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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

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

This document is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). The rules and principles given in this document apply to all segments of
the ISO GPS matrix which are indicated with a filled dot ().

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

For
mat

more detailed information on the relationship of this document to other standards and
rix model, see Annex A.

© IS0 2017 - All rights reserved
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Part 4:
Geometrical characteristics for quantifying GPS deviations
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local geometrical-deviation

d(1
locd

Not

Scope

5 document specifies general rules for quantifying GPS deviations for individualLlGPS char
E GPS deviations can be local or global. A GPS characteristic defined from«local GPS dey
meter that transforms the set of local deviations into a global characteristie using a quantify
more details, see Table 1).

Normative references

following documents are referred to in the text in sueh“a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced decument (including any amendmen

25378, Geometrical product specifications (GPS)=<'Characteristics and conditions — Defin

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 25378 and the follo
and IEC maintain terminological.databases for use in standardization at the following ad

IEC Electropedia: availabletat http://www.electropedia.org/

[SO Online browsingplatform: available at https://www.iso.org/obp

).d(P),

n

b 1 £0 éntry: d(P) identifies any local geometrical deviation attached to any point (P) of the input

Acteristics.

riations is a
ng function

Pir content
pplies. For
[s) applies.

jtions

ving apply.

dresses:

| signed‘distance between a point, P, of an input feature and a point of the reference featyire

eature.

PR
NoteZTto entry: A local geomeltrical deviation, akl’)A , Can be [Iocated In an n-dimensional rereren
n

attached to the reference feature.

ce space, Ay,

Note 3 to entry: A local geometrical deviation exists in any point of the input feature (see Figure 1). Each local
geometrical deviation of a point of the input feature can be represented in a reference space, 4y, by the abscises
of its corresponding point of the reference feature and by the ordinate corresponding to the local geometrical
deviation.

Note 4 to entry: A local geometrical deviation can be described as an ordinate of a point of the variation curve
whose abscises are defined in the reference space, 4.

Note 5 to entry: A local geometrical deviation is equal to zero when the deviated feature crosses the reference

feat
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ometrical deviation

Fkey 1 from which key 3 is defined

Figure 1 — Local geometrical deviation

space

led by n curvilinear axes attached to a reference(feature in which for each point of an ir
cal deviation is defined

Note 1 to enftry: n is equal to 1 for a reference line, or equalito 2 for a reference surface.

3.21
areal refe
A3
reference s

fence space

pace (3.2) when the referencéfeature is a surface

Note 1 to enftry: Reference space for aitwo-dimensional reference feature.

3.2.2

linear reference space

Ay
reference s

pace (3.2) wheén the reference feature is a line

Note 1 to enjtry: Reféxence space for a one-dimensional reference feature.

3.2.3

two-direc

ional reference space

put

combination of two linear reference spaces (3.2.2) of the same linear reference feature whose vectors
normal to any point P of the reference feature are orthogonal

3.3

quantifying function
mathematical function using the complete set of local deviations to define a geometrical characteristic

as a quanti

ty

Note 1 to entry: A quantifying function can be a rank-order characteristic (3.4) (see Table 1).

© ISO 2017 - All rights reserved
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k-order characteristic

geometrical characteristic defined mathematically from a set of local geometrical deviations

Note 1 to entry: A rank-order characteristic is defined from a quantifying function. Several kinds of rank-order
characteristics exist. The formulae describing them are given in Table 1.

3.4.

1

maximum
characteristic maximum value of a set of local geometrical deviations

Not

3.4

-t toemtry-See Tabte 1

2

minimum

cha
Not

3.4
ave
cha

Not

34
me
cha

Not
(50
valy
Not
3.4
mig
cha
Not

3.4

racteristic minimum value of a set of local geometrical deviations

e 1 to entry: See Table 1.

3
rage
Facteristic average of a set of local geometrical deviations

b 1 to entry: See Table 1.

4
lian
racteristic median value of a set of local geometrical deviations

e 1 to entry: The median value splits the populatien of local geometrical deviations into two eq
Po above and 50 % below). Depending on the distribution of the population, the median value and
e can be identical or different.

e 2 to entry: See Table 1.

5
|-range
racteristic mean of the maximum (3.4.1) and the minimum (3.4.2)

b 1 to entry: See Table 1.

6

range

cha
Not

3.4

racteristic difference between the maximum (3.4.1) and the minimum (3.4.2)
e 1 to enthy;See Table 1.

7

hal portions
the average

maj

Kimum absolute deviation

characteristic maximum of absolute values of the maximum (3.4.1) and the minimum (3.4.2)

Note 1 to entry: See Table 1.

4

4.1

Geometrical characteristic

General

Several families of geometrical characteristics, as defined in ISO 25378, exist:

©IS

intrinsic characteristic: size, form or surface texture characteristics;

situation characteristics: location, orientation and run-out characteristics.

02017 - All rights reserved
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The specified associated feature to the input feature is the reference feature for a geometrical
characteristic (see Figure 2).

