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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-governm

ental in liaison with 1SO_also take part in the work 1SO 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 tagk of technical committees is to prepare International Standards. Draft International Stan

adopted by [the technical committees are circulated to the member bodies for voting. |Publication 2
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is g

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 22432 \Was prepared by Technical Committee ISO/TC 213, DimensSional and geometrical pn
specification$ and verification.

rawn to the possibility that some of the elements of this document may be the subject of ¢
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Introduction

This International Standard is a Geometrical Product Specifications (GPS) standard and is to be regarded as
a global GPS standard (see ISO/TR 14638). It influences all chain links in all chains of standards in the
general GPS matrix.

The
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defad
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Geor
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phys
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work
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stang
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The

asse
acco

SQ/GPS Mne’rprplan gi\/pn in ISO/TR 14638 givpc an averview of the ISQ/GPS chtpm

of which this

ment is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this docur
It decision rules given in ISO 14253-1 apply to specifications made in accordance with-th
s otherwise indicated.

hetrical features exist in three “worlds”:
the world of nominal definition, where an ideal representation of the workpiece’is defined by t

the world of specification, where the designer has in mind several representations of the work

me world of verification, where one (or more) representation(s) of a given workpiece is (are
e application of measuring procedure(s).

e world of verification, mathematical operations can be” distinguished from physical opg

cal operations are the operations based on physicakpfocedures; they are generally mechg

ectromagnetic. The mathematical operations are~mathematical treatments of the samj

biece. This treatment is generally achieved by cemputing or electronic treatment.

important to understand the relationship between these three worlds. This International Star]
ardized terminology for geometrical features principally in the world of specification and
Cation, to be used in communication-between each world.

features defined in this International Standard are well suited for the specification of rig
mblies, and may also be applied to non-rigid parts and assemblies by specifying allowg
ding to rigid solids.

nent and the
s document,

he designer;
piece;

identified in
rations. The

nical, optical
pling of the

dard defines
the world of

id parts and
ble variation
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INTERNATIONAL STANDARD

ISO 22432:2011(E)

Geometrical product specifications (GPS) — Features utilized in
specification and verification
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Terms and definitions

Bcope

International Standard defines general terms and types of features for geometrical
fications for workpieces. These definitions are based on concepts developed in ISO/TS 1744

International Standard aims to serve as the “road map” mapping out the Linterrelations

etrical features, thus enabling future standardization for industry and software makers in
er.

Normative references
following referenced documents are indispensable for «thie application of this documen
ment (including any amendments) applies.

4660-1:1999, Geometrical Product Specifications (GPS)— Geometrical features — Pa
and definitions

'S 17450-1:2005, Geometrical productlspecifications (GPS) — General concepts — Part
etrical specification and verification

'S 17450-2:2002, Geometrical‘\product specifications (GPS) — General concepts — Part 2:
fications, operators and uncertainties

he purposes/ofithis document, the terms and definitions given in ISO 14660-1, ISO/TS
S 17450-2%and the following apply.

ce‘model

features of
0-1.

hip between
a consistent

t. For dated
b referenced

It 1: General

1: Model for

Basic tenets,

17450-1 and

| répresenting the set of features limiting the virtual or the real workpiece

NOTE 1 All closed surfaces (see Figures 1 and A.1) are included.

NOTE 2

total product is modelled by a set of surface models corresponding to each workpiece.

EXAMPLE Case of a hollow surface.

© IS0

2011 — All rights reserved
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Representation of a real surface of the workpiece

Representation of the real workpiece?

-

Representat
surfad

on of nominal
e model

Representation of skin
model

Representation of sampled
surface model

Representation of discrete
surface model

@ Forthe pu

fpose of this International Standard.

NOTE It
International S

3.141

nominal surface model

surface mods
NOTE 1 A
NOTE 2 A
NOTE 3 Al
3.1.2

skin model

surface mods
NOTE 1

s impossible to predict the total geometry of the real workpiece due to its geometrical imperfections.
tandard, a real surface of the workpiece is illustrated insolid black.

Figure 1 — Example of real surface’of the workpiece and its models

| of ideal geometry defined by‘the technical product documentation

hominal surface model is an(ideal feature (See Figure 1 and Table 1).

hominal surface modelis,a continuous surface composed of an infinite number of points.

y feature on the nominal surface model (skin model) contains a continuous infinite number of points.

| of'non-ideal geometry

n this

The skin model is a virtual model used to express the specification operator and the verification operator

considering a continuous surface (see Table 1 and ISO/TS 17450-1).

NOTE 2

NOTE 3

NOTE 4

A skin model is a non-ideal feature (see Figure 1).

A skin model is a continuous surface consisting of an infinite number of points.

Any feature on the skin model contains a continuous infinite number of points.

© 1S0O 2011 — All rights reserved
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discrete surface model
surface model obtained from the skin model by an extraction

NOTE 1 In addition to the required points, the extraction implies an interpolation.

NOTE 2

considering a finite number of points (see Table 1).

NOTE 3 A discrete surface model is a non-ideal feature (see Figure 1).

314

The discrete surface model is used to express the specification operator and the verification operator

samﬂ)led surface model

surfa
NOTH
NOTH
a gau
is dirg
NOTH

3.2

geometrical feature

point

NOTH
defini

NOTH
featur

3.2.1

nominal feature

geon
NOTH
NOTH
NOTH
EXAM
which

assod
Carte

ce model obtained from the real workpiece model by a physical extraction
1 In addition to the sampled points, the verification may imply an interpolation.

