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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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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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The commfittee responsible for this document is ISO/TC 213, Dimensional and geometrical product

specificatig

This secon
revised.

The main d

Clause

Clause

n and verification.

 edition cancels and replaces the first edition (ISO 14405-1:2010), which has been technic

hanges from the previous edition are:

8 and Annexes D and E‘have been added.

ISO 14405
(GPS) — Di

Part 1:

Part 2:

Part 3:

consists of the fellowing parts, under the general title Geometrical product specificat
mensional toleraricing:

Linear sizes

Dimensions other than linear sizes

ally

fons

Angular sizes
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Introduction

This part of ISO 14405 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO 14638). It influences chain links A to C of the chain of standards on size.

The ISO GPS matrix model given in ISO 14638 gives an overview of the ISO GPS system of which this
part of ISO 14405 is a part. The fundamental rules of ISO GPS given in ISO 8015 apply to this part
of ISO 14405 and the default decision rules given in ISO 14253-1 apply to the specifications made in
accordance with this part of ISO 14405, unless otherwise indicated.

For[m

ore detdlled Iniorimnma
mafrix model, see AnnexF.

and the GPS

Produced workpieces exhibit deviations from the ideal geometric form. The real valuelof theldimension
of a|feature of size is dependent on the form deviations and on the specific type of size appligd.

The type of size to be applied to a feature of size depends on the function of thesworkpiece.

The type of size can be indicated on the drawing by a specification modifier for controlling the feature
defjnition.

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 14405-1:2016(E)

Geometrical product specifications (GPS) — Dimensional
tolerancing —

Part 1:

Li

near sizes

IM&ORTANT — The illustrations included in this part of ISO 14405 are intended to illustrate

the

illustrations are not fully dimensioned and toleranced showing only the releva

pri

and are not of a quality that is required for use in industry (in terms of fiilh conformit

sta
for

1
Thi

and| defines a number of special specification operators for.lirear size for features of size, e.g

«

It also defines the specification modifiers and the drawing indications for these linear sizes.

Thi
a)

b)

sphere”, “torus,”D, “circle”, “two parallel opposite planes’;or “two parallel opposite straight

hciples. As a consequence, the illustrations are not a representation of a’complete

hdards prepared by ISO/TC 10 and ISO/TC 213) and as such, are nét’suitable for
teaching purposes

Scope
5 part of ISO 14405 establishes the default specification gpetrator (see ISO 17450-2) for

» o« ” o«

5 part of ISO 14405 covers the following linearssizes:
local size:
— two-point size;
— spherical size;
— section size;
— portion size;
global size:
— direct glébal linear size:
— Jeast-squares size;

-~ maximum inscribed size;

text and/or to provide examples of the related technical drawing specification. These

t general
workpiece
y with the
projection

linear size
“cylinder”,
lines”.

— minimuim circumscribed SIZE€,
— minimax size;
— indirect global linear size;
calculated size:
— circumference diameter;
— area diameter;

— volume diameter;

1)

©IS

A torus is a feature of size when its directrix diameter is fixed.

02016 - All rights reserved
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d) rank-o

rder size:

maximum size;
minimum size;
average size;
median size;

mid-range size;

ra

St3

This part df ISO 14405 defines tolerances of linear sizes for the following:

a + and

an upp
(see Fil

— anlSO

with or wit

This part o
present an

2 Nornm

The followj

indispensaple for its application. For dated references, only the edition cited applies. For undz:

references

ISO 286-1,
Part 1: Bas

ISO 8015, d

SO 17450+
specificatig

ISO 17450
specificatig

ISO 17450+

hge of sizes;

indard deviation of sizes.

| /or — limit deviation (e.g. 0/-0,019) (see Figure 11);

er limit of size (ULS) and/or lower limit of size (LLS) (e.g. 15,2 max.,d2 min., or 30,2/30,]1
bure 13);

tolerance class code in accordance with ISO 286-1 (e.g. 10 h6) (see Figure 12);
hout modifiers (see Tables 1 and 2).

f ISO 14405 provides a set of tools to express several-types of size characteristic. It does|
y information on the relationship between a function or a use and a size characteristic.

ative references

ing documents, in whole or in part, are’normatively referenced in this document and

the latest edition of the referenged:document (including any amendments) applies.

Geometrical product specifications (GPS) — ISO code system for tolerances on linear size,
s of tolerances, deviations@nd fits

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

1, Geometrical produtt specifications (GPS) — General concepts — Part 1: Model for geometr
n and verification

2:2012, Geametrical product specifications (GPS) — General concepts — Part 2: Basic ter
ns, operators, uncertainties and ambiguities

3,.Geometrical product specifications (GPS) — General concepts — Part 3: Toleranced featu

81)

not

are
ted

ical

ets,

"'es

ISO 81714-1, Design of graphical symbols for use in the technical documentation of products — Part 1:

Basic rules

3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 286-1, ISO 8015, ISO 17450-1,

ISO 17450-

2,150 17450-3, and the following apply.

© ISO 2016 - All rights reserved
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3.1
feature of size
feature of linear size or feature of angular size

Note 1 to entry: Feature of linear size and feature of angular size are synonyms of linear feature of size and
angular feature of size, respectively.

Note 2 to entry: Figures 1 and 2 illustrate a linear feature of size, type cylinder, or two parallel opposite planes.

Note 3 to entry: This part of ISO 14405 only deals with features of linear size which can be a cylinder, a sphere,
two parallel opposite planes, a circle (intersection of a revolute surface and a plane perpendicular to the axis

Oft-\r\ accociatad cefasn) tuazn narallal o oacitn cteadaght oac (bha intorcanction of o ~ulindeica] oo rface and a
re—a55ectateas —EWe-patFarrero6 SHee-StFatEae e stee-Hiterseetos oy rHrarea S5y

plarje containing the associated axis of the cylindrical surface or a prismatic surface and a plane(pefpendicular
to the associated median plane of the prismatic surface), and two opposite circles (the intersectipn of a pair
of cpaxial revolute surfaces and a plane perpendicular to the axis of one of the revolute surfaces),[i.e. the wall
thickness of a tube.

Notg¢ 4 to entry: Two opposite straight lines can be symmetrically established from\the associatgd axis for a
cylipdrical surface or a plane perpendicular to the plane of a prismatic surface.\Fwo opposite cifcles can be
estgblished from the intersection of a pair of coaxial revolute surface and a plane perpendicular t¢ the axis of
one|the revolute surfaces or intersection of a collection of two single surfaces.and a section featurg which is a

cylipder.
B-B A-A

\ -
AT

.
oy

a) Nominal features of linear size (internal and external)

77/ 777777

b) Extracted feature

Key
1 size of internal linear feature of size

2 size of external linear feature of size

Figure 1 — Example of a linear feature of size consisting of two opposite planes

© IS0 2016 - All rights reserved 3
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A-A
B

Key

!4_
_______ — @
i<_

B

a) Nominal features of size (internal and external)

L2l

7T,

L7777

b) Extracted featuré

1 size of internal linear feature of size

2 size of {

[SOURCE: I

3.2
upper lim;
upper lim
ULS

largest per

3.3

It of size

lower lim
lower lim
LLS

of size

xternal linear feature of size
Figure 2 — Example of a linear feature of size consisting of a cylinder

SO 17450-1:2011, 3.3.1.5]

It of size characteristic

missiblevalue for a size characteristic (3.5)

ofsize characteristic

smallest permissible value for a size characteristic (3.5)

3.4
size

dimensional parameter considered variable for a feature of size (3.1) that can be defined on a nominal

feature or on an associated feature

Note 1 to entry: In this part of ISO 14405, the size is linear, e.g. the diameter of a cylinder or the distance between
two parallel opposite planes, two opposing lines, and two concentric circles. Depending on the type of linear

feature of size, the terms “diameter”, “width”, and “thickness” are synonyms for size.

Note 2 to entry: A size is angular (e.g. angle of a cone) or linear (e.g. diameter of a cylinder). This part of ISO 14405

only deals with linear size.

4

© ISO 2016 - All rights reserved
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3.5
size characteristic
characteristic relative to a size (3.4) and defined from an extracted integral feature

Note 1 to entry: See Figure B.1.

