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Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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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 of all chains of standards in the general
GPS matrix.

To facilitate the reading and the understanding of this International Standard, it is essential to refer to
ISO 17450-1 and ISO/TS 17450-2.

Geometrical characteristics exist in three “worlds”:

— the world of nominal geometrical definition, where an ideal representation of the future workpiece is
defined by the designer;

— the world of specification, where several representations of the future workpiece are imagined by the
designer;

— the world of verification, where one or several representations of a given workpiece are identified in the
application of measuring procedure(s).

A GPS specification defines requirements through a geometrical characteristic and condition.

In the world of verification, mathematical operations can be distinguished from physical operations. The
physical operations are the operations based on physical procedures; they are generally mechanical, optical
or electromagnetic. The mathematical operations are mathematical treatments of the sampling of the
workpiece. This treatment is generally achieved by computing or electronic treatment.

It is important to understand the relationship between these three worlds.

These specifications, characteristics and conditions, generically defined in this International Standard, are well

suited to define requirements of rigid parts and assemblies and can also be applied to non-rigid parts and
assemblies.

© 1SO 2011 — All rights reserved \"
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Geometrical product specifications (GPS) — Characteristics
and conditions — Definitions

1 Scope

This International Standard defines general terms for geometrical specifications, characteristics and conditions.
These definitions are based on concepts developed in ISO 17450-1 and ISO 22432 and they are given by
using a mathematical description based on Annex B of ISO 17450-1:2011.

This International Standard is not intended for industrial use as such among designers, but is aimed to serve
as the “road map” mapping out the requirements based on geometrical features, thus enabling future
standardization for industry and software makers in a consistent manner.

This International Standard defines general types of geometrical characteristics and conditions which can be
used in GPS. These descriptions are applicable to

— a workpiece,

— an assembly,

— a population of workpieces, and
— a population of assemblies.

These definitions are based on concepts of operators and the duality principle contained in ISO 17450-1 and
ISO/TS 17450-2 and on the description of types of geometrical features defined in ISO 22432.

Conceptually, these specification operators can be used as specification operators or as verification operators
(duality principle).

This International Standard is not intended to define GPS specifications, symbology or other types of
expression.

2 Normative references

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

ISO 3534-1:2006, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in
probability

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics

ISO 17450-1:2011, Geometrical product specifications (GPS) — General concepts — Part 1: Model for
geometrical specification and verification

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

© 1SO 2011 — All rights reserved 1
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ISO 22432"), Geometrical product specifications (GPS) — Features utilized in specification and verification

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, I1SO 3534-2 and
ISO 17450-1 and the following apply.

3.1
geometrical specification
expression of a set of one or more conditions on one or more geometrical characteristics

NOTE 1 A specification can express a combination of individual conditions on an individual characteristic or a
population condition on a population characteristic.

NOTE 2 A specification consists of one or more single specifications. These single specifications can be individual
specifications, population specifications or any combination.

3.2
condition
combination of a limit value and a binary relational mathematical operator

EXAMPLE 1 “be less than or equal to 6,3”, the expression of this condition can be, for instance: 6,3 max or U 6,3.
Mathematically: let X be the considered value of the characteristic, the condition is X < 6,3.

EXAMPLE 2 “be greater than or equal to 0,8”, the expression of this condition can be, for instance: 0,8 min or L 0,8.
Mathematically: let X be the considered value of the characteristic, the condition is 0,8 < X.

EXAMPLE 3 a set of two complementary conditions (lower and upper limits) can be expressed through, for instance:

10,2 -9,8, 9,8 +%4 ,10+£0,2,0r 9,9 fg? . Mathematically: let X be the considered value of the characteristic, the condition

is9,8 <X<10,2.

EXAMPLE 4 “be less than or equal to R, R being given by a function, R = (X2 + Y 2) x 0,85, X and Y being the ordinates
of the coordinate system.

NOTE 1 A binary relational mathematical operator is a mathematical concept which generalizes the notion as “greater
than or equal to” in arithmetic, or “is item of the set” in set theory.

NOTE 2  The limit value can be defined for any individual workpiece or for populations of workpieces.

NOTE 3  The limit value can be independent of a coordinate system or dependent upon it. In the latter case, the limit
value depends on the function of the ordinates of the coordinate system or graphical ordinate system.

NOTE 4  The limit value can be determined by a statistical tolerancing approach, by an arithmetical tolerancing (worst
case) approach or by other means. The manner of determining the limit value and the choice of condition is not the subject
of this International Standard.

NOTE 5  Two possible inequality relations exist:

— the characteristic value can be less than or equal to the limit value (upper limit);

— the characteristic value can be greater than or equal to the limit value (lower limit).

1) In preparation.

2 © 1S0O 2011 — All rights reserved
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3.21
individual condition
condition where the limit value applies to any value of an individual characteristic coming from any workpiece

EXAMPLE An individual condition used in an individual specification: the individual characteristic value shall be less
than or equal to 10,2. Mathematically: let X be the considered value of the individual characteristic, the condition is
X <10,2.

NOTE An individual condition can be used alone or in combination with a population condition on the corresponding
population characteristic.

3.2.2
population condition
condition where the limits apply to the value of the population characteristic

EXAMPLE A population condition used in a population specification: the value of a population characteristic shall be
less than or equal to 10,1. Mathematically: let X' be the considered value of the population characteristic (mean value of
the population of global individual characteristic values), the condition is X <10,1.

NOTE The population condition can be used for statistical process control (SPC).

3.3
geometrical characteristic
individual characteristic or population characteristic related to the geometry

NOTE 1 This International Standard applies to the field of geometry and therefore, throughout this standard, only
“geometrical characteristics” are used. The term “characteristic” is defined in ISO 9000:2005, 3.5.1.

NOTE 2 The geometrical characteristic permits the evaluation of a quantity which could be associated to, for instance,
an angular dimension, a linear dimension, an area, a volume, etc.

3.31

individual characteristic

individual geometrical characteristic

single geometrical property of one or more geometrical features belonging to a workpiece

EXAMPLE The two-point diameter is an individual characteristic and the result is mathematically varying along the
cylindrical feature: it is a local individual characteristic. The minimum circumscribed cylinder diameter is an individual
characteristic and the result is mathematically unique: it is a global individual characteristic.

NOTE 1 A local characteristic can be single or calculated.

NOTE 2  The evaluation of an individual characteristic does not necessarily give a unique result (it can be characterized
as a local individual characteristic or a global individual characteristic).

3.3.11
local individual characteristic
individual characteristic of which the result of evaluation is not unique

EXAMPLE 1 The two-point diameter is an individual characteristic and the result varies mathematically along the
cylindrical feature: it is a local individual characteristic.

EXAMPLE 2 See 5.3.

NOTE 1 A local individual characteristic is evaluated on portion feature(s) and can be a direct characteristic or a
calculated characteristic. The local diameter measured between two points is a direct local characteristic. The mean of
local diameters measured between two points for a given section is a calculated local characteristic.

NOTE 2  The result of an evaluation is related to an entire feature; a single two-point diameter is in itself unique.

© 1SO 2011 — All rights reserved 3
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3.31.2
global individual characteristic
individual characteristic of which the result of evaluation is unique

EXAMPLE 1 The minimum circumscribed cylinder diameter is a direct global individual characteristic (the result is
mathematically unique).

EXAMPLE 2 The maximum of two-point diameters along a given cylinder is a calculated global individual characteristic
(the result comes from a statistic and is mathematically unique).

NOTE The result of evaluation of a global individual characteristic can come from a unique evaluation or a statistic of
a set of results of evaluation of a local individual characteristic, characterized as direct and calculated, respectively.

3.3.2

population characteristic

statistic defined from the characteristic values, obtained on the population of workpieces or the population of
assemblies

NOTE 1 Population characteristics are used to consider a total population of workpieces.

EXAMPLE 1 The arithmetic mean or the standard deviation on the population of workpieces of a global individual
characteristic are population characteristics.

NOTE 2  Population characteristics are only statistically meaningful for GPS characteristics when the value is the result
of global individual characteristics.