2  The sampled surface model is used in verification by coordinate metrology, net, for example, in
ge because gauging makes no measurement of points. In verification by a gauge,.the’real surface of
ctly considered (see Table 1).

3 A sampled surface model is a non-ideal feature (see Figure 1).

line, surface, volume or a set of these previous items

1 The non-ideal surface model is a particular geométrical feature, corresponding to the infinitg
ng the interface between the workpiece and the surrounding.

2 A geometrical feature can be an ideal feature or a non-ideal feature, and can be considerg
e or a compound feature.

sian. coordinate system leads to writing x2 + y2 = D/2, D being a dimensional parameter. A cylinder is a

verification by
the workpiece

set of points

d as a single

latical formula,
Brameters are

etrical feature of ideal geometry~defined in the technical product documentation by the produict designer
1 See Figure B.1.
2 A nominal featur€is defined by the technical product documentation. See Table 1.
3 A nominal,feature can be finite or infinite; by default it is infinite.
PLE A perfect cylinder, defined in a drawing, is a nominal feature obeying a specific mathem
is defined in a coordinate system related to the situation feature, and for which dimensional p
iated. The situation feature of a cylinder is a line which is commonly called “its axis”. Taking this line as an axis of a

feature of size,

of wh

hthe size is its diameter D

3.2.2

real feature
geometrical feature corresponding to a part of the workpiece real surface

3.2.3

discrete feature
geometrical feature corresponding to a part of the discrete surface model

3.24

sampled feature
geometrical feature corresponding to a part of the sampled surface model

© IS0

2011 — All rights reserved


https://standardsiso.com/api/?name=d1512e3a0da74d700bd84380a0dc350f

ISO 22432:

3.2.5

2011(E)

ideal feature
feature defined by a parameterized equation

[ISO/TS 17450-1:2005, definition 3.13]

NOTE 1 The expression of the parameterized equation depends on the type of ideal feature and on the intrinsic
characteristics.
NOTE 2 By default, an ideal feature is infinite. To change its nature, it is appropriate to specify it by the term “restricted”,

e.g. restricted

NOTE 3

NOTE 4

3.2.5.1

Fd
considered thd

THh
ISO 17450-1:9

ideal feature.

r a complex surface defined by a cloud of points and an interpolation method, the cloud of po
parameter.

is definition is also contained in ISO/TS 17450-1:2005. It is envisaged that it will be deleted
011.

attribute of an ideal feature

property intri

NOTE 1

NOTE2 If

3.2.5.11
feature of si
geometrical

Fq
can be defineq

nsically attached to an ideal feature

ur levels of attributes can be defined for an ideal feature: shape, dimensional parameters from which
in the case of a feature of size, situation feature and skeleton (whentthe size tends to zero).

he ideal feature is a feature of size, then one of the parameters of.the shape can be considered as a s

e
eature having one or more intrinsic characteristics, only one of which may be considered

variable parameter, that additionally is a member of a\‘one-parameter family”, and obey the mong

containment
NOTE 1 A
etc. In former
mentioned.

NOTE 2

NOTE 3
(LMR and MM

EXAMPLE 1

EXAMPLE 2
is its width.

3.2.,5.1.141
one-parame

TH

R4

property, for that parameter

feature of size can be a sphere, a circle,two straight lines, two parallel opposite planes, a cylinder, a

ere are restrictions when there.is more than one intrinsic characteristic (e.g. a torus).

blative to the function,a\feature of size is particularly useful for the expression of material require
IR, see ISO 2692).

A single cylinder constituting a hole or a shaft is a feature of size. Its size is its diameter.

A compeund feature of two single parallel plans constituting a groove or a key is a feature of size. If

nts is

from

A size

as a
tonic

torus,

International Standards a wedge and_a cone were considered as features of size, and a torus was not

ments

S size

ter family

set of ideal geometrical features defined by one or more dimensional parameters whose members are
generated by varying one parameter

EXAMPLE 1
diameters is a

EXAMPLE 2

A set of o-rings (torus-shaped) with the same fixed median-ring diameter and different cross-sectional

one-parameter family (see Figure 2).

A set of gauge blocks defined by the gauge blocks' thickness is a one-parameter family.

© 1S0O 2011 — All rights reserved
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V7, 7

Key
D 1
d (

3.25
mon
prop{
size

EXAM
same
becay
Figurd

EXAM

differd
prope]

3.2.5

hedian-ring diameter
ross-sectional diameter

Figure 2 — Example of one-parameter family

1.1.2
btonic containment property
rty of a one-parameter family where a member with a given size ¢ontains any member w

PLE 1 A torus belonging to a one-parameter family, corresponding to a set of o-rings (torus-sh
fixed median-ring diameter and different cross-sectional diameters, respects the monotonic contain
se from an ideal point of view, the larger family member completely envelopes the smaller family
 3).

PLE 2 A torus belonging to a one-parameter family, corresponding to a set of o-rings (torug
nt median-ring diameters and the same fixed cross:sectional diameter, does not respect the monoton
Ity and therefore cannot be considered as a feature of size.

Figure 3 — Monotonic containment property

1.2

situation feature

geon
of the

See |

idea| feature

Figures 4 to 7.

ith a smaller

bped) with the
ment property,
member (see

-shaped) with
¢ containment

etrical feature defining the location or orientation of an ideal feature and which is a geometrical attribute

© IS0
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a) Pair|of parallel planes b) Cone c) Two-nhon-parallel planes

Figure 4 — Example of situation planes

a) Axis of a cylinder b) Axis of a cone

Figure 5 — Example of situation lines

a) Situation point of a cone b) Situation point of a sphere

Figure 6 — Example of situation points

6 © 1SO 2011 — All rights reserved
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NOTH

3.2.5

shape of an ideal feature
mathpmatical generic description defining the ideal geometry of a feature

NOTH
EXAM

EXAM

3.25
skeld
redud

NOTH

feature is identical to the situation feature, which is net'the case for the torus.