Note 2 to entry: A size can be evaluated by more than one size characteristic (e.g. the two-point diameter or the
diameter of the associated feature taken on the extracted feature).

3.6

local size

locgttimearsize

locql size characteristic

locdl linear size characteristic
size| characteristic (3.5) having by definition a non-unique result of evaluation along '@nd/dr around a
feature of size (3.1)

Note¢ 1 to entry: For a given feature, an infinity of local sizes exists.
Not¢ 2 to entry: A two-point size on two opposite planes can be called a “two-pointthickness” or a “two-point width”.

Note 3 to entry: In Figure 3, examples of local size are shown. These examples do not take into accoynt the rank-
ordgr size (3.7.2.2).

Not¢ 4 to entry: Elementary types of size characteristic are defined'in’ Annex D.

3.6{1
twq-point size
<lo¢al size> distance between two opposite points efi'a extracted integral linear feature of sjze

Notg 1 to entry: A two-point size on a cylinder can-bgcalled a “two-point diameter”.
Not¢ 2 to entry: A two-point size on two opposifée planes can be called a “two-point distance”.
Not¢ 3 to entry: The method establishing.a two-point size from any kind of features of size is given in [FO 17450-3.

3.6]2
section size
glohal size (3.7) for a given gress section of the extracted integral feature

Not¢ 1 to entry: A section.size is a local size (3.6) for the complete toleranced feature of size (3.1).

Not¢ 2 to entry: The-Cross section is defined with the same criterion as the one taken to define the {firect global
size|(3.7.1).

Note 3 to entfy;'On an extracted feature which is a cylinder, it is possible to define an infinite numper of cross
secflions in'which the diameter of the associated circle can be defined (with a specific association criterion). This
is a pection’size.

3.613
portion size
global size (3.7) for a given portion of the extracted feature

Note 1 to entry: A portion size is a local size (3.6) for the complete toleranced feature of size (3.1).

3.64
spherical size
<local size> diameter of the maximum inscribed sphere

Note 1 to entry: The maximum inscribed sphere is used when defining the spherical size of both internal and
external feature of size.

Note 2 to entry: See Figure 3 c).

© IS0 2016 - All rights reserved 5
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a) Extracted feature under consideration which could be either an internal or external
feature and either a cylinder or two opposite planes

N
— "} [} A

7
b

‘\ -

c) Spherical sizes

d) Section size obtained from adirect global size with maximum inscribed criterion
(other criteria are possible)

e)Portion size from a direct global size with maximum inscribed criterion
(other criteria are possible)

Key
d  size [in Figure 3 b)] P position
L  considered length of the portion of the cylinder Sod diameter of the maximum inscribed sphere

NOTE1 Thesection size of Figure 3 d) in each cross section is given by the diameter of the maximum inscribed
circle defined in that cross section.

NOTE 2  Only a portion of the extracted feature of length, L, is considered in Figure 3 e).

Figure 3 — Examples of local size

6 © IS0 2016 - All rights reserved
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global size

global linear size

global size characteristic
global linear size characteristic
size characteristic (3.5) having by definition a unique value along and around a toleranced feature of

size

(3.1)

3.71
direct global size

dir

dirg
dirg
glol
ast

Not

Not
dep
squ

Not
ided

3.7.
lea
dire
intd

Not
the
feat]

3.7.
mal
dire
inte

Not
call
insd
the

he feature of size (3.1) and which is established without constraint of size, orientation, or

e 1 to entry: The different direct global linear sizes are given in Figure 4.

1.1

1.2

ct global linear size

ct global size characteristic

ct global linear size characteristic
al size (3.7) equals to the size of an associated integral feature which is of the sameé geomge

e 2 to entry: Different criteria may be used for this operation of association,and different results g
ending on the criterion chosen. The association criteria described in this‘part of ISO 14405 are
hres, maximum inscribed, minimum circumscribed, and minimax criteria:

b 3 to entry: The associated integral feature (established from the extracted integral feature) h
| shape as the feature of size. Its size is considered variable.

bt-squares size
ct global size (3.7.1) for which an associated intégral feature is established from the
gral feature(s) with the total least-squares criterion

sum of the square of distances existing between the associated integral feature and the extrad
ure.

Kimum inscribed size
ct global size (3.7.1) for which an associated integral feature is established from the
gral feature(s) with the-maximum inscribed criterion

e 1 to entry: In the case/of an internal linear feature of size, the maximum inscribed size wa
bd “mating size for.an-nternal feature”. It maximizes the size of the associated integral feature y
ribed in the extracted integral feature (with constraint of contact between the extracted integral
hssociated integral feature).

3.7.

mifjimunicircumscribed size
dirdct global size (3.7.1) for which an associated integral feature is established from the
intggral feature(s) with the minimum circumscribed criterion

3

trical type
location

re obtained

total least-

as the same

extracted

e 1 to entry: In this part of [SO 14405, “total ledst-squares” is referred to only as “least-squares”. It minimizes

ted integral

extracted

previously
hich can be
feature and

extracted

Note 1 to entry: In the case of an external linear feature of size, the minimum circumscribed size was previously
called “mating size for an external feature”. It minimizes the size of the associated feature which can be
circumscribed to the extracted integral feature (with constraint of contact between the extracted integral

feat

©IS

ure and the associated integral feature).

02016 - All rights reserved
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3.71.4

minimax size

Chebyshev size

direct global size (3.7.1) for which an associated integral feature is established from the extracted
integral feature(s) with the minimax criterion

Note 1 to entry: The minimax criterion without constraint of inside or outside material gives the medium
feature of the minimum zone including the extracted integral feature. It minimizes the maximum value of the
set of distances between the points of the extracted integral feature and the associated integral feature without
material constraint.

3.7.2
indirect global size

indirect glgbal linear size

indirect global size characteristic

indirect global linear size characteristic

rank-order|size (3.7.2.2) or global calculated size (3.7.2.1)

Note 1 to erftry: An indirect global size can be, for example, an average of a set of two-point size values takeh on
the extractdd cylindrical surface.

a) Extracted feature under consideration which could be either an internal or external
feature and either a cylinder or two opposite planes

c) Minimum circumscribed size
——— - = S NS -
I

d) Least-squares size

8 © IS0 2016 - All rights reserved
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e) Minimax size

Figure 4 — Illustration of direct global sizes

3.7p21
cal¢ulated size
size|(3.4) obtained by using a mathematical formula that relates the intrinsic characteristic

to

Note 1 to entry: The calculated size can be a local size (3.6) or a global size (3.7).

3.7.2.1.1

cirg
<of

formula:

whyd
squ

Not
Not
Not
diff

ass(

Not

minfmum circumscribed-diameter.

Not

ne or several other dimensions of the same feature

umference diameter
an extracted cylinder> calculated size (3.7.2.1) giving the dianteter, d, obtained from th

C
d=—
T
hres associated cylinder
b 1 to entry: See Figure 5.

e 2 to entry: The circumference diametgeris defined in a cross section.
b 3 to entry: Several criteria can be/used for the operation of association to orient the cross
brent results are obtained according to the chosen criterion. The default criterion is the lg

ciated cylinder of the feature-(see ISO 17450-3).

b 4 to entry: In cases where the feature is non-convex, the circumference diameter can be larg

e 5 to entry: The-eitéumference diameter depends on the filtration criteria used.

5 e

bf a feature

e following

bre C is the length of the integral extracted linejin a cross section normal to the axis df the least-

section and
ast-squares

fer than the

PN
[ o7

|
L
S /

-- /'
a) b)
Key
C length of the outline (extracted line)
d circumference diameter, equal to C divided by m
Figure 5 — Example of circumference diameter
© ISO 2016 - All rights reserved
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3.7.2.1.2

area diameter

<of an extracted cylinder> calculated size (3.7.2.1) giving the diameter, d, obtained from the following
formula:

[4A
d=,|—
T
where A is the area limited by the integral extracted line of a cross section normal to the axis of the
least-squares associated cylinder

Note 1 to ej:ry: See Figure 6.

Note 2 to enftry: The area diameter is defined in a cross section.