EXAMPLE 2 The minimum circumscribed cylinder diameter has one unique value for a given cylindrical feature.
Therefore, a population characteristic based on this individual characteristic value will be statistically meaningful. The two-
point diameter for a given cylindrical feature will vary within a range, dependent upon the form deviations of the feature. In
this case, a population characteristic cannot be defined from the population of values. It could be possible, in this case, to
establish a population characteristic from the maximum value of the two-point diameter along the feature. In this case, the
individual characteristic is a global individual characteristic which is the maximum two-point diameter on a given workpiece.

NOTE 3  The population characteristic can be used, for example, for statistical process control (SPC).
34

statistic

completely specified function of random variables

EXAMPLE See Table 1. More information can be found in the ISO 3534 series.

NOTE 1 This definition, taken from 1SO 3534-1:2006, 1.8, is associated to notes which are not reproduced in this
International Standard.

NOTE 2 In GPS, the random variables which are used are, in most cases, one-dimensional (scalar). Multidimensional
(vector) variables also exist.

NOTE 3  For a population or a sample of individual characteristic values, at least one statistic can be applied. In GPS, a
statistic can be used on a population of local individual characteristic values taken on one workpiece, or on a population of
global individual characteristic values taken on a population of workpieces.

4 ©1S0O 2011 — All rights reserved
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Table 1 — Non-exhaustive list of statistics

Description of the statistic Mathematical description according to ISO 3534-12
the minimum minimum (X)
the maximum maximum (X)

the expected value (mean)

u=E[g(x)]= [ g(x)dp = [ g(x)dF ()

the difference between the average and the target value (TV) u—=1V

the standard deviation o=V (X)
the variance V(X)=E[X _E(X)]Z

a8 Where X is the characteristic value.

NOTE 4  For some statistical applications (like SPC), it can be necessary to define a “Target Value” (see ISO 7966 and
ISO 3534-2).

3.5

calculated characteristic

local or global individual characteristic obtained from a collection of a set of values of one local individual
characteristic by using a function and not changing the nature of the initial characteristic

EXAMPLE 1 The normal vector obtained from three local individual characteristic vector values is a calculated
characteristic, which is a local individual characteristic (see Figure 1).

EXAMPLE 2 The expected value (mean value) obtained from the population of values of local diameter of the cylinder
in a specific section is a local individual characteristic.

EXAMPLE 3 The expected value (mean value) obtained from the population of values of local diameter of the cylinder
(taking into account the entire cylinder) is a global individual characteristic.

Vi Rs

) -
|
|

R('T'
¢

Y
Key
Ry, Ry, Rz  local individual characteristic vector values in a coordinate system
G coordinates assigned to the normal vector of the surface
V. normal vector of the surface

Figure 1 — Calculated characteristic consisting of the angles of a normal vector of a surface
coming from three values of a local individual characteristic

© 1SO 2011 — All rights reserved 5
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3.51
direct characteristic
local or global characteristic derived from a single evaluation

3.5.2
transformed characteristic
local or global characteristic which changes the initial characteristic

3.6

combination characteristic

geometrical characteristic obtained from a collection of values related to a set of geometrical characteristics by
using a function

EXAMPLE The volume of a cylinder can be seen as a combination characteristic which is a function of two
geometrical characteristic values: the length and the diameter of the cylinder.

3.7

value of a geometrical characteristic

geometrical characteristic value

signed value with or without a unit resulting from an evaluation of a geometrical characteristic, quantified on a
workpiece or the population of workpieces

NOTE The characteristic value is, in most cases, a uni-dimensional value but can be multidimensional (vector value).

EXAMPLE Local two-point diameter, global minimum circumscribed diameter, vector describing the location and
orientation of a hole axis.

3.71

value of an individual characteristic

signed value with or without a unit resulting from an evaluation of an individual characteristic, quantified on
one workpiece

3.7.2

value of a population characteristic

signed value with or without a unit resulting from an evaluation of a population characteristic, quantified on the
population of workpieces

NOTE 1 By using sampling (instead of the whole population), a sampling uncertainty is introduced (see E.4 of
ISO/IEC Guide 98-3:2008).

NOTE 2  The evaluation of a population characteristic is a two-step process:
— evaluation of a set of results of an individual characteristic;

— statistical evaluation of the results of step 1.

NOTE 3 For any individual characteristic value, the value obtained from a simplified verification operator will, in general,
differ from the value obtained from a perfect verification operator. In general, there is no simple way to estimate the
variation of this difference and, in most practical cases, it is simply impossible. It is not unusual for this difference to be of
the same magnitude as the population variation. The variation in the difference may increase or decrease the evaluated
population variation. Because this difference enters into the statistical calculation and affects it in such a significant and
unpredictable way, a meaningful estimation of the uncertainty of the evaluation of the variation of a characteristic in a
population by a simplified verification operator is, in general, very difficult and in most cases impossible. Therefore, it is
only meaningful to use population characteristics in specifications that will be evaluated by verification operators without
method uncertainty.

EXAMPLE 1 It is impossible to define the relationship between the standard deviation of two-point diameters on a
population of workpieces and the standard deviation of the minimum circumscribed cylinder diameter of the same
population of workpieces without complete knowledge of the form deviations of the workpieces and the locations of the
two-point diameters.

EXAMPLE 2 Average length of a population of rods: 5,342 mm (where the length is defined as the distance between
two parallel planes between which each rod fits).

6 © 1SO 2011 — All rights reserved
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3.7.3

variation characteristic

set of local individual characteristic values recorded along a feature

NOTE 1 A characteristic variation may or may not be related to a coordinate system.

NOTE 2  To obtain a curve of the variation of characteristic values, it is necessary to define a coordinate system.

NOTE 3  To obtain the dispersion of the variation, it is not necessary to define a coordinate system.

EXAMPLE 1 The minimum circumscribed circle diameter along the cylinder is a local individual characteristic. By

considering a coordinate system link with the axis of the associated cylinder, it is possible to follow the variation of these
local individual characteristic values (see Figure 2).

Key
1 real feature
2 local characteristic values

@  Associated cylinder.
b Associated plane.
¢ Coordinate system.

Figure 2 — Example of curve of characteristic-values variation,
based on minimum circumscribed circle diameter

EXAMPLE 2 In the case of texture characteristics, it can be necessary to use several types of curve of characteristic-
values variation or a transformation of it (see Figure 3).

© 1SO 2011 — All rights reserved 7
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| X
a) Variation curve of situation characteristic between the non-ideal integral surface and a reference feature
Z;qu&v;
X
b) Curve of characteristic-values variation corresponding to the transformation of curve a) by an application of a
rotation with an objection function after application of a filter

/ Z'
100 %

TY

0%

c) Curve of ratios corresponding to the transformation of curve b) to define the ratio of material

Figure 3 — Examples of curves of characteristic-values variation

3.7.31
variation curve
characteristic variation represented in a coordinate system

NOTE 1 A variation curve can be obtained without transformation or by mathematical transformation. It can be qualified
as direct or transformed.

NOTE 2 A variation curve can be filtered.

3.8

basic characteristic

basic geometrical characteristic

intrinsic characteristic or situation characteristic

NOTE 1 A basic characteristic does not include the definition of intermediate features obtained by operations.
NOTE 2  See Annex B.

3.8.1
intrinsic characteristic
characteristic of an ideal feature

[ISO 17450-1:2011, 3.14]

NOTE 1 A plane, a straight line and a point have no intrinsic characteristic.

8 © 1SO 2011 — All rights reserved
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EXAMPLE The diameter is the intrinsic characteristic of a cylinder. A torus has two intrinsic characteristics: the
diameter of the generatrix and the diameter of the directrix. A cylinder and a torus are examples of features of size. The
size of the feature of size of type cylinder is its diameter. The size of the feature of size of type torus is the diameter of the
generatrix.

NOTE 2 See B.2.

3.8.2
situation characteristic
characteristic defining the relative location or orientation between two features

[ISO 17450-1:2011, 3.23]
NOTE 1 A situation characteristic is an orientation characteristic or a location characteristic.
NOTE 2 See B.3.

3.8.21
orientation characteristic
geometrical characteristic defining the related orientation between two ideal features

NOTE See B.3.2.