EXANM
diamd

3.2.6
non-

impeffect feature fully dependent on the non-ideal surface model (skin model)

[ISOATS 17450-1:2005) definition 3.19]

Figure 7 — Example of situation helix

In many cases, instead of using the situation helix, the axis of the situation helix is usgd.

2

An ideal feature of a preset shape can be qualified or named.

PLE 1 Planar shape, cylindrical shape, spherical shape, conical shape.

PLE 2 A surface can be qualified “planar surface” or be directly hamed “plane”.
3

ton feature

tion of an ideal feature when its size is equal to Zero

In some cases, the skeleton feature is identical to the situation feature. In the case of the cylindg

PLE In the case of a torus, there are two dimensional parameters of which one is a size (the
ter of the torus). Its skeleton is a circle'and its situation features are its plane and a perpendicular line.

deal feature

r, the skeleton

ross-sectional

0 specify it by

deleted from

NOTH 1 A non-ideal feature is, by default, of finite dimension. To change this nature, it is appropriate f
assodiating the\restricted term.

NOTHE 2-° \This definition is also contained in ISO/TS 17450-1:2005. It is envisaged that it will be
ISO 1[7450-1:2011.

3.2.7

specification feature
geometrical feature identified from the skin model or from the discrete surface model and defined by the
specification operator

See Table 1 and Figure B.2.

NOTE Specification and verification operators are defined in ISO/TS 17450-2.

EXAMPLE 1

ideal specification feature.

© IS0

2011 — All rights reserved
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In the process of specification, a non-ideal cylindrical surface identified from the skin model by a partition
is a non-ideal specification feature.

verification feature
geometrical feature (identified from the skin model, the discrete surface model or the sampled surface model)

or real featur

See Table 1

NOTE 1

e defined by the verification operator

and Figure B.3

In the world of verification, mathematical operations can be distinguished from physical operations. These

physical operations are based on physical procedures; they are generally mechanical, optical or electromagnetic. The
complete spedification operator includes the type of physical property to which the specification applies.
NOTE 2  The geometrical feature identified from the skin model or from the discrete surface model is used)te/defipe the
verification opgrator. The geometrical feature identified from the sampled surface model and the real feature are uged to
implement the|verification operator.
EXAMPLE 1 In the process of verification, a perfect cylinder identified from the workpiece by an|association is an ideal
verification fegture.
EXAMPLE 2 In the process of verification, an imperfect cylindrical surface identified frem the workpiece by a p43rtition
is a non-ideal yerification feature.
Table 1 — Use of surface models
Surface model
Fipld of use Nominal Skin Discrete Sampled Real surface
surface model model surface model | surface model

Technical product documentation Applicable Non-applicable | Non-applicable | Non-applicable | Non-appligable
Specification pperator Non-applicable Applicable Applicable Non-applicable | Non-applicable
Verification operator Non-applicable Applicable Applicable Applicable Applicable

3.29
single featu

e

geometrical feature which is a single point, a single line, or a single surface

NOTE A

— aplaneis

a cylinde

EXAMPLE

single feature can-have none, or one or more intrinsic characteristics, e.g.:
a single feature but has no intrinsic characteristic;

has only.one intrinsic characteristic;

a torus has two'intrinsic characteristics.

is not a single

A (H | H H laf. 4 L = Q a0\ A 4+ of £ | £ 4 HY '
ALYNTIUTT 1o d olfTyiC 1CatulC (oTT T TyulTo U aliu J). A STL UT oUTTalTo TTTautT Uy UT TWU TTICT ST Uy

feature, because one plane has a greater invariance degree than two planes (see 3.2.9.4, Note 3).

lanes

© 1S0O 2011 — All rights reserved
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Nominal feature

Specification feature

Verification feature

Single integral
features

=

Single associated
features

Single feature
portions

Obtalned from

Nominal surface
model

Skin model

Discrete surface
model

Sampled surface
model

Real surface of a
workpiece

Key

1 single integral features
2  single associated features

© 1SO 2011 — All rights reserved
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Nominal feature Specification feature Verification feature

Example of a
single nominally
planar feature

Example of a
single nominglly
cylindrical feature

single-portion
nominally planar
feature

O

L

Obtained from

) U

v

) ﬁ
Example of a O

v

Example of a

feature pair oph a ) >
nominally ; X/
cylindrical % : 3

surface - - ’

'

Nominal’sufface Discrete surface | Sampled surface | Real surface|of a

Skin model

model model model workpiec¢

1

'
2

Figure 9 — Examples of single features built from different surface models

10 ©1S0 2011 — All rights reserved
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3.2.91
single point
point taken from a single surface or from a single line

3.2.9.2
single line
continuous line which is nominally a straight line, a circle or a complex line

NOTE 1  Anarcis a restricted circle (see Figure 10).

NOTE 2  Asingle line does not intersect itself.