Note 3 to eptry: Several criteria may be used for the operation of association to orient the ctess section|and
different rgsults are obtained according to the chosen criterion. The default criterion is\the least-squpres
associated qylinder of the feature (see ISO 17450-3).

a) b)

Key
A areaingide outline of the extracted line

d areadidgmeter, calculated from 4
Figure 6— Example of area diameter

3.7.2.1.3
volume dipmeter
<of an exttacted cylinder>ccgiculated size (3.7.2.1) giving the diameter, d, obtained from the following
formula:

= |3
< [,

V  is the volume limited by the integral extracted cylinder;

L isthe height of the cylinder taken between two parallel planes perpendicular to the axis of the
least-squares associated cylinder with the maximum distance between them and containing a
complete section of the feature

Note 1 to entry: See Figure 7.
Note 2 to entry: Several criteria may be used for the operation of association to orient the cross sections

intersecting the extracted cylinder and defining L. Different results are obtained according to the chosen
criterion. The default criterion is the least-squares associated cylinder of the feature (see ISO 17450-3).

10 © IS0 2016 - All rights reserved
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Key

V  |volume of the extracted feature

L |length of the cylinder

d |volume diameter, calculated from Vand L
a

Two parallel planes perpendicular to the axis of the least‘sguares associated cylinder with the makimum
distance between them and containing a complete section of the feature.

Figure 7 — Example of volume diameter

3.7R.2

rank-order size
size| characteristic (3.5) defined mathematically from a homogeneous set of local size (B.6) values
obtained along and/or around the toleranced feature

Note 1 to entry: A rank-order size ¢an be used to define an indirect global size (3.7.2) from a local size (3.6) (portion
size|(3.6.3), section size (3.6.2)spherical size (3.6.4), and two-point size (3.6.1)).

Not¢ 2 to entry: A rank-grder size can be used to define a local size from another local size (for example, to define
arapk order sectionsize from a two-point size taken in the section).

Note 3 to entry:The different types of rank-order size defined in this part of ISO 14405 are illustrated in Figure 8.

3.72.2.1

magkimumnrsize
ranf-order size (3.7.2.2) defined as the maximum of the set of values of a local size (3.6) alpng and/or
arotmtthetoterancedfeature

3.7.2.2.2

minimum size

rank-order size (3.7.2.2) defined as the minimum of the set of values of a local size (3.6) along and/or
around the toleranced feature

3.7.2.2.3

average size

rank-order size (3.7.2.2) defined as the average of the set of values of a local size (3.6) along and/or
around the toleranced feature

© IS0 2016 - All rights reserved 11
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median size
rank-order size (3.7.2.2) defined as the median value of the set of values of a local size (3.6) along and/or
around the toleranced feature

Note 1 to entry: The median value allows the population of local size values to be split into two equal portions
(50 % above and 50 % below). Depending on the function of repartition of the population, the median size, and

the average

3.7.2.2.5

size can be identical or different.

mid-range size

rank-order

local size (3

3.7.2.2.6

range of s
rank-order
values of a

3.7.2.2.7
standard
rank-order
and/or aro

Note 1 to en
the associat]

12

Size (3.7.2.2) defined as the mean of the maximum and the minimum ol the set of values
.6) along and/or around the toleranced feature

zes
size (3.7.2.2) defined as the difference between the maximum and the minifaum of the s¢
local size (3.6) along and/or around the toleranced feature

leviation of sizes
size (3.7.2.2) defined as the standard deviation of the set of valtes of a local size (3.6) al
und the toleranced feature

try: A standard deviation is sometimes presented as a quadratic sum explaining the second lett
ed symbol (see Table 1).

of a

t of

ong

br of
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) d)
Key
1 [setof values of local sizes 6 median size (= 9,969 86)
2 |position along the axis 7  mid-range size (= 10,020 345)
3 |maximum size (= 10,497 88) 8 sizerange (= 0,95507)
4 |minimum size (= 9,542 81) 9  standard deviation of sizes (=0,30178)
5 |average size (= 10,011 69) d; values of local size
Figure'8 — Example of rank-order sizes based on the two-point size
3.8
envelope requirement

conjbinatien of the two-point size (3.6.1) applied for the least material limit of the size (3.4) angl either the
minfmum circumscribed size (3.7.1.3) or the maximum inscribed size (3.7.1.2) applied for thg maximum

material limit of the size

Note 1 to entry: The “envelope requirement” was previously referred to as the “Taylor principle”.

3.8.1

envelope requirement for external features of size

combination of the two-point size (3.6.1) applied for the lower limit of size (LLS) (3.3) and the minimum
circumscribed size (3.7.1.3) applied for the upper limit of size (ULS) (3.2)

Note 1 to entry: See Figure 9.

© IS0 2016 - All rights reserved
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Key

Bw N R

150,03 -0,06 ® | |

two-po
diamet

envelope cylinder including 4

extract

3.8.2

envelope requirement for internal features of size

|

|

| 0
| -

|

|

|

a) Specification b)Anterpretation

nt sizes (required to be larger than or equal to 149,97)
b1 of envelope cylinder equal to 150,03mm

bd integral feature

gure 9 — Example of envelope requirement for external linear feature of size

combinatign of the two-point size (3.6:1) applied for the upper limit of size (ULS) (3.2) and the maximum

inscribed si

Note 1 to entry: See Figure 10.

14

7e (3.7.1.2) applied for the Tower limit of size (LLS) (3.3)
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+0,1

212 0 (® - l,

a) Specification b) Interpretation
Key]
1 [two-point sizes (required to be smaller than or equal to 12,1)
2 |diameter of envelope cylinder equal to 12 mm
3 |envelope cylinder included within 4
4 |extracted integral feature

Figure 10 — Example of envelope requirement for internal linear feature of sige

3.9
common toleranced feature-of size
several separate single features of size considered as one feature of size (3.1) on which|a common
tolgrance is applied

Notg 1 to entry: See 7Z-and Figure 33.

3.1£
united feature of size
set pf two.ormore single integral features considered as one feature of size (3.1)

Note L-toentry: a united feature of size is a sub-type of united feature. A united feature can be an intggral feature
whith'is not a feature of size.

3.11

intersection plane

plane, established from an extracted feature of the workpiece, identifying a line on an extracted surface
(integral or median) or a point on an extracted line

3.12

direction feature

feature, established from an extracted feature of the workpiece, identifying the direction of distance
used to define a characteristic

Note 1 to entry: This definition is adapted from ISO 1101:2012 to broaden its scope which is limited in ISO 1101
to identify the direction of the width of the tolerance zone.
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4 Specification modifiers and symbols

For the purposes of this part of ISO 14405, the specification modifiers (see ISO 17450-2:2012, 3.4.2) and

symbols in

Tables 1 and 2 apply.

To define in a dimensional specification a specific type of size characteristic available for upper and/or
lower limit specification, modifiers or symbols shall be used in the sequence as defined in Table 3.

The combination of these modifiers and symbols is described in Clauses 5, 6, and 7. Rules for the

presentation of graphical symbols are given in Annex A.

Details of

The presen

{Ze charactertstics are givem Im ATmnex -
tation of indications of size specifications shall follow the rules given in Annex E.
Table 1 — Specification modifiers for linear size
Modifier Description Reference
Two-point size 3.6:1
@) Local size defined by a sphere 36.4
@ Least-squares association criterion 3.71.1
@) Maximum inscribed association criterion 3.71.2
@GN Minimum circumscribed association criterion 3.71.3
@D Minimax (Chebyshev) associationefitéeria 3.71.4
© Circumference diameter (calculated size) 3.72.1.1
Area diameter (calculated-size) 3.7.2.1.2
@) Volume diameter (calculated size) 3.7.21.3
@ Maximum sizea 3.7.2.2.1
GN Minimum sized 3.7.2.2.2
Average.sizea 3.7.2.2.3
GM Médjan sizea 3.7.2.2.4
Mid-range sizea 3.7.2.2.5
Range of sizesa 3.7.2.2.6
Standard deviation of sizesa 3.7.2.2.7
a_\ Rank-order size can be used as a supplement to calculated portion size or global portion
size orlocal size (see 3.7.2.2 and 6.1.3).