3.8.2.2
location characteristic
geometrical characteristic defining the related location between two features

NOTE A situation characteristic defines the related location between two ideal features (see B.3.2), between a
feature portion and an ideal feature (see B.3.3), between a non-ideal feature and an ideal feature (see B.3.4), and
between two non-ideal features (see B.3.5).

3.9

GPS characteristic

geometrical characteristic intended to be standardized corresponding to micro- or macro-geometry which may
be quantified

NOTE See Clause 5.

3.9.1

input feature

GPS characteristic input feature

set of one or more features coming from the surface model or real surfaces of the workpiece which may be
filtered, from which a GPS characteristic is defined

3.9.11

single characteristic

single individual characteristic

geometrical characteristic describing the micro- or macro-geometry of a feature taken from one workpiece

NOTE 1 The considered feature can be identified by a collection of several features, such as a feature constituted by
two straight lines or a feature constituted by four parallel cylinders.

NOTE2 Seeb.2.1.

3.9.1.2

relationship individual characteristic

individual geometrical characteristic describing the geometrical situation (orientation, position) between
several geometrical features

NOTE See 5.2.2.

© 1SO 2011 — All rights reserved 9
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3.91.3

deviated feature

geometrical feature or variation curve considered in an intrinsic characteristic or which has the larger deviation
among the two features considered in a situation characteristic

NOTE See 5.4.

3914

reference feature

geometrical feature or variation curve which has the smaller deviation among the two features considered in a
situation characteristic

NOTE See 5.4.

3.9.15

facing feature

ideal feature simulating the feature which a given feature on a workpiece is interfacing with by considering the
assembly or some virtual geometry

NOTE 1 A facing feature cannot be defined alone.

NOTE 2  The facing feature can have the same nominal geometry of the nominal integral feature (depending on the
function). See Table 2.

NOTE 3 A facing feature can simulate the orientation or location of a workpiece, simulate a fitting, etc.

NOTE 4 It is sometimes necessary to consider the interface between the integral feature and its facing feature to
precisely define the intrinsic characteristic or the relationship characteristic.

10 ©1S0 2011 — All rights reserved
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Table 2 — Examples of interfaces between an internal cylinder and different facing features

Assembly Facing feature with the internal Interface
cylinder as considered
workpiece
|\ J
|\ | . ,
Cylinder Cylinder

Cylinder/Cylinder

Ee=

Cylinder/Sphere Sphere

T T __.__ Circle
Cylinder/Torus _@_
Torus
——-ﬁé—ot —— -
Cylinder/Set of two spheres Two points

Set of two spheres

3.9.2
independent characteristic
geometrical characteristic which has no influence on, nor is influenced by, any other geometrical characteristic

NOTE See 5.5.

3.9.21

independent form characteristic

GPS characteristic defining the deviation of form of a non-ideal feature (which may be a derived or integral
feature) as a situation characteristic

NOTE 1 The reference feature is a substitute feature obtained from the deviated feature by an association.

NOTE2 Seeb.5.2.

© 1S0 2011 — All rights reserved 11
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3.9.2.2

independent size characteristic

GPS characteristic defining the size of a non-ideal feature (which may be a derived or integral feature) as an
intrinsic characteristic

NOTE 1 The deviated feature is the reference feature of the independent form characteristic.
NOTE2 Seeb5.5.3.

3.9.23

independent orientation characteristic

GPS characteristic defining the deviation of orientation between non-ideal features (which may be a derived or
integral feature) as a situation characteristic

NOTE 1 The deviated features are the reference features of the independent form characteristics of each of the
features.

NOTE 2 The reference features are ideal features obtained from the deviated features by an association with
constraints of orientation.

NOTE3  See 5.54.

3.9.24

independent location characteristic

GPS characteristic defining the deviation of location between non-ideal features (which may be a derived or
integral feature) as a situation characteristic

NOTE 1 The deviated features are the reference features of the independent orientation characteristic.

NOTE 2 The reference features are ideal features obtained from the deviated features by an association with
constraints of orientation and location.

NOTE3  See5.5.5.

3.9.25
complementary characteristic
set of independent characteristics related to form, size, orientation and location

NOTE See 5.5.

3.9.3

zone characteristic

GPS characteristic defining the deviation of non-ideal feature(s) [which may be a derived or integral feature(s)]
as a situation characteristic of type maximum distance

NOTE See 5.6.

3.9.31

zone form characteristic

zone characteristic defining the deviation of form of a non-ideal feature (which may be a derived or integral
feature)

NOTE 1 The deviated feature is the non-ideal feature itself or a feature obtained from it by filtration.

NOTE 2 The reference feature is a substitute feature obtained from the deviated feature by an association, with or
without feature-size constraint.

NOTE3  See 5.6.2.

12 © 1SO 2011 — Al rights reserved
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3.9.3.2

zone orientation characteristic

zone characteristic defining the deviation of orientation of non-ideal features (which may be a derived or
integral feature)

NOTE 1  The deviated features are the non-ideal features themselves or features obtained from them by filtration
(smoothed features) or by association (substitute features).

NOTE 2 The reference features are features obtained from the deviated features by an association (substitute
features) with constraints of orientation, with or without feature-size constraint.

NOTE3 See5.6.3.

3.93.3

zone location characteristic

zone characteristic defining the deviation of location of non-ideal features (which may be a derived or integral
feature)

NOTE1  The deviated features are the non-ideal features themselves or features obtained from them by filtration
(smoothed features) or by association (substitute features).

NOTE 2 The reference features are features obtained from the deviated features by an association (substitute
features) with constraints of orientation and location, with or without feature-size constraint.

NOTE3  See5.6.4.

3.94

gauge characteristic

GPS characteristic defining the deviation of integral or smoothed feature(s) as a basic characteristic, taking
into account at least one candidate feature associated to the input features

NOTE See 5.7.

3.9.41

gauge size characteristic

GPS characteristic defining the size of a deviated feature, utilizing the relevant facing feature given the
simulated interface of the non-ideal integral feature or smoothed feature

NOTE 1 In the majority of cases, the types of the facing feature and the integral feature are the same. Where this is the
case, there is, nominally, no difference between the interface and the integral feature.

NOTE 2  For example, the gauge size characteristic integrates the notion of diameter of associated cylinders and local
diameter.

NOTE 3 See 5.7.2.

3.94.2

gauge variation characteristic

GPS characteristic defining the deviation of integral or smoothed feature(s) as a situation characteristic
between a reference feature and candidate feature(s) associated to the integral feature(s) with an objective of
minimum or maximum of the situation characteristic

NOTE 1 The reference feature is relevant to the concept of datum.
NOTE2  See5.7.3.

3.943

gauge gap characteristic

GPS characteristic defining the deviation of integral or smoothed feature(s) as a situation characteristic
between two orientations and/or locations of a candidate feature such that the situation characteristic is a
maximum.

NOTE See 5.7.4.

© 1S0 2011 — All rights reserved 13
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3.9.4.4
floating contact
contact which permits tangential, normal and rotative related movements during regular functioning

NOTE See 5.8.2.

3.94.5

slipping contact

contact constrained by a mechanical action which permits only tangential related movement during regular
functioning

NOTE See 5.8.2.

3.9.4.6
rolling contact
contact which permits only rotative related movements during regular functioning

NOTE See 5.8.2.

3.9.4.7
rolling/slipping contact
contact which permits tangential and rotative related movements during regular functioning

NOTE See 5.8.2.

3.9.4.38

fixed contact

contact constrained by a mechanical action and/or an induced friction which does not permit related
movement during regular functioning

NOTE See 5.8.2.

3.9.4.9
configuration
particular positioning of the parts of an assembly without interference between the parts

NOTE See 5.8.3.

3.9.4.10

subset of configuration

configuration such that the features in fixed contact are in a given position

NOTE See 5.8.3.

3.9.5

texture characteristic

calculated characteristic on a curve of characteristic-values variation, which has been defined primarily on a
portion of a non-ideal integral feature

NOTE 1 The curve of characteristic-values variation can represent the variation of the situation characteristic between
a deviated feature and a reference feature or a transformation.