Figure 10 — Example of single lines

3.2.93

complex line
continuous line that is not a straight line or a circular line of which the shape and the extension are defined
and ipdicated by the designer in respect of the writing rules

3.2.9(4

single surface
continuous surface which is nominallya plane, a cylinder, a sphere, a cone, a torus, anoth¢r surface of
revolute invariance class, a surface of prismatic invariance class, a helix, a surface of compléx invariance
class|, or a restricted part of one of them

NOTH 1 A revolute surfacelis)a single surface if its generatrix is a single line (see Figure 11).
NOTH 2  Table 1 of ISOITS 17450-1:2005 illustrates the types of single surfaces with their invariance degfee.

NOTH 3  If a surface contains a surface portion of higher invariance degree than itself then it is not a single surface. A
partia| ordering ©f ‘single-surface types, based on whether they can contain each other, is given in Figure 14. The ordering
is parfial because’some surface types cannot be contained within each other.

— s H e /= I

Figure 11 — Example of single surfaces

© 1S0 2011 — All rights reserved 11
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3.2.9.5
complex su

continuous s
of the writing

3.2.10
compound
geometrical

NOTE1 A

parallel planed

NOTE 2

EXAMPLE 1

EXAMPLE 2

12

g

TH
number (see H

:2011(E)

Con ) S

Figure 12 — Partial ordering of single-surface types

face

rface of which the shape and the extension are-defined and indicated by the designer in re
rules, and is not considered a plane, cylinder,'Cone, torus or sphere

ature
ature which is a collection of sevéral single features

compound feature can have none&; or one or more intrinsic characteristics. For instance, the set
is a compound feature, which\has one intrinsic characteristic.

e number of features constituting a compound feature can be finite (countable) or infinite (continuo
igure 13).

A set of surfaces’ consisting of two parallel cylinders is a compound feature (see Figure 14).

A geomietrical feature made up from two groups of two parallel planes is a compound feature.

spect

bf two

us) in

© 1S0O 2011 — All rights reserved
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Nominal feature

Specification feature

Verification feature

Example of a
compound feature
consisting of a
finite number of
single-portion
nominally planar
features

° 3\

@)

Exanpple of a
compound feature
consisting of an
infinife number of
singlé nominally
straight lines

S
/

v

I\

CESUEPRREERR

Cestreers

<

Obtalned from

ol

Nominal surface
model

Skin‘model

Discrete surface
model

Sampled surface | Rea| surface of a
model workpiece

Figure 13 — Example of compound feature built from a finite or infinite number of single features

© 1SO 2011 — All rights reserved
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Nominal feature Specification feature Verification feature

7

”
o
o
o
o

Example of a
compound feature
consisting of two
nominally planar
surfaces

Example of a
compound feature
consisting of fwo

nominally
cylindrical
surfaces

Example of —
compound feature X
consisting of & - 4
finite number [of
point pairs

Obtained from

Nominal surface . Discrete surface | Sampled surface | Real surface|of a
Skin model :
model model model workpiec¢

Figure 14 — Examples of compound features

3.2.11
extracted fepture
geometrical fFature consisting of a finite number of points

NOTE 1 When the representation is defined by an infinite number of points, the word “extracted” is not used with the
considered terms.

EXAMPLE An integral feature is, by default, an infinite representation, whereas an integral feature is extracted with a
finite representation.

NOTE 2  The concept of “extracted” can apply to an integral feature or a derived feature.
3.212

infinite feature
geometrical feature consisting of an infinite number of points

14 © 1SO 2011 — Al rights reserved
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complete feature
total feature
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geometrical feature containing the totality of the points corresponding to one or more single geometrical
features and pertaining to the surface model

3.2.14

restricted feature

geometrical feature corresponding to a portion of a complete/total non-ideal feature or having a portion of an
(ideal) infinite feature

3.3
integral feature

surfafe or line on a surface

[ISO [14660-1:1999, definition 2.1.1]

NOTE 1

NOTE 2

An integral feature is intrinsically defined.

For the statement of specifications, features obtained from partition of-thé surface model myst be defined.

Thesg features are models of the different physical parts of the workpiece that have: specific functions, especially contact
with the adjacent workpieces. These features are called “integral features”.

NOTE 3

NOTH 4

— By a partition of the surface model, or

An integral feature is identified either

— by a partition of another integral feature, or

— By a collection of other integral features.

The integral feature is either a single or compound feature (see"Figures 14 and A.3).

Nominal feature

Specification feature

Verification feature

Example of an
integral single
nomihally planar
feature

Example of an
integral compound
feature

o
&
5

Obtained from

Nominal surface
model

Skin model

Discrete surface
model

Sampled surface
model

Real surface of a
workpiece

Figure 15 — Example of integral features

© 1SO 2011 — All rights reserved
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3.31

integral surface portion
integral surface which is a portion of the complete surface

NOTE  An integral surface portion is obtained from any type of section volume (see Figure 16).

3.3.2

integral line portion
integral line which is a portion of the complete line

NOTE  Anintegral line portion is obtained from a defined section volume, e.g. by two parallel planes (see Figure 16).

Nominal feature

Specification feature

Verification feature

Example of
restricted inte)

by a rectangu
section volun

gral

surface obtained

lar
e

Example of
restricted inte)

by a cylindric
section volum

surface obtailed

gral

e

Example of
restricted linef the
section volume is
limited by two
parallel planep
Obtained from
Nominal surface . Discrete surface | Sampled surface | Real surface of a
Skin model -
model model model workpiece
Figure 16 — Example of restricted feature
3.33
coupled feature
surface pair, line pair and point pair
NOTE A coupled feature is a special collection of ideal or non-ideal features which are obtained together in a partition

(see Figure 17).