16
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Table 2 — Complementary specification modifiers

Description Symbol Reference Example of indication
United feature of sizeb UF 71 UF 3x 910 +0,1 GN)
Envelope requirement ® 6.2.2 10 0,1 ®
Any restricted portion of feature /Length 73 $10 0,1 @O / 5
Any cross section ACS 74 $10 0,1 GX) ACS
Specific fixed cross sectjon SCS 75 10 +01 GX) (SC
Any longitudinal section ALS 74 10 0,1 @GX) ALS
Mofe than one feature Number x % 2x 10 £0,1®)
Common toleranced feature of size CT 7.7 2x 100501 ® T
Frele-state condition ® 7.8 P10 +0,1 ®
Betjween > 7.2to0 7.3 %10 01 A== B
Int¢rsection planea 74 5 +0,02 ALS
Dirpction featurea Z4 5 :0,02 ALS]
Flagnote @ 8 10 £0,1 @

For more information, see ISO 1101.

The symbol UF can be used to identify a united feature.of size or a united feature which is not a feature of

bize.

©IS

02016 - All rights reserved
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Table 3 — Type and sub-type of size characteristic and associated modifiers

Type of size Subtype Additional definition Associated modifiers
characteristic
Two-point size
Spherical size @)
With least-squares association criteria | (GG) ACS o
@O ALS or
(GGO) SCS
With maximum inscribed association ACS or
criteria
@) ALS or
GX) SCS
With minimum circumscribed asso- |(GN) ACS o
ciation criteria
Local size Section size GN) ALS op

SCS

With minimax association criteria

GBACS or
ALS or
@O scs

Calculated size with circuniféerénce
diameter

@

Calculated size with areadiameter

Rank-order size of alltypes of local size

Example: ACS

Portion size of
length L

With least-squares association
criteria

Example: G020

With maximum inscribed
association criteria

Example: ©X/20

With minimum circumscribed
asSociation criteria

Example: GN)/20

With minimax association criteria

Example: @O /20

Calculated size with volume
diameter

Example: @720

Rank-order size of section size or
spherical size or two-point size

Example: ACSGX) A =B

With least-squares association criteria

Global size

Direct global
size

With maximum inscribed size

With minimum circumscribed size

With minimax association criteria

Calculated
global size

Calculated size with volume diameter

288 .6

i?zdeirect global |Rank-order size based on a local size Example: @GN ACS GX)
Local ar}d Enve}ope Combination of and @ or @ ®
global size requirement

18
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5 Default specification operator for size

5.1 General

The size operator defined in this part of ISO 14405 only deals with features of linear size which can
be a cylinder, a sphere, two parallel opposite planes, a circle (the intersection of a revolute surface and
a plane perpendicular to the axis of the associated surface), two parallel opposite straight lines (the
intersection of a cylindrical surface and a plane containing the associated axis of the cylindrical surface
or a prismatic surface and a plane perpendicular to the associated median plane of the prismatic
surface), and two opposite circles (the intersection of a pair of coaxial revolute surface and a plane
perpendicular to the axis of the revolute surfacej.

When the basic GPS indication is used for linear size, the default specification operatof. for sjze applies.
The default specification operator for size can be the following:

— |the ISO default GPS specification operator (see 5.2 and ISO 8015);
— |the drawing-specific default GPS specification operator (see 5.3);
— |the altered default GPS specification operator (see ISO 8015).

The basic GPS specification for linear size has no specification modifier attached and can bejone of five
typgs (see Table 4).

NOTE The specification with the ISO tolerance code or with upper and lower values is equivalen.

© IS0 2016 - All rights reserved 19
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Table 4 — Different basic GPS specifications for size

Basic GPS specification for linear size Examples 2 Figure
0 +0,2
Nominal size + deviation limits 11
150-0,2 |238-0,1 [55%0,2
Nominal size followed by tolerance code in accordance with 100 hS; 267 k6; 165 js10
12
SO 286-1
o ) 150 238,2 55,2
Values of upper and lower limits of size 13
149,8 2379 54,8
Values of upper or Jower [imits of size 85,Z max. i84,8 min. —
General tolprancing defined by a nominal size neither 10
indicated ith brackets nor as a theoretically exact dimension —
(TED) (squpred dimension) and in the title block ISO 2768-m Nb
a  Deviatign limits of values for upper and lower limits of size can be written in one line, see 6.2.2.
b See ISOR768-1 for information on general tolerancing.

5.2 IS0 default specification operator for size
The ISO default specification operator for size (without specification modifier) is the two-point size

The ISO default specification operator for size applies when theré\is no indication on the drawing
referring tp another default specification for size as defined in 5.3. The consequences of this defpult
definition gre given in Annex C.

If the two-point size (default) is applied for both specified limits, the modifier shall not be indicafted.
The speciffications of Figures 11 to 13 use the ISO default specification operator for size and|are
identical, but written in different ways.

i~ A
= S
o°| RN S S Ocl;
§ g
Sy \i
a) Linear feature of size type: cylinder b) Linear feature of size type: two paralle]

opposite planes

Figure 11 — Example'of ISO basic GPS specification of size — Nominal size * deviation limifs

[ )
v [ee)
T -
& I I o
o N
A \
a) Linear feature of size type: cylinder b) Linear feature of size type: two parallel

opposite planes

Figure 12 — Example of ISO basic GPS specification of size — Nominal size followed by ISO
tolerance code — ISO 286-1
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820
$19,987
|
|

20
19,967

\ \

a) Linear feature of size type: cylinder b) Linear feature of size type: two parallel

opposite planes

re 13 — Example of ISO basic GPS specification of size — Values of upper and low

r limits of

size (ULS and LLS)

aftqr the relevant limit of size or deviation limit (see 6.2.2).

5.3| Drawing-specific default specification operator for size

When a drawing-specific default specification operator (see ISO 17450=2) for size applies

ind

To
the

cated on the drawing in or near the title block in the following order:
a reference to this International Standard, i.e. “Linear sizeISO 14405”;
the specification modifier(s) for the chosen default definition of linear size.

facilitate the reading of the drawing, it is possible,to indicate all other types of modif
drawing by listing them in brackets after the dtawing-specific default specification ind

Figuire 14 b)].
Seelalso Figure 14.

Linear size 150 14405 ®ICPGEOGNG)

Linear size IS0 14%05(GE)

e two-point size is applied only for one of the two specified limits, the modifiet shall be indicated

J| it shall be

'!er used on
cation [see

a) b)

NOTE The default specification operator for this drawing is not the two-point size, but is changed to least
squjrresS'size [see Figure 14 a)]. Other examples can be the following:

— “Linear size 1SO 14405 &)" changing the default specification operator to the envelope requirement [see

Figure 14 b)];

— “Linear size 150 14405 O changing the default specification operator to the circumference diameter, etc.

Figure 14 — Example: Change of default specification operator for linear size for the entire

drawing

© ISO 2016 - All rights reserved
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6 Draw

6.1 Basi

ing indication for special specification operators for size

c specification

6.1.1 General

A tolerance indication for size by default applies to one single complete feature of size (see 6.2 and 7.1).
It is possible to indicate that

a)

the tolerance applies to any restricted part or a fixed restricted portion of the feature of size (see

7.2,
b)

When the
modifiers
(see ISO 17

The speciffication modifiers shall be used together with the basic GPS specification for size

examples d
range of si

6.1.2 Rules to indicate a basic GPS specification

A basic GP!
When a GP
— two dg
two d¢g

itis de

then the specification of size is indicated on one line (expressing the same specification operator

the upper
and 6.2.2).

The nd
size is
shall b
th

th

7j, 74, and 7.5), or
that thie tolerance applies to more than one feature of size (see 7.6 and 7.7).