NOTE 2 The curve of characteristic-values variation can be multidimensional.
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4 General presentation

4.1 General principles of the specifications
A GPS specification corresponds
a) toarequirement:
— on all the workpieces taken individually: individual specification,
— on the population of workpieces, taken collectively: population specification, or
b) to a compound requirement combining the two previous types of requirements.
In the case of a single specification, the condition shall be applied to any characteristic value.
This characteristic is a characteristic on one feature (for example, the form characteristic of a nominally planar
surface) or between several features (for example, the orientation characteristic between two surfaces)

(see 1SO 22432).

NOTE This characteristic can be a global characteristic (for example, the diameter of a least-squares cylinder
associated to a nominally cylindrical surface) or a function of a local characteristic (function of the two-point diameter of a
nominally cylindrical surface).

In the case of population specification, the condition shall be applied on the population of characteristic values.
This population of characteristic values is obtained from a statistic (particular function) on the characteristic

values observed on the population of workpieces. The individual characteristic observed on the workpiece
shall be a global characteristic.

4.2 General principle of the characteristics

A geometrical characteristic corresponds to quantification or qualification of one or more constraints

— on one ideal or non-ideal feature (individual characteristic), or

— between one ideal or non-ideal feature and another ideal or non-ideal feature (relationship characteristic).
This constraint can be a size, surface texture, form, orientation or location constraint.

Since the characteristic is related to the real workpiece, all types of deviations from the nominal feature can
exist.

The geometrical characteristic can be seen as the observation of one or more parameters of a feature:
— surface texture, form, size related to the same nominal feature itself [single (individual) characteristic];

— orientation, location of an ideal or non-ideal feature from one or more other ideal features (relationship
characteristic).

The geometrical characteristic can permit the freedom parameters of a feature to be observed independently:
— surface texture/form freedom (1 parameter of shape freedom);
— size freedom (1 parameter of size freedom);

— angular freedom (3 degrees of rotation freedom);
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— translation freedom (3 degrees of translation freedom).

These basic freedom parameters should be combined: i.e. a geometrical characteristic may consider
independently the basic freedom parameters.

— Each nominal geometrical feature has a number of invariance degrees (NID) which cannot be constrained.
The number of degrees of freedom, which can be constrained, is at a maximum equal to 6 minus the
number of degrees of invariance of this nominal feature.

— Taking into account the real workpiece, or a surface model, on a real geometrical feature (non-nominal), 2
additional parameters appear (form and dimensional deviation).

As a result, a geometrical characteristic should be controlled by up to 8 minus the number of invariance
degrees constraints.

The characteristics used in the field of the Geometrical Product Specification should be independent
characteristics, zone characteristics and gauge characteristics, which are all subtypes of GPS characteristics
(see Clause 6).

The GPS characteristics are all described from basic characteristics (see Clause 5).

5 lllustration of GPS characteristics

5.1 General

The GPS characteristics enable the definition of the deviations and the dimensions with regard to the ideal
features. The deviations are called

— texture,

— form,

— orientation, and

— location.

The texture and the form deviations are established from one non-ideal feature.
The size is an intrinsic characteristic established from one non-ideal feature.

The orientation and the location deviations are situation characteristics established from two non-ideal
features.

NOTE A GPS characteristic on one or more input features generally requires the definition of other feature(s)
obtained by operations and is expressed by a basic characteristic or by a function of basic characteristics on the feature(s).

EXAMPLE A form characteristic on a nominally planar surface is a GPS characteristic. To define this GPS
characteristic, the specified surface could be filtered, and a plane associated according to a given criterion. Thus, the form
characteristic is expressed as a basic characteristic, which is a situation characteristic between a non-ideal feature and an
ideal feature: the maximum distance between the smoothed feature and the plane (see Figure 4).
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1 A, Mmcﬁ/
NN
Key
1 non-ideal feature
2 filtration

3 association
4  basic characteristic

Figure 4 — Example of definition of a GPS characteristic
5.2 Single and relationship characteristics

5.2.1 Single characteristic

A single (individual) characteristic describes the micro- or macro-geometry of one non-ideal feature. This
corresponds to a nominal feature which can be

— asingle feature such as a plane or a cylinder,
— adiscontinuous feature such as a surface constituted of three portions of a cylinder (see Figure 5), or

— afeature obtained by a collection of several features such as planes (see Figure 6).

%4

Figure 5 — Discontinuous feature constituted of three portions of a cylinder

[

Figure 6 — Feature obtained by a collection of two planes

The basic characteristic integrates a texture, form and size characteristic.
EXAMPLE 1 lllustration of a local characteristic taken into account to define a texture characteristic of a nominally

straight line (see Figure 7). The texture characteristic is calculated from the variation curve (local characteristic values) or
a transformation of it.
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EXAMPLE 2 Form characteristic of a nominally planar surface (see Figure 8).
EXAMPLE 3 Diameter of a nominally cylindrical surface (see Figure 9).

EXAMPLE 4 Angle of a surface obtained by the collection of two nominally planar surfaces (see Figure 10).

Figure 7 — Example of local deviation taken into account to define a texture characteristic of a
nominally straight line

)

Figure 8 — Form characteristic of a nominally planar surface

&

Figure 9 — Diameter of a nominally cylindrical surface

=)

Figure 10 — Angle of a surface obtained by the collection of two nominally planar surfaces
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5.2.2 Relationship characteristic

A relationship characteristic describes the micro- or macro-geometry of several non-ideal features. These
features correspond to nominal features which can be

— a single feature such as a plane or a cylinder,

— adiscontinuous feature such as a surface constituted of three portions of a cylinder, or

— afeature obtained by a collection of several features such as planes.

In a relationship characteristic, more than one feature shall be considered.

EXAMPLE 1 Perpendicularity of a nominally straight line with respect to another nominally straight line (see Figure 11).
EXAMPLE 2 Location of two nominally parallel straight lines (see Figure 12).

EXAMPLE 3 Orientation variation of a nominally cylindrical surface (see Figure 13).

Figure 11 — Perpendicularity of a nominally straight line with
respect to another nominally straight line

Key
L considered distance

Figure 12 — Location of two nominally parallel straight lines

Key
1 parallel

Figure 13 — Orientation variation of a nominally cylindrical surface
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5.3 Local and global characteristics
Examples 1 and 2 give examples of local characteristics.
EXAMPLE 1 The distance between a point pair of a nominally circular line (see Figure 14).

EXAMPLE 2 The angle between two lines on two nominally planar surfaces (see Figure 15).

Figure 14 — Distance between a point pair of a nominally circular line

Figure 15 — Angle between two lines on two nominally planar surfaces

Examples 3 and 4 are examples of global characteristics.
EXAMPLE 3 The average of the distances between the point pairs of a nominally circular line.

EXAMPLE 4 The maximum of the angles between line pairs on nominally planar surfaces.

5.4 Deviated and reference feature

The basic characteristic used to express a GPS characteristic controls features defined by operations. If the
basic characteristic is an intrinsic characteristic, it controls a deviated feature. If the basic characteristic is a
situation characteristic, the two features of the characteristic can generally be distinguished; in that case, one
is called deviated feature and the other one is called reference feature. The reference feature is the feature
which has smaller deviations with respect to the nominal model. A reference feature is obtained from a
deviated feature by one or more feature operations.

EXAMPLE To define a form characteristic, the surface can be filtered, and a plane associated according to a given
criterion. Thus, the form characteristic is expressed as a basic characteristic, which is the maximum distance between the
smoothed feature and the plane (situation characteristic between a non-ideal feature and an ideal feature). The smoothed
feature has larger deviations than the plane, so the smoothed feature is the deviated feature and the plane is the
reference feature (see Figure 16).
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Key

non-ideal feature
filtration

deviated feature
association
reference feature

O b WOWN -

basic characteristic

Figure 16 — Deviated and reference features
5.5 Independent characteristics

5.5.1 General

Two GPS characteristics are independent if the variation of one of them has no influence on the other one.
A group of geometrical characteristics generates complementary characteristics if they enable the limitation of
all the deviations of features.

A group of complementary and independent characteristics is formed by geometrical characteristics such as:

— the deviated feature of a characteristic is the reference feature of another characteristic;

— the reference feature of a characteristic (if there is one) is obtained from the deviated feature of the
characteristic by an operation.