16
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Nominal feature

Specification feature

Verification feature

Example of point
pair

Example of

AN

compound feature
of fin|te set of point
pairs|

N

Example of
surface pair
corresponding to
nomihally parallel
plangs

Exanpple of line
pair ¢orresponding
to twp nominally
parallel circles

NN

Obta|ned from

Nominal surface

model

Discrete surface

Skin model
model

Sampled surface
model

Rea| surface of a
workpiece

3.3.34

Figure 17 — Examples of coupled features

surface pair

set of at least two surfaces obtained from partition of a geometrical feature by a section volume

3.3.3.2
line pair

set of at least two lines obtained from partition of a geometrical feature by a section surface

3.33.3
point pair

set of at least two points obtained from partition of a geometrical feature by a section line

NOTE

© 1SO 2011 — All rights reserved

To define a point pair, the section line is often taken perpendicular to an ideal median-considered feature.

17
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34

filtered feature

non-ideal fea
See Figures

NOTE 1

ture which is the result of a filtration of a non-ideal feature

18 and A.5.

defined. Nominal filtered features do not exist.

NOTE 2

after a filtration.

The filtered feature is a specification or verification filtered feature, depending on the model from which it is

Relating to the function, the features considered are often not directly integral features, but integral features

NOTE 3 Td
offset features|

Key
1
2

non-ideal
filtered fe

EXAMPLE 1
form from the
the family of in

describe a filter, it is sometimes necessary to use other types of features, for example associated fed
enabling features (section features, structuring features).

1 2

feature before filtration
ature (non-ideal feature after filtration)

Figure 18 — Specification and verification filtered features

Creation of the roughness profile by applying a longwave cut-off filter to remove long wavelength
primary profile. The roughness profile is one of the(family of filtered features. The primary profile is
tegral features (see Figure 19).

M/MVAA
N A)"\/JVLA \ .
NN A N
Primary profile Filter Roughness profile
Integral feature Filter Filtered feature
Figure 19 — Example of creation of roughness profile
EXAMPLE 2 Roundness profile resulting from applying a Gaussian longwave-pass filter to the ext

circumferentia
belongs to the|

family'of integral features (see Figure 18).

tures,

s and
ne of

acted

line: the roundness profile belongs to the family of filtered features. The extracted circumferential line

3.41

filtered surface
surface which is the result of a filtration of a surface

3.4.2
filtered line

line which is the result of a filtration of a line

3.5

derived feature
geometrical feature, which is a median, displaced, congruent or reflected feature resulting from a set of
operations on an integral or filtered feature

18
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NOTE 1  The set of operations either preserve the nature of the original feature in such a way that the derived feature
has the appearance of the original feature or convert the nature of the original feature in such a way that the derived
feature becomes the median feature of the original feature (see Figure 20).

NOTE 2 A derived feature is non-ideal when it is obtained from a non-ideal feature. It is ideal when it is obtained from
an ideal feature.

NOTE 3  The derived feature is a nominal, specification or verification derived feature, depending on the model from
which it is defined.

NOTE 4 The derived feature can be established from a nominal feature, associated feature, or non-ideal feature.

NOTH 5 Integral features and filtered features are used in specifications, as well as features identified,frgm them, such
as digplaced features and median features (see Figure 21).

EXAMPLE The axis of a nominal cylinder is a nominal derived feature.

Nominal feature Specification feature Verification feafture

Example of a
derived feature
which is nominally
the akis of a
cylingler (case of
medipn feature)

Example of a
deri\::[ad feature
which is offset
from fthe single
featufe to x mm
(case of offset
featufe)

Obta|nedyfrom

Nominal surface . Discrete surface | Sampled surface | Real surface of a
Skin model -
model model model workpiece

Key
1 derived feature
2  offset of the derived feature

Figure 20 — Example of derived features

© 1S0 2011 — All rights reserved 19
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2 1 3 1 4 1
\
\
\
5 (I 1
Key
1 nominal iptegral feature 3 nominal offset feature 5 nominal translated feature
2 nominal median feature 4 nominal rotated feature 6  nomindlteflected feature
Figure 21 — lllustration of nominal derived feature shown in 2D

3.51
median feature
median poin{, ideal or non-ideal median line or median surface
NOTE1 A median feature is defined by the construction of a collection of points.
NOTE 2 A median feature is not an integral feature.
NOTE 3  The type of median feature relative to the real workpiece is not necessarily the same as the nominal m

feature (see F
a median

a median

NOTE 4 Med
deviations on

NOTES5 A
point” situatior

gure 22). For example:
feature, which is nominally a line, may be seen on the workpiece as a line or a surface;
feature, which is nominally a point, may be seen on the workpiece as a point, a line or a surface.

ian features are defined from “local symmetry centres”. They are defined in order to specify perm
Eymmetry features.

median feature is not'always a situation feature (e.g. the median feature of a torus, which is not the “lin
feature).

edian

ssible

e and

NOTE6 A median feature'can be ideal or non-ideal.
/\ 5
raN
? L
1 3
Key
1 nominal integral line 3 non-ideal integral line 5 associated line
2 nominal median point 4  non-ideal median line (each point of 6  directly associated median point
the median line is defined as the centre of
the two opposite points)
Figure 22 — Example of type changing related to a median feature
20 ©1S0 2011 — All rights reserved
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1

median surface
nominal median surface, non-ideal median surface, indirectly associated median surface or directly associated
median surface

See Figure 23.

3.5.1.11

nomi

nal median surface

surface consisting of a set of an infinite number of centres of the point pairs of the nominal integral surface(s)

HEHE

See |

3.5.1
non-

surfape consisting of a set of an infinite number of centres of the point pairs of the non:ideal inted
surfage(s)

See |

3.5.1

indirectly associated median surface

subs

See frigure 23.

