)
2 N

The f
refere

s concerning dimensional and geometrical product specifications (GPS) and yetification.
nternational Standard applies to the interpretation of GPS indications on all types of drawin

b purposes of this International Standard, the term “drawing” is to beinterpreted in the broa
, encompassing the total package of documentation specifying the workpiece.
ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th

document (including any amendments) applies.

ISO1
specif]

ISO 1
specif

ISO/IE
meas

ISO/IH
terms

7450-1:—1), Geometrical product specifications (GPS) — General concepts — Part 1: Model f
cation and verification

/450-2:—2), Geometrical product Specifications (GPS) — General concepts — Part 2:
fcations, operators and uncertainties

FC Guide 98-3:2008, Unecertainty of measurement — Guide to the expression of
irement (GUM:1995)

EC Guide 99:2007 -International vocabulary of metrology — Basic and general concepts a
(VIM)

the creation,
nd Technical

JS.

dest possible

ht. For dated
e referenced

or geometrical

Basic tenets,

ncertainty in

nd associated

3 Terms-and definitions

F0r t < }JUI}JUDUD Uf th;D dUUuIIIUI It, thU tCIIIIO (JIIGI dGI‘;II;t;UI 1S H;VUII ;II :SC 17450 AI ]
ISO/IEC Guide 98-3, ISO/IEC Guide 99 and the following apply.

3.1

ISO GPS system

GPS system

geometrical product specification and verification system developed in ISO by ISO/TC 213

1) To be published. (Revision of ISO/TS 17450-1:2005)
2) To be published. (Revision of ISO/TS 17450-2:2002)

© 1S0O 2011 — All rights reserved

ISO 17450-2,


https://standardsiso.com/api/?name=f132b915145265943493fbff3ecd6c2f

ISO 8015:2011(E)

3.2
default GPS specification
GPS specification in which the specification operator is defined by standards or regulations

NOTE Where defined, default specifications are usually recognizable by the introductory wording: “unless otherwise

specified...”.

3.3

ISO default GPS specification

default GPS specification defined by ISO standards

3.4

altered defaylt GPS specification
default GPS gpecification defined by other means

3.5
ISO default GPS specification operator

specification pperator containing only default specification operations in the default ordef/and defined

standards

4 Fundamental assumptions for the reading of specifications on drawings

4.1 General

The following|lassumptions regarding the interpretation of toleranceclimits are the basis for the overall ry

the GPS systg¢m.

y 1ISO

les of

General and |individual specifications written on the drawing shall always be respected and are linked by

default to the pssumptions given in 4.2 to 4.4.

4.2 Functipnal limits

It is assumeq for interpretation that the functional limits are based on an exhaustive investigation dg
experiment orf theory, or a combination of hoth, so the functional limits are known with no uncertainty.

4.3 Tolerahce limits

It is assumed|for interpretation thatthe tolerance limits are identical to the functional limits.

4.4 Workpliece functional level

It is assumed|for interpretation that the workpiece functions 100 % within the tolerance limits and 0 % o

the tolerance Jimits:

ne by

utside

5 Fundamental principles

5.1 Invocation principle

Once a portion of the ISO GPS system is invoked in a mechanical engineering product documentation, the
entire ISO GPS system is invoked, unless otherwise indicated on the documentation, e.g. by reference to a

relevant document.

“Unless otherwise indicated on the documentation” means e.g. that if it is indicated on the documentation that
it has been prepared in accordance with a regional, national or company standard, then that standard and not
the ISO GPS system shall be used to interpret those elements of the specification that are covered by that

standard.

2 © 1S0O 2011 — All rights reserved
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“Tolerancing 1ISO 8015” can optionally be indicated in or near the title block for information, but is not required
to invoke the ISO GPS system.

NOTE 1 The most common way to invoke the ISO GPS system is to use one or more GPS specifications in a drawing.
NOTE2 The ISO GPS system is defined in the International Standards published by ISO/TC 213. See also
ISO/TR 14638.

NOTE 3  That “the entire ISO GPS system is invoked” means that e.g. fundamental and global GPS standards apply
and consequently that e.g. the reference temperature given in ISO 1 and the decision rules given in ISO 14253-1 apply
unless otherwise indicated. The purpose of the invocation principle is to provide the formal traceability for these GPS
standards and rules.

5.2 |Principle of GPS standard hierarchy

The I§ f standards in

the gi

5O GPS system is defined in a hierarchy of standards that includes the following.types o
en order:

fyndamental GPS standards;

global GPS standards;

general GPS standards;

complementary GPS standards.