NOTE1 Thereference feature is an associated feature. For more information, see ISO 5459.

NOTE 2  Itis assumed that the reference feature has the extent necessary for all points on the input feature to
have a corresponding point on the reference feature. In some cases, this requires a mathematical extension of
the reference feature. The rules for this extension are not given in this document; they are in the standards for

specific GPS

characteristics.

The reference feature, to evaluate an intrinsic characteristic (size, form or surface texture

characteris

£10oc) e vnvalatad 0 o Aoty cuctaa

The refere
orientatior

The refere
— totally]

— partia

For a geometrical characteristic of form, orientation, location or run-out;\the shape of the refere

feature is
toleranced

to its nominal extent. To define any deviation from the reference feature, it is necessary to have a 1

restricted
nominal sh

CICo oo crocC o toTr oot o i Oy Ot o Tty

or location constraint).
nce features can be
constrained, where all non-redundant degrees of freedom are constrained, or

ly constrained, where not all non-redundant degrees of freedom are\constrained.

by default the nominal shape of the toleranced feature. When the nominal shape of
feature belongs to a prismatic, or complex invariance class) then its definition is restri

definition of the reference feature. The extension of. the reference feature compared tq
ape is defined by default as the continuity of the neminal shape curvature.

hce feature, to evaluate a situation characteristic, is related to a datum system (defiing

nce
the
ted
jon-
its
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C_ e

5

a) Without constraint b) With orientation constraint
(form deviation) (orientation deviation)

6 1

|

5

c¢) With location constraint (location deviation)

Key
local geometrical form deyiation

reference feature unrelated to a datum system

reference feature, related to a datum system with orientation constraint (a°)
local geometrical\orientation deviation

datum

referencé feature related to a datum system with location constraint (X mm)

N O U1 W N

localigeometrical location deviation

Figure2— Examplesof Teference features withrdifferemtconstraints for the same input feature

4.2 Types of geometrical characteristic
The local geometrical deviations are the basic elements used to establish a geometrical characteristic.
By convention, the positive direction is out of the material.

The default is defined as the minimum distance from a point of the toleranced feature to the reference
feature (see Figure 3).

© IS0 2017 - All rights reserved 5
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referen|
toleran
local ta
normal

Ul s W N =

minimy

NOTE 1
feature, thi
necessarily

By default,
is defined
[the direct
minimum
see Figure

ce feature

Ced feature

hgent plane to key 1
distance from key 2 to key 1
m distance (default case)

\ local geometrical deviation is defined from any point on\the input feature, but for the refer
b is not necessary the case. The set of minimal distances_ and the set of normal distances are
identical.

Figure 3 — Difference between normaldistance and minimum distance

hs the minimum distance between. d point, P, on the input feature and the reference feat
ion of local deviations is not pfedefined; see Figure 4 a)]; otherwise, it is defined as
listance in the specified direction from the input feature (e.g. by using a direction featy
4 b).

without indication of a specified direction for local evaluation, a local geometrical deviafi

P1nce
not

© ISO 2017 - All rights reserved
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Key
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Ift
cha
geo

a) Default case

pE P6 P7

P1 P2

0.2\ 0,23; 0,43\ 0,49

b) With a'specified direction

-_/"/.-—- - T
T 0N ﬁ @ T

3

real feature
local geometrical deviations
reference feature

Figure 4 < JIllustrations of different types of local geometrical deviations

input featureiis an extracted feature, or a filtered feature, or a restricted associated feaf]

[ 2

ure.

he inputifeature is an integral line, then the geometrical characteristic is a linear geometrical

Facteristic. If the input feature is an integral surface, then the geometrical characteristic
metrical characteristic.

is an areal

If the input feature is:

EXAMPLE

a derived surface then, the reference space is an areal reference space;

a line belonging to an integral surface, then the reference space is a linear reference space;

a derived line in space, then the reference space is a two-directional reference space;
a derived point, then the reference space is a linear reference space;

an integral point, then the reference space is linear or areal.

cylindrical space.

© IS0 2017 - All rights reserved
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Any geometrical characteristic is established as a quantifying function (see examples in Table 1) of a set
of local geometrical deviations.

Each quantifying function is established from
a) the variation curve of local geometrical deviations,
b) the variation curve of material ratio, or

c) the variation curve of amplitude distribution.

In alocal caardinate svstem defined in a reference. space A, the variation curve of the local gpnmpfrica]
deviations|is the set of the local geometrical deviations (local ordinate values), over the reference’space
(linear or preal). This curve can be plotted in a reference space system showing the localcerdipate
values dirdctly (see Figure 5).

NOTE1 §ince a local geometrical deviation is defined from any point of an input feature, then there are three
possibilitieq for any coordinate in the reference space: no attached local geometrical deviatiom,one attached local
geometrical deviation and more than one attached local geometrical deviation (when the séference feature is|less
locally smo¢th than the input feature).

The materfal ratio curve is a transformation of the variation curve of lpcal’geometrical deviatipns.
The materfial ratio is defined as the percentage of material seen for any value of the geometiical
characterigtic between its minimum value and its maximum value.