3.51
direg

surfage consisting of a set of an infinite number of centres of the point pairs of the substitute surfg

See Figure 23.

1.2
deal median surface

igure 23.
1.3

itute feature of the non-ideal median surface

14
tly associated median surface

© IS0

2011 — All rights reserved

ral or filtered

ce(s)
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Nominal feature Specification feature Verification feature

Example of median
surface of a
compound feature
corresponding
nominally to g pair
of planes, that is
two parallel planes

Obtained from

Nominal surface Skin model Discrete surface | Sampled surface | Real surface|of a
model model model workpiece

nominal pair of surfaces

nominal median surface

non-ideall pair of surfaces

non-ideall median surface
indirectly|associated median surface

o g A~ ON -

substitutg surface

Figure 23 — Example of median surfaces
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3.51.2
median line
nominal median line, non-ideal median line, indirectly associated median line or directly associated median

line

See Figure 24.

3.5.1.21

nomi

nal median line

line consisting of a set of an infinite number of section centres or centres of point pairs of the nominal integral
surface(s) or line(s)

See Figure 24.

3.5.1
non-

line gonsisting of a set of an infinite number of section centres or centres of point pairs:of the non-
or filtered surface(s) or line(s)

See |

3.51
indir
subs

NOTH
qualif

See |
3.5.1
direg
situaf

NOTH

See |

2.2
deal median line

Figure 24.

2.3

betly associated median line

itute feature of the non-ideal median line

When an indirectly or directly associated median line ‘is“not to be considered as infinite, it is
it as an indirectly or directly associated median-line portion

Figure 24.

24

tly associated median line

ion feature or feature portion of the substitute feature, of the integral or filtered surface(s) or

Line consisting of a set of an infinite number of section centres.

Figure 24.

ideal integral

necessary to

ine(s)

© IS0

2011 — All rights reserved
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Nominal feature Specification feature Verification feature
3
L
’ 5 5
e
Example of a . L L L L

median line, \thich /
is nominally the
axis of a cylinder 1

2

L
F

P

3

O

Obtained from

W
v
.
v
.
by
kY
)

Nominal surface . Discrete surface | Sampled surface | Real surface|of a
Skin-model :
model model model workpiece

Key
nominal ihtegral surface

nominal median line

non-ideallintegral surface

non-ideallmedian line

indirectlyjassociatéd \median line (substitute line)
directly agsociated integral surface (substitute surface)

N O 0o WN -~

directly agsociated median line

Figure 24 — Example of median lines
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3.5.1.3

medi

an point

nominal median point, calculated median point or directly associated median point

See Figure 25.

3.5.1.31
nominal median point
calculated centre of a point pair or of an infinite number of points of the nominal integral surface(s) or line(s)

See Figure 25.

3.5.1
calcu
calcu
pair

See |
3.5.1
direg

calcu

See |

3.2
lated median point
lated centre of a finite number of points of the non-ideal integral or filtered surface(s) or lir

Figure 25.
3.3
tly associated median point

lated centre of a point pair or of an infinite number of points of the, substitute surface(s) or lin

Figure 25.

e(s) or point

© IS0

2011 — All rights reserved
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Nominal feature Specification feature Verification feature

Example of a
median point,
which represents
the centre of two
points

Example of a
median point,
which noming
represents the
centre of a circle

Yy

Obtained from

Nominal surface . Discrete surface | Sampled surface | Real surface|of a
Skin model :
model model model workpiece
Key
1 integral or filtered feature
2 nominal median point
3 section line or section surface
4  calculated median point

Figure 25 — Example of median points

3.5.2
offset featu 1e
displaced liné-erdisplaced-surface

EXAMPLE See Figure 26.
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a) Offset feature obtained using b) Offset feature obtained using
a two-dimensional contact feature a two-dimensional contact feature
which is a disk which is a rectangle
Key
1 dffset feature
2  gontact feature
3 real integral feature
Figure 26 — Example of offset feature
3.5.2|1

offset surface
e defined by the locus of a predetermined point of a contact feature when traversing in coptact with the
origirjal surface, in a predefined orientation

surfa

3.5.2|2

offset line
line defined by the locus of a predetermined point of a contact feature when traversing in cor
origirjal line, in a predefined orientation

3.5.3
congruent feature

rotat

NOTH A congruent feature can be obtained by an ordered sequence of translated congruent featurg

cong

3.5.3{1
rotated feature

rotat

See

Key
1
2
3

e¢d feature or translated feature

ruent features.

d surface, rotated lin@ or rotated point

fFigure 27.

tact with the

bs and rotated

axis of rotation
original feature
rotated feature

Figure 27 — lllustration of a rotated feature

© 1SO 2011 — All rights reserved
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3.5.3.1.1

rotated surface
surface resulting from rotation of a surface by a specified amount about a defined axis

3.5.3.1.2
rotated line

line resulting from rotation of a line by a specified amount about a defined axis

3.5.3.1.3

rotated point
point resulting from rotation of a point by a specified amount about a defined axis

3.5.3.2

translated fe¢ature

translated su

See Figure 28.

Key
1 direction

2 original feature

3  translateq

3.5.3.21
translated s
surface resul

3.5.3.2.2
translated li
line resulting

3.5.3.23

translated ppint
point resultinE from translation of a point by a specified amount in a defined direction

3.54

urface

ne

Df translation

feature

rface, translated line or translated point

AS]
(R 3
2
Figure 28 — lllustration of a translated feature

ting from translation of a,surface by a specified amount in a defined direction

from translation of a line by a specified amount in a defined direction

reflected feature
reflected surface, reflected line or reflected point

See Figure 29.