The rylles given in standards at a higher level in the hierarchy apply in all cases unless rules in standards at
lower Jevels in the hierarchy specifically give other rules.

The rdles given in fundamental GPS standards, e.g.&his International Standard, apply in all cases, unless the
rules in a specific standard at a lower level give other rules that apply within its scope.

The rdiles given in global GPS standards, e€,.g:-ISO 1, apply in all cases, unless the rules in a sp
or complementary GPS standard give othérrules that apply within its scope.

ecific general

All rul

gener
explic
specif

All rul
given
compl

es given in fundamental and global GPS standards apply in addition to the rules specif]
bl GPS standards, e.g. ISOK\1N01, except in the cases where the rules in the general GPS
tly different from the rul€s,given in fundamental and global GPS standards and unless
c complementary GP8 standard give other rules that apply within its scope.

s given in fundamental, global and general GPS standards apply in addition to the rulg
in complementary GPS standards, e.g. I1SO 2768-1, except in the cases where the
ementary GPS standard are explicitly different from the rules given in fundamental, globz

cally given in
standard are
the rules in a

bs specifically
rules in the
| and general

GPS gtandards:
5.3 |Definitive drawing principle
The drawing is definitive. All'Specifications shall be indicated on the drawing using GPS symbology (with or

without specification modifiers), associated default rules or special rules and references to related
documentation, e.g. regional, national or company standards. Consequently, requirements not specified on
the drawing cannot be enforced.

A drawing may include specifications relating to several stages of completion of the product. In this case, it
shall be indicated which stage each indication refers to, unless it is the final stage.

As part of the ISO GPS system, this International Standard and the principles and rules defined in it apply to
all product specifications where the ISO GPS system is invoked (see 5.1), even though it is not explicitly
referenced in the drawing.

NOTE As stated in the Scope, for the purposes of this International Standard, the term “drawing” is to be interpreted
in the broadest possible sense, encompassing the total package of documentation specifying the workpiece.

© 1S0O 2011 — All rights reserved
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5.4 Feature principle

A workpiece shall be considered as made up of a number of features limited by natural boundaries. By default,
every GPS specification for a feature or relation between features applies to the entire feature or features; and
each GPS specification applies only to one feature or one relation between features.

This default ca

NOTE 1

n only be overridden by explicit indications on the drawing.

The natural boundaries between features are in most cases edges where an abrupt change in the surface

normal occurs. However, this is not always the case. Consider a workpiece that consists of a cylindrical feature between
two hemispherical features of the same diameter. In this case, there is no abrupt change in the surface normal at the

natural bounda

NOTE 2  Thg
part of a featur:

NOTE 3  Thg
CZ (common tq

NOTE4 Un
specification in

5.5 Indepe

By default, eV
other specific

to 1SO 2692,
specification.

5.6 Decim

Non-indicated
as well as GPH

EXAMPLE 1

EXAMPLE 2

5.7 Defaul

A complete s
GPS specifica

NOTE 1 IS
is not directly v

EXAMPLE
according to IS

NOTE 2
shorthand nota

NOTE 3

NOTE 4

ries between the features.

bre are indications available to specify that a requirement does not apply to the entire feature, e.g:
E is indicated with a long-dashed dotted wide line or when the ACS (any cross-section) indication is u

ere are indications available to specify that a requirement applies to more than one featufe, e.g. wh
lerance zone) indication is used.

ess otherwise specified, a general GPS specification is considered a set of GPS, specifications. Ead
the set only applies to one characteristic of a feature or a relationship between'f€atures (see also 5.1

ndency principle
ery GPS specification for a feature or relation between features shall be fulfilled independ

htions except when it is stated in a standard or by special‘indication (e.g. @ modifiers acc
CZ according to 1ISO 1101 or ® modifiers according“to 1SO 14405-1) as part of the

pl principle

decimals of nominal values and tolerance values are zeros. This principle applies to drg
S standards.

+ 0,2 is the same as + 0,200 000 ...
10 is the same as 10,000 000 ...
t principle

pecification operator can be indicated by using ISO basic GPS specifications. The 1SO
tion indicates<hat the requirement is based on the default specification operator.

sible ifpthe drawing.

vhen a
sed.

en the
h GPS

2).

ent of
ording
actual

wings

basic

GPS standards define the ISO default GPS specification operator for each ISO basic GPS specification. It

The dimensional cpnr‘ifir‘nfinn ‘@30 He” imlr_\linc that the default Qpnr‘iﬁr‘nfinn npnrnfnr (Inr‘

O 14405-1 applies.

tions, or both. These modifiers or shorthand notations, or both, are visible in the drawing.

| size)

Special GPS specifications can be indicated in technical product documentation by the use of modifiers or

Modifiers are used to change the specification operator when the default specification operator does not apply.