EXAMPLE The independent GPS characteristics of two nominally straight lines and of a nominally circular line
(see Figures 17, 18 and 19).

e
N

AN

Key
1 nominal features

Figure 17 — Nominal features
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Key
1 deviated features
2 reference features
3 size characteristic
4  form characteristics

Figure 18 — Individual independent characteristics

Key

1 deviated features

2 reference features

3 orientation characteristic

4 localization characteristic

5 reference features of the form characteristics

Figure 19 — Independent characteristics of relationship
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The complementary of the characteristics is ensured by the fact that the deviated feature of one characteristic
is identical to the reference feature of the characteristic of previous rank.

The independence of the characteristics is ensured by the fact that the reference feature of a characteristic is
obtained from the deviated feature of this characteristic.

5.5.2 Independent form characteristic

Figure 20 illustrates the independent form characteristic.

/
\
o\

Key

input feature
optional filtration
deviated feature
association
reference feature
evaluation

form characteristic

N o b WON -

Figure 20 — Independent form characteristic

The form characteristic is a geometrical characteristic defining the form deviation, but it can also include
texture deviation.

The value of an independent form characteristic does not change if the non-ideal feature is transformed by a
displacement. An independent form characteristic is a situation characteristic between non-ideal and ideal
features: the reference feature and the deviated feature (see Figure 21).

Key

1 deviated feature filtered or not (non-ideal feature)
2 associated feature (ideal feature)

3 form characteristic

Figure 21 — Independent form characteristics of a nominally straight line
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Different criteria of association could be chosen. The objective function can be, for example, the minmax, the
least square, the minimum circumscribed, the maximum inscribed and the intrinsic characteristic can be
constrained. Consequently, the form characteristic could take different values (see Figures 22 and 23).

Figure 22 — Independent form characteristic of a nominally straight line
with different criteria of association of the corrected line

Figure 23 — Independent form characteristic of a cone
with and without constraint on the apex angle

5.5.3 Independent size characteristic

Figure 24 shows an independent size characteristic.

A . "
2y — A
\_|_“ 3
2 association

3 size characteristic

Key
1 filtration

Figure 24 — Independent size characteristic

Form and size characteristics are independent and complementary if the reference feature of the form
characteristic and the deviated feature of the size characteristic are identical (see Figure 25).
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Key
1 form characteristic
2 size characteristic

Figure 25 — Independent and complementary form and size
characteristics of a nominally circular line

The value of a size characteristic does not change if the non-ideal feature is transformed by a displacement.

The deviated feature is ideal, i.e. it has no form deviation (see Figure 26).

A\

Figure 26 — Angular and linear size characteristics

The criteria of the association have an influence on the value of an independent size characteristic
(see Figure 27).

o O O

a) Maximum inscribed b) Least-squares c) Minimum circumscribed

Figure 27 — Independent size characteristic of a nominally
circular line with different criteria of association
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5.5.4 Independent orientation characteristic

Figure 28 shows an independent orientation characteristic.

TN\ e

2 =
4 ya \
o)
Key
1 input features
2 filtration and association
3 deviated features
4  association
5 reference features

Figure 28 — Independent orientation characteristic

Form and orientation characteristics are independent and complementary if the reference features of the form
characteristics and the deviated features of the independent orientation characteristic are identical for every
feature (see Figure 29).

Key
1 form characteristics
2 orientation characteristics

Figure 29 — Independent and complementary form and orientation
characteristics of two nominally straight lines
An independent orientation characteristic is a relationship characteristic.

The value of an independent orientation characteristic does not change if the features are transformed by
different translations.

The deviated and the reference features are ideal, i.e. they have no form deviation and the reference features
have no orientation deviation.

The criteria of association of the deviated and reference features have an influence on the value of an
independent orientation characteristic.
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An independent orientation characteristic may have a datum. In that case, a reference feature is identical to
the corresponding deviated feature and consequently to the reference feature of the independent form
characteristic (see Figure 30). The datum feature could be

— asingle feature such as a plane or a cylinder,

— adiscontinuous feature, such as a surface constituted of three portions of a cylinder, or

— afeature obtained by a collection of several features such as planes.

6
Key
1 input features 5 association
2 filtration and association 6  reference features
3 deviated features 7  orientation characteristic
4  datum features

Figure 30 — Independent orientation characteristic with datum of two nominally straight lines
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5.5.5 Independent location characteristic

Figure 31 shows an independent location characteristic.

é \ 7
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location characteristic
considered distance

association
reference features

1 input features

2 filtration and association
3 parallel

4  deviated features

&~ N O O

Figure 31 — Independent location characteristic

An orientation and a location characteristic are independent and complementary if the reference features of
the independent orientation characteristic and the deviated feature of the independent location characteristic
are identical for every feature (see Figure 32).

Key

1 orientation characteristic
2 parallel

3 location characteristic

L considered distance

Figure 32 — Independent and complementary orientation and location characteristics
of two nominally straight lines
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The independent location could be applied on a different type of feature, for example a plane and a cylinder
(see Figure 33).

L

I—
+;

Key
1 location characteristic
2 parallel

L considered distance

Figure 33 — Independent location characteristic of a plane and a cylinder

An independent location characteristic is a relationship characteristic.

The deviated and the reference features are ideal, i.e. they have no form deviation and no orientation
deviation and the reference features have no location deviation between each other.

The criteria of association of the deviated and reference features have an influence on the value of an
independent location characteristic.

An independent location characteristic may have a datum, in which case a reference feature is identical to the
corresponding deviated feature and consequently to the reference feature of the independent orientation
characteristic (see Figure 34). The datum feature could be

— a single feature such as a plane or a cylinder,

— adiscontinuous feature such as a surface constituted of three portions of a cylinder, or

— afeature obtained by a collection of several features such as planes.
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filtration and association
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deviated features
association

reference features
location characteristic
datum

considered distance
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Figure 34 — Independent location characteristic with datum
of two nominally straight lines

5.6 Zone characteristic

5.6.1 General
To define zone specifications, a type of characteristic associated to the zones shall be defined.

A weight could be applied to the distances according to the location of the points on the feature. These
weights enable the consideration of zones with variable tolerances.

An offset could be applied to the feature or to the distances. This offset permits the consideration of
non-symmetrical zones.

5.6.2 Zone form

Figure 35 shows a zone form characteristic.
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1 input features
2 filtration
3 deviated features
4  association
5 reference features
6 zone form characteristic

Figure 35 — Zone form characteristic

The zone form characteristic is a geometrical characteristic including form and texture deviation. The amount
of texture in the zone form characteristic depends on the value of the nesting index of the filtration and on the
type of filtration (see Figure 36).

Wl MM N ,/t -~ | —

Key
1 zone form characteristic

Figure 36 — Zone form characteristic showing the results of using
different nesting index or filtration methods
A zone form characteristic is a single (individual) characteristic.

The value of a zone form characteristic does not change if the non-ideal feature is transformed by a
displacement.

A zone form characteristic is a situation characteristic between non-ideal and ideal features.
The reference feature is ideal, i.e. it has no form deviation.
Different criteria of association could be chosen. The objective function can be, for example, the minmax, the

least square, the minimum circumscribed, the maximum inscribed and the intrinsic characteristic can be
constrained. Consequently, the zone form characteristic could take different values.
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5.6.3 Zone orientation

Figure 37 shows a zone orientation characteristic.
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input features

filtration

deviated features
association

reference features
orientation characteristic
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Figure 37 — Zone orientation characteristic

The zone orientation characteristic is a geometrical characteristic including independent orientation and
partially independent form and texture. The amount of form and texture in the zone orientation characteristic
depends on the types of the deviated features (see Figure 38).

Figure 38 — Zone orientation characteristic of two nominally straight lines
with different deviated features
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Datum features may be used; these features are not affected by the basic characteristic (see Figure 39).

a) Without datum feature b) With datum feature
Figure 39 — Zone orientation characteristic of two nominally straight lines

A zone orientation characteristic is a relationship characteristic.

The value of a zone orientation characteristic does not change if the non-ideal features are transformed by
translations.