NOTE 2 The material ratio curve can be interpreted as the cumulative probability function alopg a
reference space.

A variatiof curve of amplitude distribution is a transformation of the variation curve of the lpcal
geometricgl deviations curve. The variation curve of amplitude distribution is defined as the derivafive
of the matg¢rial ratio curve, indicating the probability gver the reference space that a local geometifical
deviation lgvel has a certain value.

8 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=93ca1bd35e7be4ea884fec15ec1f19bd

ISO 17450-4:2017(E)

T 1
20% 100%

Key
extﬁQXEd integral feature
reference feature

variation curve of local geometrical deviations
amplitude distribution variation curve
variation curve of material ratio

abscisse in reference space

= X Ul s W N R

amplitude of local geometrical deviation

Y" amplitude of local geometrical deviation below the highest point in key 3

Figure 5 — Illustration of the process establishing a variation curve

© IS0 2017 - All rights reserved 9
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A geometrical characteristic is defined by a quantifying function which is a mathematical operator.
The quantifying functions given in Table 1 are applied over the variation curve of local geometrical
deviations (see ISO 25378).

Other mathematical operators can be defined when a geometrical characteristic results from the
variation curves of material ratio or of amplitude distribution.

NOTE 3 The mathematical operators can be applied over a portion of the geometrical feature, taken anywhere
along the extracted (integral or derived) feature. Mathematical operators can be applied first in one direction
in the reference space, and subsequently in the other direction, or directly in the two directions of the reference
space. This process can be repeated until the geometrical characteristic becomes a global characteristic.

Table 1|— Simple quantifying functions defined on the variation curve of local geometticdl

deviation
Name of thqg| Rank- Mathematical description of a quantifying functiona
quantifying| order On a continuous model On a discontinuous.unodelb

function || operator

[from d(P), ] [from d(F)=di]

Maximum yes max[d(P)An } max[d(Pﬂ
Minimum ves min[d(P)An } min[d(P)]
Maxi Y

ala))s(glrlllligl eS max{max[d(P)A ];min[d(P)A ]} max{|max[d(P)]|;|min[d(P)]|}
deviation " "

Median Yes d(P)so% =dspo, J

Range Yes max[d(P)A }—min[d(P)A } max[d(P)]—min[d(P)]

Mid-range Yes

%{max[d(F)An } + min[d(P)An ]} %{maX[d(P)] + min[d(P)]}

Peak height| Yes

max[d(P)An} |max[d(p)]|
Valley deptt Yes min[d(P)A :I |min[d(P)]|
Doubled Y
mao)?imim ~ 2vmax{min[d(P)A } ; max[d(P)A ]} 2~max{|min[d(P)J|;|maX[d(P)]|}
deviationd " "
Average No 1 m
S R R Y
An d=1

a For information, see ISO 3534-1.

b m extracted points, each one having a weighting wj. The weighting of each point is equal to 1 when the extracted points of the
toleranced feature are uniformly distributed.

¢ For geometrical specifications, the target value, 7, is considered equal to zero.

d  In the case of the minimax criterion (Chebyshev without material constraint) used to establish the reference feature, there is no
difference between the results obtained on a discontinuous model from the functions “doubled maximum deviation” or “range”.

10 © IS0 2017 - All rights reserved
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Table 1 (continued)
Name of the| Rank- Mathematical description of a quantifying functiona
ql;sz?tf]?:g o Ozg:tl;)r On a continuous model On a discontinuous modelb
P [from d(P), ] [from d(P) = di]
n
Standard No 1 2
deviation o= . J' |:d(P)A —,u} -dA,,
[da, ; n
n
An
Ihertia No c
(u-7)°"+0?
Avgrage of No 1
absolute 7[ d(P)A dAy,
Yalues dA, *An "
An
SKewness No r 7 3
1 1 3
e ey | |:d(P)An —u} dA,
|
n A,
LAn |
Kprtosis No r g _ 4 2
5 n-(n+1) i d;—d 3-(n-1)
4 2= : -
3 ([, -u) ()23 &\ s ) fr2)3)
ot dA An
n A,
L An |
a For information, see ISO 3534-1.
b Im extracted points, each one having a weighting wj. The weighting of each point is equal to 1 when the extracted| points of the
tolefanced feature are uniformly distributed.
c For geometrical specifications, the target value, 7, is considered equal to zero.
d |In the case of the minimax-eriterion (Chebyshev without material constraint) used to establish the reference featufe, there is no
diff¢rence between the results.obtained on a discontinuous model from the functions “doubled maximum deviation” or “rapge”.
Ong of these quantifying functions is used in a geometrical specification to define the geometrical
chafacteristic.
Figlire 6 shows a set of the local geometrical deviations defined as signed distances bletween an

extracted_integral feature and a reference feature, which is a circle with fixed size, located from a
datqinysystem. These local distances define the variation curve.

© IS0 2017 - All rights reserved 11
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