If the fleature of size'shall be specified not using general tolerancing, then the previous indica

ISO default specification operator for size characteristics does not apply, ;specifica
see Tables 1 and 2) shall be used to indicate which special specification operator(s) apy
150-2:2012, 3.2.7).

findication in Table 1) or by given the tolerance when the size cha¥racteristic is attached
res or a standard deviation of sizes (see example of indications it Figure 17).

b specification for size as given in Table 1 can be writteh'on one or two lines.
S specification for size has:

viation limits symmetrical to zero (see Figure:25), or

viation limits defined by a tolerance code (see Figure 12 and ISO 286), or

fined from a general tolerance or ascunilateral limit,

hind lower limits of size except when the envelope requirement indicator is used) (see §

minal value of the siZe'shall be preceded without a space by the symbol @ when the featuy
A circle or a cylindéryor S@ when it is a sphere.

e followed bya space:
b deviation limit preceded by “+” indication (see Figure 29), or

e [SO~code (see Figure 12), or

fion
lies

see
to a

for
2.1

e of

Fion

tolerance limit (see Figure 21).

the “min.” or “max.” indication, respectively, to specify only the lower tolerance limit or the upper

When a GPS specification for size is defined by two deviation limits or two size limits, then this
dimensional specification is written on two lines (see Figures 11 and 13).

The lower line contains the nominal value or the lower size limit which shall be preceded without a

space by the symbol @ when the feature of size is a circle or a cylinder, or S when it is a sphere and,
in the case of a nominal value, followed by the lower deviation limit preceded by a space.

The upper line contains

— the upper deviation limit (without indication of the nominal value of the size), or

22
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— the upper size limit which shall be preceded without a space by the symbol @ when the feature

of size is a circle or a cylinder, or S@ when it is a sphere.

The tolerances are aligned using the decimal divider (the comma).

A deviation limit (lower or upper) shall be signed, i.e. preceded by its sign (+ or -) without space when
its value is different from zero. When a deviation limit (lower or upper) is equal to zero, then the sign +

or -

shall be omitted.

The modifier “nx” for more than one feature shall be placed in front of the dimensional specification
indication, e.g. 2x or 5x (see 7.6 and 7.7) followed by a space.

6.1
Aftg

spe

br the tolerance value or the tolerance code or the value(s) of the limit of size, the.other s
modlifiers shall be used in the following order (some modifiers may be omitted in
Cification):

3 Rules to indicate basic dimensional specification with modifiers

q

modifier for type of size characteristic: local size or global size or.calculated size, e.
, O \&/;

modifier for any restricted portion or any cross section or anydongitudinal section of t

feature, e.g. “/25” or “ACS” or “ALS” (see 7.3 and 7.4). If the dirhensional specification is ap

restricted portion or any cross section or any longitudinalsection of a geometrical featu

corresponding modifier can be preceded by a rank-order modifier, e.g. , ,or

global characteristic for each portion or each section. (see Example 1);

modifier for specific cross section “SCS” (see 7.5); with the list of one or more specific cro
when an ambiguity may exist; modifier fortank-order, e.g. , , or which ¢

ecification
tolerance

;. (P, @
b* ) )

e complete
lied to any
e, then the
to define a

ss sections
hin precede

a sequence of implicit or explicit modifier§&’that define a local characteristic (see Exaiple 2). To

define a global characteristic when the toleranced feature is “any portion” or “any cro
or “any cross section within a portioni>of the linear feature of size, the rank-order mo
be placed after the modifier for. restricted portion or a cross section of the compld

e.g. 25+ 0,1 @/256A or 12 + 0,05 GDACS

indication of the specific pertion with between symbol (see 7.2 and 7.3);

)

modifier for common toleranced feature of size, i.e. “CT” (see 7.7); a rank-order modifié
@, or ) can precCede the CT modifier e.g. 2x 150 £0,05 GO Acs CT;

modifier for freéstate condition, i.e. ® (see 7.8);

ss section”
difier shall
te feature,

b1 (e.g. X,

intersection¢plane when it is necessary to clarify the ALS or ACS indication (see 7.4) followed by a

directionfeature when it is necessary to clarify the direction of the dimension to be cons

by thisway, an orientation constraint of association 100,03 @ A'-S (see Fig!

idered and
ire 28);

flag note indicator (see Clause 8).

EXAMPLE 1

The sequence of modifiers, ACS, means the mid-range (rank-order) size of the local two-

point sizes is calculated in each cross section separately. This defines a local characteristic for each cross section.

EXAMPLE 2

The sequence of modifiers, , , ACS , defines the same set of local characteristics as in

Example 1 and from that set the range (rank-order) of sizes is calculated. This defines a global characteristic.

NOTE 1
rank-order size

and for minimum rank-order size

If a local size is required without any other rank-order modifier, the operators for maximum
apply by default to the upper and lower limits of

size, respectively. For example, when the default size characteristic is the two-point size, the following size
requirements are identical.

© ISO 2016 - All rights reserved

23


https://standardsiso.com/api/?name=0fb2d31b750564f4c6adf5a5dbd3bf2f

ISO 14405-1:2016(E)

150 [+01] - [-0,1]
150 [+0,1P)] - [-0,1@P)]
150 [+0,1CP)SX) - [-0.1TP)CN)]

When the set of specification modifiers applies to both the upper and lower limits of size, only one set

When different specification modifiers are chosen for the upper and lower limits of size, it creates two
different characteristics and a set of specification modifiers shall be attached to each deviation limit

indication
exception f

NOTE2
mathematia
circumscril

EXAMPLE 3
characteris
characteris
for the low]
specificatio

When a ra
size value
additional
defined in |

o this indication rule.
Vhen several specifications apply to the same size, each specification is independent. Theré may

ed diameter is always larger than least squares diameter.

In Figure 17 a), the first characteristic, which is the range of local two-poiht’sizes and the seqd
ic, which is the median of local two-point sizes, shall be considered indepedently. In Figure 19 a)
ic for the upper limit of the specification can mathematically never be Jower than the character

h and the characteristic for the lower limit of the lower specification are the same.

hge of sizes (rank-order) or standard deviation of sizes{rank-order) is required, a nom
hall not be indicated, In this case, the specified valué.indicated is by default (without
indication “max.”) the upper limit of the range of‘sizes or standard deviation of size
Clause 5. For example, 0,004 means that the difference between the maximum value

the minimfim value of the two-point size characteristic shall'‘be <0,004 (see Figure 17).

When a u
symbol, e.d
6.2 Indi

6.2.1 On

If the samdq

r]:lateral tolerance indication is used, the modifiers shall be placed after the “max.” or “nji

.254,6 max. @O and ?45,9 min. (@)
cation of special specification@perators

e specification operator fer'both limits (upper and lower) of a size characteristic

special specification operator applies to the upper limit of size, as well as the lower lim

size, only dne set of specification modifiers shall be used (see Figures 15, 16, and 17).

0
$20 -0,

$20 ho
35 @0 920 h6 @O

\

al relationship between the different characteristics defined by the specifications, e;gsthe minin

(upper and lower) (see 6.2.2). The indication of the specification modifier &) is the unique

be a
hum

ond
the
stic

er limit of the specification. In Figure 20 a), the characteristic forkthe lower limit of the upper

inal
the
5 as
and

”

t of

#

a) Special specification operator for size based b) Special specification operator for size based

NOTE

24

on tolerance codes in accordance with
ISO 286-1

on deviation limits

Figure 15 — Example: indication of a special specification operator for size

The specification operator “least-squares size” applies to the upper, as well as the lower deviation limit.
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+0,1
$35 -0,2(CA

NOTE The specification operator "area diameter” applies to the upper and lower limits of size.

Figure 16 — Example: same specification operator for upper limit of size and lower limit of size
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0,004 (SR 0,002 SR ALS =] A
\ #50 +0,02(SD)
\
u )

%

b

a) b)

0,006 SRACS <] 1 |A ~0,00289)
0,006 SRALS <{|=|A 920 0,1

A [/ ; )

A
\

od

oD

] d)
NOTE1 4)indicated specifjeation operators on the right diameter for the following:

— lower ipdication: an uppeér and a lower limit of size (250 + 0,02) apply to the mid-range size of the two-point
size values;

— upper ipdicatien®an upper limit (0,004) applies to the range of the two-point size values.