The reference features have no form and no orientation deviations.
Different criteria of association could be chosen. The objective function can be, for example, the minmax, the

least square, the minimum circumscribed, the maximum inscribed and the intrinsic characteristic can be
constrained. Consequently, the zone orientation characteristic could take different values.

5.6.4 Zone location

Figure 40 illustrates a zone location characteristic.
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Key
1 input features 5 reference features
2 filtration 6 location characteristic
3 deviated features L considered distance

4  association

Figure 40 — Zone location characteristic
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The zone location characteristic is a geometrical characteristic including independent location and partially
independent orientation, form and texture. The amount of orientation, form and texture in the zone location
characteristic depends on the type of the deviated features (see Figure 41).

\r\/\[\/\ri‘ \‘ = -

Key
L considered distance

Figure 41 — Zone location characteristic of two nominally straight lines
with different deviated features

Datum features can be used; these features are not affected by the basic characteristic (see Figure 42).

Key
L considered distance

Figure 42 — Zone location characteristic of two nominally straight lines with and without datum

A zone location characteristic is a relationship characteristic.
The reference features have no form, no orientation and no location deviations.
Different criteria of association could be chosen. The objective function can be, for example, the minmax, the

least square, the minimum circumscribed, the maximum inscribed and the intrinsic characteristic can be
constrained. Consequently, the zone location characteristic could take different values.

5.7 Gauge characteristic

5.7.1 General

To better express some functions of a part, the deviation of candidate features is useful. The gauge
characteristics are defined in 5.7.2 to 5.7 .4.

5.7.2 Gauge size characteristic

Particularly for assembly, it is necessary to understand the maximum and minimum sizes of an ideal feature
which can be assembled to a particular workpiece.

A gauge size characteristic can be applied to a single feature (see Figure 43).
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Key
1 filtration
2 deviated feature
3 association
4  reference feature
5 gauge size characteristic

Figure 43 — Gauge size characteristic

The gauge size characteristic is a geometrical characteristic including independent size and partially
independent form and texture when applied to a feature (see Figure 44). The amount of form and texture in
the gauge size characteristic depends on the types of the deviated features. When applied to several features,
it can also include independent location and orientation (see Figures 45 and 46).

Key

1 Afiltration 4  reference features

2 deviated features 5 parallel

3 association 6  gauge size characteristic

Figure 45 — Gauge size characteristic with constraints of orientation
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Figure 46 — Gauge size characteristic with constraint of location

Datum features can be used; these features are not affected by the basic characteristic (see Figures 47

and 48).
T~ =
. 1 - 1
= =
2 3
Key
1 parallel

2 with datum feature
3 without datum feature

Figure 47 — Gauge size characteristic with constraint of orientation

a) With datum feature b) Without datum feature
Key
L considered distance

Figure 48 — Gauge size characteristic with constraint of location
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5.7.3 Gauge variation characteristic

Gauge variation characteristics enable the definition of the possible variation of orientation and/or location of
an ideal feature with respect to the nominal orientation or location (see Figure 49).

The gauge variation characteristic is a geometrical characteristic including independent location and/or
orientation, independent size and partially independent form and texture. The amount of form and texture in
the zone form characteristic depends on the type of the deviated features (see Figures 50 and 51).
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2 deviated features
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4  datum features

5 parallel

6 gauge variation characteristic

Figure 49 — Gauge variation characteristic with constraint of orientation
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Figure 50 — Gauge variation characteristic with constraint of location
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Figure 51 — Gauge variation characteristic with constraint of location at a particular point

5.7.4 Gauge gap characteristic

Gauge gap characteristics enable the definition of possible movements of orientation and/or location of an
ideal feature.

A gauge gap characteristic can be applied to a single feature (see Figure 52).
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1 filtration

2 deviated features

3 association

4 gauge gap characteristic

Figure 52 — Gauge gap characteristic

38 © IS0 2011 — Al rights reserved



BS EN ISO 25378:2011
ISO 25378:2011(E)

The situation characteristic could be an angle or a distance (see Figure 53).

Figure 53 — Gauge gap characteristics with distance and with angle

For a distance, the two positions of the candidate feature can be constrained in orientation (see Figure 54).
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|

Figure 54 — Gauge gap characteristics with and without constraint of orientation

The gauge gap characteristic is a geometrical characteristic including independent size and partially
independent form and texture when applied to a feature. The amount of form and texture in the zone form
characteristic depends on the types of the deviated features. When applied to several features, it can also
include independent location and orientation (see Figure 55).

=

Figure 55 — Gauge gap characteristic with constraint of location
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Datum features can be used; these features are not affected by the basic characteristic.
5.8 Assembly or sub-assembly characteristic

5.8.1 General

All the characteristics can be applied not only to isolated parts but also to assembly or sub-assembly. The
geometrical representation of the assembly could be complete or partial. Many or all of the parts of the
assembly could be replaced by a kinematics representation.

An assembly characteristic shall take account of the possible movements in the links between the parts. The
movements depend on the degrees of freedom of the pairs, and the mechanical actions in the links. Two
types of movements could be considered: tangential and normal to the feature movements.

©1S0 2011 — Al rights reserved 39



BS EN ISO 25378:2011
ISO 25378:2011(E)

5.8.2 Contact

According to the possible movements, five types of contact can be identified (see Figure 56).

Type of contact

Illustration

Possible remaining degree of
freedom between two parts

Floating contact

z

Rolling contact

Slipping contact

Rolling/slipping contact

T
%
Z//
52

Fixed contact

@O ¢ T«

None

Key

— translation along an axis

/j rotation around an axis

Figure 56 — Floating, rolling, slipping, rolling/slipping and fixed contacts

The motion between two parts can be composed of tangential translations, a normal translation and rotations.

The possible motions between the two parts describe the contact. They are linked to the degree of freedom of
the relationship between the parts.

It is recommended that the characteristics of the mechanical actions be defined.

40
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EXAMPLE An axis guide in a box with a cover. The cover has a plane pair and a bore-cylinder pair with the box. The
plane pair is a fixed contact because the cover is secured by fasteners to the box. The contacts of the axis with the box
and the cover are floating contacts (see Figure 57).
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Key

1 floating contact
2 fasteners

3 fixed contact

Figure 57 — Floating and fixed contacts of an assembly

5.8.3 Configuration

Figure 58 shows different kinds of configurations.
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Figure 58 — Configurations

Figure 59 shows configurations of a fixed positioning.
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Figure 59 — Configurations of a fixed positioning
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5.8.4 Independent characteristic

An independent characteristic applied on an assembly is equal either to the maximum or the minimum of the
characteristic, considering all the configurations.

EXAMPLE An independent orientation characteristic of a nominally cylindrical surface and of a nominally planar
surface. The nominally planar surface is considered as a datum. The independent orientation characteristic is determined
for every configuration (see Figure 60). The characteristic on the assembly is, for instance, the maximum of the
characteristics of all the configurations.

i

Figure 60 — Independent orientation characteristic for two configurations

5.8.5 Zone characteristic

A zone characteristic applied on an assembly is equal to the maximum of the characteristic considering all the
configurations.

EXAMPLE A zone form characteristic of a nominally cylindrical surface. The zone form characteristic is determined
for every configuration (see Figure 61). The characteristic on the assembly is the maximum of the characteristics of all the
configurations.

Figure 61 — Zone form characteristic for two configurations

5.8.6 Gauge characteristic

5.8.6.1  Gauge size characteristic

A gauge size characteristic applied on an assembly is equal either

— to the maximum of the characteristic considering all the configurations, or
— to the minimum of the characteristic considering all the configurations.

EXAMPLE A gauge size characteristic of two nominally cylindrical surfaces. One of the nominally cylindrical surfaces
is considered as a datum. The gauge size characteristic is determined for every configuration (see Figure 62). The
characteristic on the assembly is, for instance, the maximum of the characteristics of all the configurations.
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Figure 62 — Gauge size characteristic for two configurations

5.8.6.2 Gauge variation characteristic

A gauge variation characteristic applied on an assembly is equal to the maximum of the characteristic
considering all the configurations.

EXAMPLE A gauge variation characteristic of two nominally cylindrical surfaces. One of the nominally cylindrical
surfaces is considered as a datum. The gauge variation characteristic is determined for every configuration
(see Figure 63). The characteristic on the assembly is the maximum of the characteristics of all the configurations.