Default GPS specifications can be changed by using drawing-specific default GPS specifications or company-

specific default GPS specifications. Both of these are indicated in the drawing either directly, or through the reference to a

document, e.g.

a regional, national or company standard (see 6.3).
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Reference condition principle
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By default, all GPS specifications apply at reference conditions. These include the standard reference
temperature of 20 °C defined in ISO 1 and that the workpiece shall be free of contaminants. Any additional or
other conditions that apply, e.g. humidity conditions, shall be defined in the drawing.

5.9

Rigid workpiece principle

By default, a workpiece shall be considered as having infinite stiffness and all GPS specifications apply in the
free state, undeformed by any external forces including the force of gravity. Any additional or other conditions
that apply to the workpiece shall be defined in the drawing; see, for example, ISO 10579.

5.10 |Duality principle

5.10.1 Operator concept

Speci
A spe

This @
emul
funct

ications for workpiece features in GPS standards are formulated. as specificatid
Cification operator is a set of prescribed operations in a prescribed order-

oncept allows for flexibility in specifications. The set of operations inja specification can b,

j)le specific functional requirements, thus limiting or eliminating<any ambiguity of the des
i

n in the specification.

A conpplete specification operator defines the measurand for.the specification in all significan

elimin
The v
same
opera

The
suffici

5.10.2

Thed
1

ates ambiguity of the specification.

brification operator is the physical implementation\of the specification operator. It may ha
operations in the same order, in which case the method uncertainty is zero, or it may
ions or perform the operations in a different order, in which case the method uncertainty is

erification operator is not specified 4n:-the drawing. Rather, it is decided during veri
bntly close to the specification operator to keep the method uncertainty at an acceptable le

Duality principle statement

Liality principle states that:

a GPS specifiecation defines a GPS specification operator independent of any
procedure or-méasurement equipment, and;

n operators.

e designed to
Cription of the

details. This

e exactly the
nave different
not zero.

ication to be
vel.

measurement

2) the GPS.specification operator is realized in a verification operator which is independent of the GPS
specification itself, but is intended to mirror the GPS specification operator.
The GPS¢specification does not dictate which verification operators are acceptable. The acceptability of a

verific

ption ‘operator is evaluated using the measurement uncertainty and any ambiguity of the sg

ecification.

5.11

Functional control principle

Each workpiece function is expressed by a functional operator and can be simulated by a set of specification
operators, which again defines a set of measurands and the associated tolerances for these measurands.

The specification of a workpiece is complete when all intended functions of the workpiece are described and
controlled with GPS specifications. In most cases, the specification will be incomplete because some functions
are described/controlled imperfectly or not at all. Hence, there may be a good or bad correlation between the
function and the set of GPS specifications used.

Any lack of correlation between the functional requirements and the requirements of the GPS specifications
results in ambiguity of the description of the function.

© 1S0O 2011 — All rights reserved
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5.12 General specification principle

General GPS specifications apply individually to each characteristic for each feature and to each characteristic
for each relationship between features for which no individual GPS specification of the same type has been
indicated. General GPS specifications are considered as a set of specifications unless otherwise specified and
apply to each characteristic for each feature and to each characteristic for each relationship between features
individually.

If no general GPS specifications are indicated in or near the title block, then only the individual GPS

specifications indicated in the technical product documentation apply.

If more than

contradictory,| they shall be supplemented with an explanation to make it clear to which characteristic§ each
general GPS ppecification applies to avoid ambiguities in the specification.

In the case of contradictory general GPS specifications, i.e. two or more general GPS specifications for the
same characjeristic, the general rules for ambiguity of the specification only require compliance with one
general GPS ppecification, i.e. the most permissive one.

NOTE 1 Anlindividual GPS specification can be more or less restrictive than the general GRS specification indicated in
the drawing.

NOTE 2 For example, ISO 1302, ISO 2768 and ISO 13715 provide tools for indicating general tolerances.