NOTE 2  B)cdndicated specification operator for thickness: an upper limit (0,002) applies to the range of the

two-point size aluac oftha vl thiclenace Annag haora on thanon ddaal curfarac in v lonaitudinal cactinng
p ZeVarteS-o+tRe-WatrtrHerk oH-tRe-Hoh-taear-Surace S HahRyrongituatiiar €+t1oH-

TSIy vy IteT

NOTE3 ) indicated specification operators on thickness for the following:

— upper indication: an upper limit (0,004) applies to the range of the two-point size values defined in any cross
section;

— lower indication: an upper limit (0,006) applies to the range of the two-point size values defined in any
longitudinal section.

NOTE4 d)indicated specification operators on diameter for the following:

— lower indication: lower and upper limits (20 * 0,1) apply to the two-point size values defined anywhere on
the real surface;
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upper indication, an upper limit (0,002) applies to the standard deviation of the two-point size values defined

anywhere on the real surface.

Figure 17 — Examples of the use of rank-order specification modifier

6.2.2 Different specification operator for upper limit of size and lower limit of size

If different specification operators apply for the upper and the lower limit of size, the specification
operators are indicated either

a) |attached to each of the limits of size or deviation limits or tolerance code indications (seg|Figures 18
and 19), or
b) [written on the same line in the following order:
1) the specification operator for the upper limit of size, in square brackets;
2) aspace, a hyphen, and a space;
3) the specification operator for the lower limit of size, in square brackets.
NOTE When different specification operators are applied for the ‘upper limit and the lower] limit, each
spegification operator is described using modifiers, even if one is the default operator.
+0,2 GN)/15
EXAMPLE ~ 2x 978 -0,2 or 2x 978 [+0,2 GN)/15] - [-0,2 TP GA)]
i i
! 060 @ - @
) | | 8597 GOACS 3 | | s60 h12 GBACS
| |
! !
a) Indicatioir of different characteristics for b) Indication of different characteristics when
lower and upper limits of size using nominal size and tolerance ¢ode
(see ISO 286-1)
NOTE a) and b) express the same requirements. The specification operators defining the size cHaracteristic
are, for the upper Iimit, the "minimum circumscribed” cylinder diameter and, for the Tower Iimit, the “least

squares” diameter in any cross section.

Figure 18 — Example of different specification operators for the upper and lower limits of size

© ISO 2016 - All rights reserved
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The envelope requirement, ®,isa simplified indication to describe two specification operators where
the local size exists on the linear feature of size. It is equivalent to express two separate requirements,
one for the upper limit of size and another for the lower limit of size by using the modifier for an
internal feature (e.g. hole), or @N for an external feature (e.g. shaft) for the maximum material side of
the tolerance (upper or lower tolerance), and the modifier for the other side of the tolerance (see

Figure 19).

Y B EXAMPLE ~ Y=210+0,1®or
Y=010 [+0,1 GN] - [- 0,1 TP)]

A

T~
! These two specifications have the samsg
meaning. They define two specifigation
= T T T ———— 2~ |operators, one is the two- pointsize, th
/ other is the minimum circumscribed sige.

Y — Thelocal sizes do not.exist every-

where on the cylindricdlsurface (only
defined on the portion’between A and B),

[¢*]

—_

— The enveloperequirement or the
minimum

circumscribed’diameter apply to the
complete

extracted integral surface.

M@,
$35 -0,1(LP) - #35 h10()

a) b)

NOTE1 There are two specification operators indicated describing two size characteristics which are the
following:

—  “minimum cirewmscribed” associated cylinder diameter which applies to the upper limit;

—  “two-ppint”diameter which applies to the lower limit.

NOTE 2  When the extent of the figure of size is relatively small compared to the size, or when the removed
portion on the feature of size is large (compared to the complete mathematical feature), then the evaluation the
size can exhibit instability which can be limited, e.g. by using a direction feature.

Figure 19 — Possible indications to express the envelope requirement
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6.2.3 More than one dimensional specification applied to a linear feature of size

When there are only two specification operators, it is possible to express them as defined in 6.2.2 or by
expressing these by two separate specifications by using the indication “min.” or “max.”.

If more than two specification operators are applied to a feature of size, they shall be specified by the
following:

— on separate dimension lines [see Figure 20 a)], each containing one or two specification operators,
when possible;

adel a H 1. loa ol H . PP . ym | L h M 2011 H < 1 :
— [WITIT OITC UIMICITSTOIT THTC, 01T WITICIT af € HIarcatet aIirectry [SCC rIgures 20 O] O IIaITrecLly with an
attached reference line [see Figure 20 c)] more than one dimensional specification separated by a
dash and each being written into squared brackets;

— |with one dimension line, attached to several reference lines, each one containing qne or two
specification operators [see Figure 20 d) and Figure 21].

NOTE If the space is not sufficient on the dimension line, the specifications can'be placed on a rdference line
conhected to the dimension line with a leader line (see Figure 20 c).

+0,1
9120 0 (E)/25_

+0,2 +0,2 +01
9120 0 ® 18200 0 (©)I-[200 0 (B)25]

‘ 0,2
/ | 120 [0°®

0,1
B | R 3120 |0 (®)/25

c) d)
NOTE The two specification operators indicated in a), b), ¢) and d) are the following:
— the envelope requirement 0/+0,2 for the complete linear feature of size;

— the envelope requirement 0/+0,1 for any restricted length of 25 mm of the linear feature of size.

Figure 20 — Example of more than one requirement for size on the same linear feature of size
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NOTE

Figure

#60 max. GN)

#59,7 min. GQ)ACS

’

N\

/

feature of size

6.3 Tolerancing of fits on assembly drawings

Dimension
for misintg

\

\/k\_/—

I
830 HTE)/h6@®

Figure 27

N

N D

'his figure expresses the same requirements as expressed on Figure 18.

_\/k\_/—

r 21 — Example of two requirements for size characteristics on the same linear

ing and tolerancing of a fit may take place on an assembly dfawing eliminating the possib
rpretation (see Figures 22 and 23).

\

in a fit

— T

+0,041
+0,020

e,

_@30F7

0
A¢30h6(—0ﬁ13)(:L

% | 7/
7 ; Z —
|
1 @30 :g?ff\
- ¥ ou U,I\L/>
-0,1
. 2 $30 -0,20

lity

 — Examples of assembly drawing with ISO code system tolerancing of two features

Figure 23 — Examples of assembly drawing with plus and minus tolerancing of two features

30

in a fit
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7 Indication of the toleranced feature on which the size characteristic is defined

7.1 Complete toleranced linear feature of size

The specification applies by default to the complete toleranced feature of size. When the toleranced
feature is the complete feature, no additional indication is necessary [see Figure 24 a)]. When the
specification applies to a united feature (UF) of size, the specification shall be preceded by UF nx [see

Figure 24 b)].

+0,1 D UF 3x $100 +0,5@GN)
— P50 =02 —
I
I
d) Requirement for the complete feature of b) Requirement for the complete gnited
size feature of size
NOTE The specification operators indicated ina) are the default operators. The two-point diamjeter applies

to bpth the upper and the lower limits for the entire feature of size.

Figure 24 — Example.efrequirement for the complete feature of size

7.2| Specific fixed restricted portion of the feature of size

If the specification appli€sito only one fixed restricted portion of the complete feature of sizd, it shall be
indicated by the following:

— |along-dashed.dotted wide line placed over the restricted portion of the complete featufe with the
indications_of the dimensions defining its extent and its location [see Figure 25 a)], or

— |using<two letters defining the beginning and the end of the fixed restricted portion.|These two
lettersfollow the tolerance of the size and are separated by the “between” symbol [see Figure 25 b)].

Thaextent of the pnrh'nn anditslocation shallhe defined hy theoreticalexact dimensions ("l EDs)
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‘
B EEE—

NOTE y
both the up

Figure 25

7.3 Any

If the sped
restricted
modifier

Figure 26 3
to the “ACS

If any of th
this restrig

a) Restricted portion defined by using a wide, long dashed-dotted line
$20 0,1 A<—B

N s

[ —————

b) Restricted portion defined by using the «— symbol

'he specification operators indicated are _the default operators. The two-point diameter applig
per and lower limits of size for the restricted portion of the feature of size.