Figure 63 — Gauge variation characteristic for two configurations

5.8.6.3  Gauge gap characteristic

A gauge gap characteristic applied on a fixed positioning of an assembly is equal to the maximum of the basic
characteristic between two configurations of the fixed positioning. A fixed part is considered as a datum part.
The gauge gap characteristic applied on an assembly is either the maximum or the minimum of the
characteristics applied to all the fixed positioning.

EXAMPLE A gauge gap characteristic of a nominally cylindrical surface and a nominally planar surface. The
nominally planar surface is considered as a datum. The gauge gap characteristic is determined for every fixed position
(see Figure 64). The characteristic on the assembly is, for instance, the maximum of the characteristics of all the fixed
positions.

Key
1 fixed part
Figure 64 — Gauge gap characteristic for two fixed positions
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6 Relations between terms related to characteristic

The relations between the different definitions given for characteristics are illustrated in Tables 3, 4 and 5.

Table 3 — Links between definitions

Point of view in
relation with

Qualifier of the characteristic

In relation with

Comments

Determination

Individual (3.3.1)

Population (3.3.2)

Population level

Global (3.3.1.2)

Local (3.3.1.1)

Perception level

Single (elementary) (3.9.1.1)

Combined (3.6)

Transformed (3.5.2)

Characteristic level

Calculated (3.5)

Direct (3.5.1)

Evaluation

Defining a value of a geometrical
characteristic (3.7) or a variation
characteristic (3.7.3)

Concept:

Basic characteristic (3.8)

Situation (3.8.2)
Orientation (3.8.2.1)
Location (3.8.2.2)

Intrinsic (3.8.1)

Type and subtype

Between a deviated feature (3.9.1.3)
and a reference feature (3.9.1.4)

Coming from one or more GPS
characteristics (3.9) or variation
curves (3.7.3.1)

On a deviated feature (3.9.1.3)

Coming from a GPS characteristic
(3.9) or a variation curve (3.7.3.1)

Use in indication:
GPS characteristic (3.9)

Independent (3.9.2)
Form (3.9.2.1)
Size (3.9.2.2)
Orientation (3.9.2.3)
Zone (3.9.3)
Form (3.9.3.1)
Orientation (3.9.3.2)
Gauge (3.9.4)
Size (3.9.4.1)
Variation (3.9.4.2)
Gap (3.9.4.3)
Texture (3.9.5)
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Table 4 — Relation between the types of characteristics

Type of Subtype of characteristic
characteristic Texture Form Size Orientation Position Variation Gap
Applicable — | Applicable —
Variable Equal to the
intrinsic intrinsic
Independent a 'I\:getlble characteristic | characteristic | Applicable Applicable a ’I\ijc?;ble a ,I\:(c:);ble
PP (size) for the | (size) of the PP PP
reference reference
feature feature
Applicable — | Applicable —
Variable Fixed
intrinsic intrinsic
Zone a 'I\:g;ble characteristic | characteristic | Applicable Applicable a ’I\ilgz;ble a ’I\:c?;ble
PP (size) for the | (size) for the PP PP
reference reference
feature feature
Texture Aoplicable Not Not Not Not Not Not
PP applicable applicable applicable applicable applicable applicable
Applicable —
Fixed Applicable — [ Applicable —
Not Not intrinsic Not Not Fixed Fixed
Gauge aoplicable applicable characteristic applicable applicable intrinsic intrinsic
PP (size) for the characteristic | characteristic
reference (size) (size)
feature
EXAMPLE To obtain an independent form characteristic (cylindricity for example), it is necessary to associate a

reference feature with a variable intrinsic characteristic (cylinder with variable diameter).

Table 5 — Relation between individual characteristic and input feature

Characteristic

Input feature(s)

Individual characteristic

Deviated feature

With or without reference feature
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Annex A
(informative)

Overview diagrams

Figures A.1 to A.3 show the link between the workpiece and its specification.

Specification

=p=l GPS SPECIFICATION |

Basic
characteristic

GPS
characteristic

—— Single specification

Single specification
—{ Single specification

Individual | __ _ .
specification - ’i One workpiece |
Population . .
specification .._---->|Popu|at|on of workpleces|

--- -#| Geometrical entities |

Key

Action: Q
Concept: @

Kind of relation:

| et | Filiation (child to parent)
:OD Action between entities

Figure A.1 — Specific overview diagram
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J On a workpiece I

] On a workpiece

On aworkpiece

Individual characteristic

| Single individual characteristic

F,

| Relationship individual characteristic |

Evaluation
of

Combined individual

characteristic

Local individual
characteristic

Single local
Calculated local

Global individual

!

Value of an individual
characteristic

| characteristic

Single global
Calculated global |

Basic characteristic

Intrinsic
characteristic

Situation
characteristic

On a population of workpieces

Value of a population
characteristic

-——— = = -y

e —I Population characteristic

Key

Action:
Concept:
Variable entity:

Kind of relation:

. B
G

e
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Action between entities
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Location characteristic
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|

Figure A.2 — Geometrical characteristics
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Characteristic

|Geometrical characteristic|

[GPS characteristic] - - -»|Basic characteristic- — — — COperator >——-_ Geometrical entities_|

Individua
Characteristic

Population
characteristic

Independent Zone Texture Gauge characteristic
characteristic characteristic characteristic

form form

location

Key

Action:

Concept:

|50 i

Variable entity:

Kind of relation:

| — |
I P, B

Filiation (child to parent)

Action between entities

Figure A.3 — GPS characteristics
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Annex B
(normative)

Basic (geometrical) characteristic

B.1 General

ISO 17450-1 gives general concepts on the intrinsic characteristic and situation characteristic, generally called
basic characteristic.

This annex gives further details on intrinsic and situation characteristics.

Basic characteristics enable the definition of all the individual geometrical characteristics utilized in the GPS
specifications.

B.2 Intrinsic characteristic
An intrinsic characteristic is a geometrical characteristic on an ideal feature which could be

— a single feature such as a nominally planar surface or a nominally cylindrical surface,

— a discontinuous feature such as a surface constituted of three portions of a nominally cylindrical surface,
or

— afeature obtained by a collection of several features such as two nominally planar surfaces.
EXAMPLE 1 Radius of a circle (see Figure B.1).

EXAMPLE 2 Diameter of a cylinder (see Figure B.2).

EXAMPLE 3 Apex angle of a cone (see Figure B.3).

EXAMPLE 4 Angle of a collection of two straight lines (see Figure B.4).

Figure B.1 — Radius of a circle

© 1S0 2011 — All rights reserved 49



BS EN 1SO 25378:2011
ISO 25378:2011(E)

Figure B.2 — Diameter of a cylinder

Figure B.3 — Apex angle of a cone

Figure B.4 — Angle of a collection of two straight lines

B.3 Situation characteristic

B.3.1 General
A situation characteristic is defined between two features.

The situation characteristics between two features are based on functions of the distances from the points of
one feature to the other feature (see Figure B.5). As an example, it could be the average of the distances.

: , \ 3

2/

2\
Key
1 ideal feature
2 points

3 non-ideal feature

a Distances point/feature.

Figure B.5 — Distances between two features
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The distance shall be the shortest distance between the two points (see Figure B.6).
. 2
a 2
1
1

Figure B.6 — Distance between a point and a feature

Key
1 point
2 feature

a8  Minimum distance.

NOTE The situation characteristic can change depending upon the order of feature consideration. This change can
be particularly apparent in cases where the direction of the characteristic is changed by an orientation constraint

(see Figure B.7)
1
1

a Distances point/feature.

Key
1  points

Figure B.7 — Effect of changing the order of feature consideration

The distance from a point to a feature is positive. In some cases, it is possible to define a signed distance,
which could be negative or positive. The sign depends on the related position of the point with respect to the
feature. In 3D space, a signed distance could be defined with respect to a surface. In a plane, a signed
distance could be defined with respect to a planar line, where one side of the feature is defined as positive
and the other as negative. By convention, the sign is related to the side of material (see Figure B.8).