5.13 Responsibility principle

Given the duality principle and the functional control principle, it.is‘Aecessary to describe the closeneg

s of a

specification pperator to the functional operator and the closeness of a verification operator to a specification
operator. Thg ambiguity of the description of the functionand the ambiguity of the specification together
describe the [closeness of the specification operator to the functional operator. These ambiguities afe the
responsibility | of the designer. The measurement uncertainty quantifies the closeness of the verification
operator to fhe specification operator. Unless otherwise stated, the measurement uncertainty |s the
responsibility jof the party who is providing proof ef\eénformance or non-conformance with a specification; see
ISO 14253-1.

6 Rules for indication of default specification operators

6.1 General

Default GPS |specifications~are generally used to simplify the tolerancing on technical drawings. A default
specification pperator can,be specified in one of two ways, by indicating either a general ISO defaulf GPS
specification, or a general‘altered default GPS specification.

6.2 General ISO default GPS specification

When the

ISO basic GPS specification according to ISO 1101, 1ISO 1302, ISO 5459, etc., is the actual specification
for any geometrical characteristic on the drawing, and

no general altered default GPS specification is indicated in or near the title block,

then the 1ISO default specification operator is the one required by the current ISO standard defining the default
specification operator in question. The ISO standard defining the default specification operator in question is
always the latest version available at the time of the preparation of the drawing. If reference to previous
versions of that ISO standard is required, it shall be unambiguously stated.

NOTE Currently, ISO GPS standards do not provide defaults for all specification operations in all specification
operators. Consequently, many ISO default specification operators are not complete.

© 1S0O 2011 — All rights reserved
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6.3 Altered default GPS specification
An altered default specification operator shall be defined in a relevant document.

The altered default specification operator shall be thorough, unambiguous and completely defined in order to
be regarded as a complete specification operator.

The altered default specification operator shall be indicated on the drawing in or near the title block. The
indication shall as a minimum include the following when non-ISO GPS standards are applied:

— the word “Tolerancing” or “Tolerancing ISO 8015”;
RHe symbol ;

bmplete identification of the relevant document and other necessary information (e:g“date of issue).

—

|
(@]

NOTE AD stands for “Altered Default”.

If mofe than one altered default specification operator is used in a drawihg, each symbol shall be
followgd by a number.

Some|ISO standards provide means to alter the ISO default, e.g. Size SO 14405 GG.
i$ only used when non-ISO GPS standards are applied.

Tolerancing ISO 8015 — ABC12345:2010

Symbyl |

Comglete identification of the relevant document and other necessary information

See also the example in Figure 1.

—~

Tolerancing 1SO 8015(AD)-ABC12345:2010

TITLE BLOCK

\

/

Figure 1 — Indication of an altered default specification operator

© 1S0O 2011 — All rights reserved 7
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7 Rules for indication of special specification operators

7.1 General

Special specification operators for any geometrical characteristic shall be indicated by adding complementary
information (requirements) to the ISO basic specification. The added complementary information changes the
operations in the defined default specification operator.

NOTE 1 This type of added complementary information (requirement) is defined as a specification modifier
(see ISO 17450-2:—, 3.5.2).

Operations not_having complementary requirements assigned in the indicated special specification operator
remain as defined by the default specification according to the ISO basic specification.

NOTE 2  Cufrently, ISO GPS standards do not provide defaults for all specification operations in all(specification
operators. Congequently, many ISO basic specifications are not complete.

The techniqug described in 7.2 shall be applied for indication of special specification operators for both

— features {oleranced individually in accordance with ISO 1101, ISO 1302, ISO 5459;-€tc., and

— drawing dinique default specifications.

7.2 Added complementary information (requirements) to the ISO’basic specification

Added complementary information (requirements) to the ISO basigc\specification may change the default
operations of [SO basic specification where needed. Examples of this information are

a) associatipn rule,
b) filter type
c) transmisgion band,
d) stylus tip| and

e) extraction strategy.

When changipg any of these default-gperations to the specific need of the design, the ISO basic specification
shall be modified as follows:

— in the cgse of an ISO<1101 specification, by adding information to the second compartment pf the
tolerance indicator;

— in the cape of an=ISO 1302 specification, by adding information in areas a-e of the complete grgphical
symbol for surface texture;

— in the caseof amtSO14405-tspectification, by adding modifierstothetoferance indicatior.
See the respective International Standards for details.

NOTE Currently, ISO GPS standards do not define all the necessary specification modifiers.

8 Rules for statements in parentheses

Statements given in parentheses are only for information and do not constitute an integral part of the
specification/requirement.
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