— Example of requirement for'a’'specified fixed restricted portion of the feature of

restricted portion of.the feature of size of a specified length

ification applies to-any restricted portion of either the complete feature of size or a fi
portion of it, it-shall be indicated in the sequence of the specification with the specifica
” followed by the value of the length of the restricted portion (considered as a TED)

" modifier(see 7.4). It is recommended to use the “ACS” modifier in this case.

bserestricted portions are taken on a fixed restricted portion of the complete feature of {

ize

xed
fion
[see

)]- The indication “/0”, meaning that the length of the restricted portion is zero, is equivajent

ize,

ted portion shall be indicated by

— using a long-dashed dotted wide line with the dimension line pointed to it [see Figure 26 a)]. or

— using two letters defining the beginning and the end of the restricted portion and indicating in the
sequence of specification these two letters separated by the “between” symbol [see Figure 26 b)].

The extens

32

ion and the location of the restricted portion shall be indicated by TEDs.
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NO

characteristic the maximum inscribed cylinder diameter for any portion of the indicated length.

7.4 Any cross section or any longitudinal section of a linear feature of size

Ift

ora
section or with the specification modifier “ALS” for any longitudinal section in a view or a g

Figlires 27 and 28), respectively. Moreover, if any cross sections or any longitudinal section
on 1
usi

for

A c1joss sg€tion is defined to be perpendicular to an axis. A longitudinal section is defined as
incirding an axis. By default, if this axis shall be the axis of associated feature of size itse

int

ISO 14405-1:2016(E)

+0,1
$150 -0,2(GX) /10

a) By using the / length symbol
+0,1
$150 -0,2(GX) /10 A=—=B

|

;
| e

b) By using the «—"symbol

TE The same specification operator applies to bath'the upper and lower limits of size and de|

Figure 26 — Example of requirements for any restricted portion of the feature o

He specification applies to@ny cross section or any longitudinal of either the complete fea

restricted portion of the complete feature of size, then the restricted portion shall be iy
g a long-dashed’/dotted wide line or by using the “between” symbol. For the extent of a sy
h restrictedportion, see Figure 26 b).

fines as size

f size

fure of size

fixed restricted portion of1it, it shall be indicated with the specification modifier “ACS” fgr any cross

ection (see
5 are taken
idicated by
ecification

h half plane
f, then the
indicator.

rsection plane can be omitted, otherwise, it shall be specified with an intersection plane

When the size to be considered is a thickness (e.g. distance of two straight lines or distance between
two circles), then an intersection plane indicator shall be used as a complement to ALS or ACS to specify
the feature of size which establishes the intersection plane.

The intersection plane indication is always placed at the end of the sequence of dimensional
specification elements followed, if necessary, by a direction feature indicator [see Figure 28 a)], but
before the flagnote indicator.

© ISO 2016 - All rights reserved
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+0,1
$150 -0,2(GQ) ACS

a) Indication in a view

A A-A
— ~ 2040:JGE ACS

b) Indication‘in‘a cross section

NOTE The specification operator “least-squares diameter” for any cross section of the cylindrical feafure
applies to bpth the upper and lower limits of size,
Figure 27 — Example: Using the ACS modifier to express a requirement for any cross section of
the linear feature of size
= The size (characteristic) is the (local) min-
5 = A |<—| A
— e £0,03GALS <| | //| ‘ imum circumscribed size in any longitudi-
nal section defined between two extracted
integral lines (the intersection of the extracfed

Y

7

plane including datum A) in a direction par4

integral feature of size and an intersection half

1-

lel to datum A (to avoid instability when the

4o PR R | de AR AY
CALCIIU UT UIIT UPPUDILC dlcds 15 Dllldll).

a) Indication b) Meaning

Figure 28 — Example: Using the ALS modifier in conjunction with an intersection plane and a

34

direction feature
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Size characteristic in a specific cross section of a feature of size

If the specification applies to a specific cross section of the complete feature of size, then

a)

the cross section shall be indicated by identifying the following:
— the dimensional specification in the considered cross section [see Figures 29 a), b) and c)];
— the cross section with a leader line connected to a cross section identifier above [see Figure 29 d)];

— by using as the departure point the oblique extension lines from which the dimension line is

b)
‘)

SEEE U o))
the location of the cross section from another geometrical feature shall be defined bya TED, and

the modifier SCS shall be indicated in the dimensional specification followed by*the identifier of the
cross section placed into squared bracket [see Figures 29 a), 29 c), 29 d), and/31].

When no confusion about the nature of the specific cross section is possiblexthe symbol “§CS” can be

omi

Thd
imp

tted [see Figure 29 b)].

location of the cross section should not be at the beginning or, the‘end of the feature (glefining an
licit TED of 0 mm) to ensure that the cross section exists on theteal workpiece.
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®20 +0,2 SCS ®20 +0,2
ey s O ey e

___{} _________ 1 N 1

RITN

a) Locatign of the cross section and indication b) Location of the cross section and.indication

b

in the same view with the modifier “SCS” in the same view without the modifier “SC$
| - " #20 +0,1GE)SCS

c) Location of the cross section in a view and indication in this cross section

$20 0,2 SCS [A]

d) Dimensional specification with SCS Symbol

NOTE In a), the modifier SCS defines without ambiguity that the specification applies only in a specific
location: the TED 10 could be used for a geometrical specification of location.

Figure 29 — Example of an indication for a specific cross section of the complete feature of size
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When a specification applies to several specific cross sections of the same feature of size, then each cross
section shall be identified by an identifier and the series of identifiers shall be placed after the modifier
SCS into squared brackets, each separated by a comma and a space. If a rank order is to be applied on
this set of size characteristic, then the rank order modifier shall be placed after the identifiers of the
series of specific cross sections (see Figure 30).

™
N
)

$30 +0,02@GO)SCS [A, B, C1&D)

Figure 30 — Indication of several specific cross sections

#10 +0,1@GQ)SCS

NOTE This figure is provided to show an indication of a diameter in a specific cross section of a ¢one.

Figure 31 — Example of an indication in a specific cross section of a cone

7.6 Requirement applied individually for more than one feature of size

If the specification applies as an individual requirement for more than one feature of size, the
specification modifier “nx” shall be placed as the first element in the specification to indicate the
number of features to which the specification applies (see Figure 32).
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+0,1
2x $150 -0,2(GN)

NOTE e specification operator T CITCUIMSCribed cCyHder dtameter —appiies to tie upperjand
lower limitd for the two cylindrical surfaces individually.

Figure 32 — Example of individual requirements for two features of size

NOTE This specification modifier “nx” can only be used when there is no doubt as te.which featureg the
specificatioh applies.

7.7 Requirement applied for more than one feature considered.asone feature of size

If the specjfication applies to a collection of more than one feature of'size and this collection shalll be
considered as one feature of size, the specification modifier (nx ) shallbe placed as the first elemert in
the specififation to indicate the number of features of size on which the specification applies and|the
specificatipn modifier “CT” shall be placed at the end of the spécification (see Figure 33).

+0,1
2x 9150 -0,2(GN) (T

NOTE The specification operator“minimum circumscribed cylinder diameter” applies to the upper|and
lower limitq for the two cylindrigal'stirfaces considered as one feature of size.

Figure 33 — Exampleof requirement for two features of size considered as one feature of size

7.8 Flexible/non-rigid parts

If the spedification applies to a non-rigid part, the specification modifier ® (see 1SO 10579:2010)
shall be added to the specification to indicate that it applies to the feature or workpiece in a free-state
condition (see Figure 34).
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$35 +0,8 GO ®

NOTE The specification operator “least squares requirement” applies to the feature in‘afree-stafte condition

ofa

When a complementary requirement applies to a dimensional'specification, a numbered fla
be {

plaged close to the title block(

The flagnote can describe'the GPS characteristics as the following:

Th

flexible workpiece, both for the upper and lower limits of size.

Complementary indication

h
@: before heat treatment

@: after heat treatment

a calculated characteristic as a function of one or more other GPS characteristics. In this
parameter of the function shall be labelled as GPS characteristic on the drawing;

a constraitied characteristic (see ISO 10579 and ISO/TS 17863);

a chapacteristic in a special state.