Figure B.8 — Signed distance from a point to a straight line (in a plane)
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The distance from a point to a feature is generally considered in the three-dimensional space; nevertheless, in
some cases, it is possible to define a projected distance. A projected distance can be defined in a plane or in
a straight line (see Figure B.9). The projected distance is equal to the distance between the projection of the
considered point and the projection of the nearest point of the feature (see Figure B.9).

W\

1 b
Key
1 point
2 feature

3 nearest point

@  Projected distance.
b Minimum distance.

Figure B.9 — Projected distances on a plane and on a straight line

B.3.2 Situation characteristic between ideal features

In the particular case of a situation characteristic between situation features, there are angles (orientation
characteristics) and distances (location characteristics).

For an angle, the situation characteristic is commutative, i.e. the order in which the two features are
considered, has no influence on the angle. The angles are as follows:

— angle between 2 straight lines (see Figure B.10);

— angle between a straight line and a plane (see Figure B.10);

— angle between two planes (see Figure B.10).

The angles are included between 0° and 90°. Angles between 0° and 180° could be defined between two
straight lines or two planes. Angles between —90° and 90° could be defined between a straight line and a
plane. These are called signed angles and they depend on the order and the direction of the situation features

(a direction could be related to a straight line or a plane by a vector).

The projected angle with respect to a plane could be defined between 2 straight lines. The projected angle is
equal to the angle between the projections of the straight lines on the plane of projection.

For a distance, the situation characteristic is defined as the minimum distance from the points of one feature
to the other one. This characteristic is commutative. The distances are as follows:

— distance between two points (see Figure B.10);

— distance between a point and a straight line (distance according to the perpendicular to the straight line
(see Figure B.10);

— distance between a point and a plane (distance according to the perpendicular to the plane, see
Figure B.10);
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— distance between two straight lines (distance according to the common perpendicular, see Figure B.10);
— distance between a straight line and a plane (see Figure B.10);

— distance between two planes (see Figure B.10);

Distances are positives. A sign (positive or negative) can be associated to the distance and, in this case, this

one shall be called signed distance. Signed distances depend on the order and the direction of the situation
features (a direction could be associated to a straight line or a plane by a vector).

'b\
T

e
A
>

0 Gy

P>~

Figure B.10 — Angles and distances

Projected distances with respect to a plane or a straight line can be defined. A projected distance is equal to
the distance between the projections of the nearest points of the two features. The projected distances are as
follows:

— distance between two points;

— distance between a point and a straight line;

— distance between a point and a plane;

— distance between two straight lines;

— distance between a straight line and a plane;

— distance between two planes.

By convention, the situation characteristic between ideal features is a situation characteristic between
situation features of the features.

However, where the situation characteristic between the surfaces or the lines is required, the situation
characteristic between ideal features is defined as a function of the distances from the points of one of the
ideal features to the other (see Figure B.11). The function can be the maximum distance, minimum distance,
quadratic distance or another function.
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Figure B.11 — Distances from the points of a straight line to a circle

NOTE This function of distances could be expressed by intrinsic characteristics and situation characteristics between
situation features, especially in the case of the minimum distance.

EXAMPLE The minimum distance from a straight line to a circle (which are coplanar) could be expressed as the
difference between the distance from the straight line to the centre of the circle (situation characteristic between situation
features) and the radius of the circle (intrinsic characteristic) (see Figure B12).

Key
1 ideal features

@ Intrinsic characteristic radius.
b Minimum distance.
¢ Distance between the straight line and the centre of the circle.

Figure B.12 — Minimum distance

B.3.3 Situation characteristic between feature portion and ideal feature

The situation characteristic between the feature portion and the ideal feature is defined as a function of the
distances from the points of the feature pointer to the ideal feature. The function should be the maximum
distance, minimum distance, quadratic distance or another function.

EXAMPLE Maximum distance between a line segment and a straight line (see Figure B.13)

Figure B.13 — Maximum distance between a line segment and a straight line

Distances are positives. A sign (positive or negative) can be associated to the distance and, in this case, this
one shall be called signed distance. These are defined as functions of the signed distance from the points of
the feature portion to the ideal feature. The sign depends on the related position of the point with respect to
the feature.
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The distances can be projected in a plane or in a straight line; they are called projected distances and are
defined as functions of the projected distances from the points of the feature portion to the ideal one.

B.3.4 Situation characteristic between non-ideal and ideal features

The situation characteristic between non-ideal and ideal features is defined as a function of the distances from
the points of the non-ideal feature to the ideal feature. The distance concerned corresponds to the normal
distance, except if the involved point on the ideal feature is a singular point (which does not have a unique
normal).

EXAMPLE 1 Distance of a point to an ideal profile including an angle (see Figure B.14).

h 1
Key
1 singular point

@  Normal distance.

Figure B.14 — Normal distance and singular point with no normal distance
This characteristic is not commutative. The function can be the maximum distance, minimum distance,
quadratic distance or another function.
EXAMPLE 2 Maximum distance between a nominally straight line and a straight line (see Figure B.15).

EXAMPLE 3 Maximum distance between a nominally circular line and a circle (see Figure B.15).

Figure B.15 — Maximum distance between a nominally straight line and a straight line and maximum
distance between a nominally circular line and a circle

Distances are positives. A sign (positive or negative) can be associated to the distance and, in this case, this
one shall be called signed distance. These are defined as functions of the signed distance from the points of
the non-ideal feature to the ideal feature. The sign depends on the related position of the point with respect to
the feature.

The distances can be projected in a plane or in a straight line and are called projected distances, which are
defined as functions of the projected distances from the points of the non-ideal feature to the ideal feature.

B.3.5 Situation characteristic between non-ideal features
The situation characteristic between non-ideal features is defined as a function of the distances from the

points of one of the features to the other. This characteristic is not commutative. The function can be the
maximum distance, minimum distance, quadratic distance or another function.
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Generally, one of the features is obtained from the other one by a filtration. In this case, the situation
characteristic is a function of the distances from the points of the most filtered feature to the other one. In
some cases, it is possible to consider the distances along with a particular direction. This direction is normal to
a feature which is obtained by an association.

EXAMPLE 1 Maximum distance between two nominally straight lines [see Figure B.16 a)].

EXAMPLE 2 Minimum distance between two nominally straight lines [see Figure B.16 b)].

W W
a) Maximum distance b) Minimum distance

Figure B.16 — Maximum and minimum distances between two nominally straight lines

Distances are positives. A sign (positive or negative) can be associated to the distance and, in this case, this
one shall be called signed distance. These are defined as functions of the signed distance from the points of
one of the features to the other. The sign depends on the related position of the point with respect to the
feature.

The distances can be projected in a plane or in a straight line and are called projected distances, which are
defined as functions of the projected distances from the points of one of the features to the other.
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Annex C
(informative)

Relation to the GPS matrix model

C.1 General
For full details concerning the GPS matrix model, see ISO/TR 14638.

C.2 Information about this International Standard and its use

This International Standard defines general terms and types for geometrical characteristics of specifications.

C.3 Position in the GPS matrix model

This International Standard is a global GPS standard that influences all the chain links of the chains of
standards in the general GPS matrix, as graphically illustrated in Figure C.1.

Global GPS standards

General GPS matrix

Chain link number

Size

Distance
Radius

Angle

Form of line independent of datum

Form of line dependent on datum

Fundamental
GPS
standards

Form of surface independent of datum

Form of surface dependent on datum

Orientation

Location

Circular run-out

Total run-out

Datums

Roughness profile

Waviness profile

Primary profile

Surface imperfections

NXAX XXX XX XXX [X|X[X|X[X|X]|X][|X]|=~
NXAX XXX XX XXX [ X|X[X|X[X|X]|X][X]|N
NXAX XXX XX XXX XX [X|X[X]|X]|X][|X|w»
NXAX XXX XX XXX [X|X[X|X[X|X]|X][|X]|&
XAX XXX XX XXX [X|X[X]|X[X|X]|X]|X]|on
XXX [X|X[X|X[X|X|X[X|X[X|X[X|X]|X|X|o

Edges

Figure C.1 — Position in the GPS matrix model

C.4 Related International Standards

The related International Standards are those of the chains of standards indicated in Figure C.1.
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