28
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Key

ISO 22432:2011(E)

N

1 reflection plane

2 original feature

3 reflected feature

3.54

reflected surface
surfage resulting from the reflection of a surface about a defined plane

3.5.4

reflegted line
line resulting from the reflection of a line about a defined plane

3.5.4
refle
point

3.6

assogiated feature

ideal

NOTH

NOTH
featur

NOTH

See |

Figure 29 — lllustration of a reflected feature

1

2

3
cted point
resulting from the reflection of a point about a definedplane

feature or set of ideal features obtained by a series of operations of which association is the
1 An associated feature may be a substitute feature or a candidate feature.

2 An associated feature can be finite or infinite, and by default it is infinite. When finite, it is called
e portion.

Figure 30.

3 For one geometrical feature, several candidate features can exist, but only one substitute featurg.

final one

an associated

h

© IS0

2011 — All rights reserved
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Nominal feature Specification feature Verification feature

Example of a
candidate feature
which is nominally
planar, and which
is established from
a non-ideal single
feature

Example of a
substitute feafure
which is nomipally
planar, and which
is established from
a non-ideal single
feature

Obtained from

L een

Nominal surface . Discrete surface | Sampled surface | Real surface|of a
Skin model -
model model model workpiece

Key
1 non-ideal| single\feature
2  candidat¢ feature
3 substitute feature

Figure 30 — Example of associated features
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3.6.1
candidate feature

any ideal feature, within a set, that satisfies geometrical constraints with respect to a non-ideal feature

NOTE 1 Some examples of geometrical constraints are: outside of the material, inside of the material, tangential.

NOTE 2 Nominal candidate features do not exist.

NOTE 3  The candidate feature is a specification or verification candidate feature, depending on the model from which it

is defined (see Figure 30).

NOTE 4 Candidate features are mainly used to model the function of fit between workpieces in an assem

bly.

NOTE 5 Candidate features represent a set of ideal features satisfying one or more constraints.' The
concgrn situation characteristics between the candidate feature and an integral feature. Supplementary c
other jdeal features may also be defined, to constrain, for instance, the orientation from other associated fea

NOTE 6  The association could be provided from different association criteria, e.g. tangent)outside of the

NOTHE 7 The candidate feature may also be an ideal feature of a type which\is different from th
corregponding nominal feature (e.g. associate a V-block to a sphere).

3.6.2
substitute feature
unigye ideal feature which is associated to a non-ideal feature

se constraints
bnstraints with
ures.

material.

e type of the

NOTE 1 The substitute feature can be a specification substitute.feature or a verification substitute feature. Nominal

substitute features do not exist (see Figure 30).

NOTH 2 The association criteria, e.g. least square, Chebyshev, maximum distance minimized, minimum
and mjaximum inscribed, used to establish the substitute\feature can provide a unique solution.

3.7
feature portion

bounded feature

ideal|feature or non-ideal feature contained within a sphere of finite radius

NOTH 1 The ideal feature can,be.a derived feature, an associated feature or a nominal feature. The no|
can bg a derived feature or an integral feature.

NOTE 2  The feature portion is qualified as a specification or a verification feature portion, depending on t
which|it is defined (see Figure 31).

NOTH 3  Featuresportions are defined to enable the specification of a particular part of an ideal feature
features), or of @ particular part of a non-ideal feature (e.g. datum target).

circumscribed

h-ideal feature

he model from

e.g. projected

© 1SO 2011 — All rights reserved
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Nominal feature

Specification feature

Verification feature

Example of a
portion feature,
which is nominally
a portion of a

e

derived featuream
axis)

Example of a
portion featurg
corresponding to a
portion of a
nominally plapar
surface

,
X

"
'
.
.
.
o
i

Nominal surface

Discrete surface

Sampled surface | Real surface of a

1 Obt model Skin model model model workpiece
ained from
Key
1  derived feature 3 portion feature

2 nominally planar surface

32

Figure 31 — Example of feature portion
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3.8

enabling feature

situation feature or section feature or contact feature

NOTE 1 This is an ideal feature used to enable other features to be built through an operation.

NOTE 2  An enabling feature is used in the operations of filtration, construction or partition.

NOTE 3  An enabling feature can be an axis of a cylinder, a section plane, axis of rotation, direction of translation or
reflection plane.

NOTE 4 The enabling feature is a nominal, specification or verification enabling feature. depending on the model from
which|it is defined (see Figure 32).

Nominal feature Specification feature Verification feafture

¢

Enahling feature
(sect|on feature)

Enahling feature
(situgtion feature)

Obtalned from

Nominal surface . Discrete surface | Sampled surface | Rea| surface of a
Skin model -
model model model workpiece

Key
1 situation feature

Figure 32 — Example of enabling features
3.8.1
section feature
section volume, section surface or section line

NOTE 1 A section feature can be used for partitioning.

NOTE 2 A section feature is an ideal feature which facilitates the definition of an integral feature or a feature portion.

© IS0 2011 — Al rights reserved 33
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3.8.1.1
section volume
volume defined by a set of one or more ideal features, used to define a feature portion

See Figure 33.