Figure 34 — Example of requirement for free-state condition of'a flexible workpliece

gnote shall

laced at the end of the specification. The requirement:shall be defined close to the title block or in a
conjplementary document.

s (10 20,1CD] - [10 £0,2(2)]

case, each

flagnote can also indicate any other indications common to several specifications as, fi

r example,

specific specification operator, constrained conditions, additional requirements for workpieces
population, etc.

See

Table 2 and Clause 8.
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A.1 Gen,

Annex A
(normative)

Proportions and dimensions of graphical symbols

In order tg
inscription
[SO 81714

A.2 Pro
The graphi

The symb¢l XX in Figure A.1 designates all the different letter combigations for the specifica

modifiers g

harmonize the size of the symbols specified in this part of ISO 14405 with those~of of

her

s on technical drawings (dimensions, geometrical tolerances, etc.), the rules|given in

1 shall be applied.

portions

cal symbols shall be drawn in accordance with Figures A.1 and A.2;

riven in Table 1.

The symbIl X in Figure A.2 can correspond, in this part of ISQ 14405, to the letter E or F for

specificati

n modifiers given in Table 2.

10 x d
EEEEEEEE!

T
16 x d

Figure A.1

X
[T

40

Figure A.2

—n

on

the
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A.3 Dimensions

The dimensional requirements of the graphical symbols and the additional indications are specified in
Table A.1.

NOTE These requirements are in accordance with ISO 3098-2.

Table A.1 — Dimensions

Dimensions in millimetres

Lettering hpighf h 25 35 8 i 10 14

Line thickness for symbols and lettering, d 0,25 1035 1|05 ]| 0,7 1 1,4
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Annex B

(informative)

Overview diagram for linear size

The diagram given in Figure B.1 presents the relations between several types of characteristics relative

t th i folinanrfoqtura ofcioavwvhanthalattaric ~nplind o tha comanlatn foqtien Af oz
(0] € Sl1Z¢e p+aHhe AT T PpHe 1} OH-51£€-

completefeature
K Global size
s ~

T—Treotrtarc-orore

T—trIre-—roeeeTTroT™

ot

\

~

N

Local size
Indirect
global size
Section size \ Portion size
(SCS,ACS,ALS) (/length<>)
Twolpoint size F::::::::::::::T_____ _______ .
(LP) B O I . IS
Spherical size
[ (LS) } TGS T
GG/GX/
GN/GCsize [ T|[77 Tt g
GG/GX/
GN/GCsize [ [| ™
Circumference
diameter (CC) I T g
Area diameter
[\ (CA) /} """""""" T ™
Volume diameter
) B
\ j/ Volume diameter
(CV)

Direct
global size

GG/GX/
GN/GC size

Calculated size

P —

/

Key
-- b

42

defined by a rank-order size from

Figure B.1 — Overview diagram for size
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Annex C
(informative)

Data handling with rank-order modifiers

If a specification does not apply by restricted portion or section, then all data belong to one set of

resyts:

If a ppecification applies to a restricted portion or section, then data sets shall be considered,

or b

If a

y section. A section data set is defined for each portion or section.

global size (including a rank order size) is specified for each portion or sectign, then e

data set is reduced to one global section value for the section or portion.

If alglobal size (including a rank order size) is specified for the complete-feature of size, the

Ex
a)
b)
‘)
d)
Ass

resallmlts is reduced to one global value.

ples of dimensional specifications:

210 £0,0035 TP D Acs;
0,005 C® @D acs GR);
0,05 T GR);

10 0,04 CP.

uming that 12 local two-point sizes haye been measured in each of five cross sections

Tabje C.1 (the bold values are maxima or minima within one section).

by portion

hch section

h the set of

Qs given in

Table C.1 — Primary data result set (two-point sizes obtained in five sections and in 12 angular
locations orientations)

No.j Angular Section no. i
ina location in.a
bection section in 1 2 3 4 5
1 0 10,000 10,000 9,996 9,995 9,990
2 15 10,010 10,015 10,016 10,003 10,008
3 30 10,012 10,009 10,005 10,017 10,008
4 45 10,009 10,007 10,011 10,009 10,013
5 60 10,011 10,010 10,016 10,021 10,007
6 75 10,015 10,025 10,022 10,009 10,006
7 90 10,005 9,997 10,007 10,013 9,996
8 105 10,006 10,002 10,006 10,014 10,014
9 120 10,004 10,012 10,013 10,006 10,006
10 135 9,997 10,002 10,002 9,988 10,002
11 150 9,995 9,986 9,987 9,993 10,000
12 165 9,999 10,008 10,007 10,007 9,996
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Table C.2 — Results of evaluation for the three types of specified characteristic

Result of measurement for this sequence of modifiers
ACS 10,005 10,0055 10,0045 10,0045 10,0020 -
ACS - - - - - 0,0035
- - - - - 0,039
Type of s1ze Local Global
characteristic
EXAMPLE A dimensional specification which is indicated on the drawing by 210 + 0,0035 P ED acs
can be descfibed as a sequence of operations applied to a set of data.

NOTE1
the descript

Let i be thg

LP (i.))

u; =E; (LB(i,j))

R=Max(/,

The examy
requireme
data sets f
from the s
sequence d
Table C.1),
characteris

B_

A

ion of the characteristic Vymp defined textually in ISO 492.

cross section index and j the value index in each cross section.

represents the value number j evaluated in the section i

represents the average value in section 7 evaluated.frem the set of values
LP (i)

. represents the range evaluated from the set{ofjvalues u;
; ) —Min (:“i ) p g Ui

le shows the sequence of operations on the primarj’data result set. A portion or sec
nt (in this case, the “any cross section” requirement) generates a secondary set of sec
Fom the primary set. For each data section set,"a mid-range value is generated and fin
et of mid-range values of individual sections;*a range value is calculated. Graphically,
f operations can be depicted as follows, where B is the primary data result set (as give
he C; are the data section sets for each)cross section and R the results for each speci
tic (see Table C.2) as shown in Figure.C.1.

C, —— {LP(I1),LP(12),..} — g
C, ——% {LP(21),LP(22),.} —> W,
Cy —— {LP(B1),LP(32),..} — W3 >
Cpo— {LP(41),LP(42),..} — i,
C; —— {LP(51),LP(52),..} —> Wj

'S

'he specification operator defined by “210 +0,035 ACS D is a GPS operatorequivalent to

[ion
fion
lly,
this
h in
fied

Figure C.1 — Illustration of an example of schematic from the primary set of evaluations to the

NOTE 2

result on the characteristic

The sequence of operations on the data set does not always follow the sequence of the modifiers of the

specification. For example, the subdivision of the primary data result set by section or portion, if applicable, is
always the first operation, regardless of where the corresponding modifier is in the sequence.

44
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Annex D
(normative)

Size characteristics

D.

D.1
A t

T COTL

.1 General

vo-point size is the distance separating the two points composing an oppesite point

simultaneously on the extracted feature (see ISO 17450-3).

D.1
An

Gedmetrically, opposite point pairs are obtained from the intersection of a non-ideal integ

wit

.2 Default operator defining an opposite point pair

bpposite point pair can only be obtained on a linear feature of size,

n an enabling feature which is a straight line.
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If the intersé€ction between the input feature and the first enabling feature defines an opp

pail

If a

It in exactly two points.

If the intersection results in one point or more than twad\points, then at this location of t}
feafure, an opposite point pair cannot be defined. To definie an opposite point pair, the interss

pair taken

ral feature

e enabling
ection shall

efault (unless otherwise specified), a toleranced feature constituted by an opposite p¢int pair, is

hined by applying the following sequences of Operations:

workpiece;

if the extracted feature does not contain an infinite number of surface points, reconstru
surface;

filtration of the extracted feature defining the input feature.

st enabling featureis established from a skeleton feature of the associated feature obt

hined by the total least squares criteria.

, then asecondary enabling feature is not used (see Table D.1).

séeondary enabling feature is to be used (see Table D.1), then the first enabling feat

sect - ; :
defined by the intersection between the section lines and the secondary enabling feature.

See

examples in Figures D.1 and D.2.

© ISO 2016 - All rights reserved

partition of the single feature from, the non-ideal surface model or from the real sur

input feature (the'real integral feature) (see Table D.1). By default, the associated fd

face of the

Ction of the
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