NOTE A section volume is a portion of space identified by limits. These limits are ideal surfaces created from ideal
features.

a) Cylindrigal section volume, perpendicular to the b) Section volume limited byca ruled surfage
axis of a cylinder

Key
1 integral feature
2 section vplume
3 surface pprtion (resulting)

Figure 33 — Example of section volumes

3.8.1.2
section surface
surface defined by a set of one or more ideal features, used.{6 define an integral line or line pair

See Figure 34.

NOTE A pection surface is created from ideal feature(s).

T
Cer

3

a) Section|surface of ruled type b) Section plane of a cylinder c) Section plane of a plane

Key

1 integral feature

2 section surface
3 line portion (resulting)

Figure 34 — Examples of section surfaces

3.8.1.3
section line
straight line used to define an integral point or a point pair

See Figure 35.

NOTE A section line is an ideal line created from ideal feature(s).
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1
I 2
3
a) Section line of straight line type, b) Section line of straight line type,
perpendicular to a plane perpendicular to a cylinder

Key
integral feature

gection line

3  iptegral point (resulting)

Figure 35 — Examples of section lines

3.8.2
contact feature

ideal|feature of finite extent simulating the possible contact interfaceswith a workpiece or one s
of it gnd for which the set of its attributes and contact constraints are predefined

4 Relations between the geometrical featureiterms

To characterize or describe a feature compared tolitself or to another feature, different apy
concegivable. These allow, for example, to consideran ideal geometry or non-ideal geometry, to
skin pr its skeleton, to consider a number of more or less tightly packed points on the workp
Thesg slight differences call for particular, terms generically defined in this International S
illustiated in Figures 36 and 37.

Tablgs 2 and 3 give the possible relation between terms related to geometrical features.

Tablg 4 shows the attributes of-a.geometrical feature, which are illustrated in Figure 36.

Lirface model

roaches are
consider the
ece surface.
tandard and

© 1SO 2011 — All rights reserved
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Key

= ©O© 00 NO O b WON -~

36

size of th
nominal
nominal i
non-ideal
non-ideal
integral €
extracted
directly a
directly a
directly a

e feature of size

hedian feature

htegral surface

model of surface representing thereal surface of the workpiece
median feature

xtracted surface (non-ideal)

median line

5sociated median feature

ssociated featurel(from the non-ideal integral feature)

ssociated feature (from the extracted integral feature)

Figure 36 — Relations between definitions of geometrical features
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Key
1
2
3 gize of the torus
4  gkeleton
5  deneratrix of the torus
6 4
I

Figure 37 — Relation between definitions of attributes of an ideal feature

Table 2 — Term relations between integral feature and derived feature

6

integral nominal surface: a torus
other dimensional parameter of the torus

ituation features of the torus (straight line and perpendicular plane, or straight line and particular poinf
ne: this point corresponds to the intersection of a plane and a line)

of the straight

Integral feature

Derived feature

Non-filtered Filtered Median Congruent Offset
Translated | Rotated | Reflectefl
Real workpiece | Real Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Nominal Applicable Non-
applicable
Surfalce model | Non-ideal Applicable Applicable Not relevant
Discrete Applicable Applicable
Sampled Applicable Applicable
Infinite Non- Non- Applicable | Applicable | Applicable | Applicable | Applicable
Extert of the applicable applicable
featufe Complete/total Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Restricted Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Représentation Extract Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
of thq feature | Non-extract Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Single Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Ec;r?g;ii:sn of Compound Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Pair Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Use of the Specification Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
feature Verification Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Surface Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
][\;Zttt';z of the Line Applicable Applicable | Applicable | Applicable | Applicable | Applicable | Applicable
Point Applicable Forbidden | Applicable | Applicable | Forbidden | Applicable | Forbidden
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Table 3 — Geometrical feature and other types of features

Non-ideal Ideal
Non- Filtered Nominal Associated Calculated
. filtered
Geometrical feature Substitute Candidate

Directly Indirectly
associated | associated

Nature of the |!ntegral Applicable | Applicable | Applicable [ Applicable apgllic::r;-ble Applicable appr:llic:;r;-ble
feature Derived Appticabte [Appiicabte [Appiicabte [ Applicable | Appticabte | Appiicabie Appiigable
Infinite Applicable | Applicable | Applicable | Applicable | Applicable Applicable apgll?c;-ble
Extent of the . . . Non- Non- . .
feature Complete/total | Applicable | Applicable | Applicable applicable applicable Applicable Appligable
Restricted Applicable | Applicable | Applicable | Applicable | Applicable Applicable Appligable

Table 4 — Feature attributes

Geometrcal definition of the feature relating to the Attribute of an ideal feature
feature form Dimensional-feature Non-dimensional feat{ire
Size Applicable Non-applicable
Dimensional parameters Yes Other? Applicable Applicable
No Applicable Applicable
Point Applicable Applicable
Line Applicable
Situation featpre
Plane Not relevant Applicable
Helix Applicable
Feature skeldton Applicable Applicable
Single Applicable Applicable
Composition pf the feature Compound Applicable Applicable
Pair Applicable Applicable
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Annex A
(normative)

Overview diagram

This annex shows the link between the real workpiece and its representation (surface models). Geometrical
features are built from surface models. Geometrical features cover different types of features and subtypes of
features. Relationships between the real surface of the workpiece and its surface models are illustrated in
Figures A.1 to A.6.

*

Modelling of

Surfac‘e‘ model ¢ \"O

|
‘Nominal surface model‘ —¢ __
4 s
|
|
]

| Specification| |
: operator :

i Lo ____ a
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Figure A.1 — Relationship between the surface models and a geometrical feature
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Geometrical feature
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Figure A.2 — Attributes of a geometrical feature and types of feature
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