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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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Introduction

This part of ISO 14405 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see [SO 14638). In the general GPS matrix, it influences chain links “Symbols and

» o«

indications”, “Feature requirements” and “Feature properties” of the size chain of standards.

The ISO/GPS Masterplan 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
[SO 14405 and the default decision rules given in ISO 14253-1 apply to specifications made in accordance
with this part of ISO 14405, unless otherwise indicated.

For|more detailed information on the relation of this part of ISO 14405 to other standards|and to the
GPY matrix model, see Annex D.

© ISO 2016 - All rights reserved v
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Geometrical product specifications (GPS) — Dimensional
tolerancing —

Part 3:
Angular sizes

Thi
nurn
not}
apl
inte

Figlire 1 and Figure 2.

Thi
ang

Thi

Scope
5 part of ISO 14405 establishes the default specification operator for angular-size an

ber of special specification operators for features of angular size: cone (truncated, i.e. {
,wedge (truncated or not), two opposite straightlines (intersection of a wedge/truncated

rsection of a cone/frustum and a plane containing the axis of revolution of the cone/fry

5 part of ISO 14405 also defines the specification modifiers’and the drawing indication
ular sizes.

5 part of ISO 14405 covers the following angular sizes:
local angular size:
— angular size between two lines;
— portion angular size;
global angular size:
— direct global angular size:
— least squares angular size;
— minimax angular size;
— rank order angular size/indirect global angular size:
— maximum angular size;
— SQminimum angular size;

" average angular size;

| defines a
rustum, or
wedge and

hne perpendicular to the intersection straight line of the two planes of the wedge/truncated wedge,

stum). See

s for these

1 ausc Uf au5u}a1 D;LCD,
— mid-range angular size;
— median angular size;

— standard deviation of angular size.

This part of ISO 14405 defines the meaning of tolerances of angular sizes indicated as

+ and/or - limit deviations, e.g. 0°/-0,5°, or

— indicated with upper limit of size (ULS) and/or lower limit of size (LLS), e.g. 35° max. or 15° min.,

34°/36°,

© ISO 2016 - All rights reserved
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with or

without modifiers.

This part of ISO 14405 provides a set of tools to express several types of angular size characteristics.
It does not give any information on the relationship between a function or a use and an angular size
characteristic.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references
ISO 8015, ¢
ISO 17450

the Tatest edition of the referenced document (including any amendments) applies.
feometrical product specifications (GPS) — Fundamentals — Concepts, principles andtules

1, Geometrical product specifications (GPS) — General concepts — Part 1: Model for.geometH

specificatidn and verification

ISO 17450}2, Geometrical product specifications (GPS) — General concepts — Rart 2: Basic ter
specificatidns, operators, uncertainties and ambiguities

ISO 1745083, Geometrical product specification (GPS) — General concepts —Part 3: Toleranced Featuf
ISO 14405-1:2016, Geometrical product specifications (GPS) — Dimensional tolerancing — Par
Linear sizef

ISO 14405
other than

2, Geometrical product specifications (GPS) — Dimensional tolerancing — Part 2: Dimens
[inear sizes

3 Terms and definitions

For the pur
ISO 17450+

For associg
well as “m|
retained. T}
ISO 14405,

3.1

angular si
angular di
non parall

Noteltoe
features of

poses of this document, the terms and definitions given in ISO 8015, ISO 17450-1, ISO 1745
3, 1SO 14405-1, ISO 14405-2 and thefollowing apply.

tion criteria, it is assumed that'the terms “least squares” and “Gaussian” are equivalen
inimax” and “Chebyshev”. In\this document, the terms “least squares” and “minimax”
he least squares criterionisunderstood without material constraint throughout this paj

e
ension of a cone or between two coplanar opposite straight lines or between two oppad
| planes

ry: The-antgular size is defined from nominal features or from associated features which are ang|
ize,

ical

ets,

es

fons

, as
are
t of

site

ular

Note 3 to entry: Definition of “angular feature of size (feature of angular size)” is given in ISO 17450-1, the angle
dimension cannot be 0° or 180°.

Note 4 to entry: Angular features of size are of two types.

Revolute angular feature of size: a cone or a frustum. Two opposite straight lines are established from

a longitudinal section of a cone/frustum with a plane containing the associated axis of revolution of the
cone/frustum.

Prismatic angular feature of size: a wedge (truncated or not). Two opposite straight lines are established

from a cross section of a wedge/truncated wedge with a plane perpendicular to the intersection straight line

of thet

wo associated planes of the wedge/truncated wedge.

© ISO 2016 - All rights reserved
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Note 5 to entry: Figure 1 and Figure 2 illustrate angular features of size type wedge, cone, frustum and two lines.

Note 6 to entry: Figure 3a and Figure 3b illustrate the case of an angular feature of size and an angular distance
between two planes which is not an angular feature of size and shows that an angular feature of size exists when
the material directions are opposed (when one of the features is rotated around their intersection line to coincide
with the other feature, then the material is on the opposite sides for the two features). See also Annex B.

Note 7 to entry: Envelope requirement cannot be applied for angular features of size.

/
/
/
/
/
/

a) Wedge b) Cene
’
X
c¢) Truncated wedge d) Frustum

Figure 1 — Examples ofareal angular features of size

AN

AN

a) Two-opposite lines of a wedge b) Two opposite generatrix lines of a cone

Figure 2 — Examples of angular features of size

© IS0 2016 - All rights reserved 3
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>

Key
1  Featurs
2 Non-fed

3.2
local angu
local angu
angular siz

a) Example#1

of angular size
ture of angular size

Figure 3 — Examples of possible angular features.of.size

lar size
lar size characteristic

b) Example # 2

e characteristic having a unique value for a specificrlocation and a non-unique value along

and/or aro

Note 1 to enftry: For a given feature, an infinite number of logcal'angular sizes exists.

Note2toe

Note 3 to en
local anguld

nd the angular feature of size

ry: In Figure 4, an example of local angularsize is shown.

r size. See Annex A.

Lry: Two local angular size associationsican be specified: least squares local angular size and miniax

© ISO 2016 - All rights reserved
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real angular feature of size
associated planes with (1)
intersection straight line of (2)
perpendicular cross sectionjto (3)
two extracted lines

two associated straight lines

N O U1 W

two-line angular, size

Figure 4 — Two-line angular size

© IS0 2016 - All rights reserved 5
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Key

1 real angular feature of size ‘{\@
2 portionfof (1) $\'

3 associafed planes with (2) A’\Q)

4  interseftion straight line of (3) O

5 portionfangular size ’ C\)jr

N
Figurag) Portion angular size

3.2.1 C)O

two-line apgular size

local angular size betwee Cgo lines

angle between two assoc D\ straight lines established from two extracted lines obtained from
intersection with an in@ctlon plane defined from the associated angular feature of size

Note 1 to entry: See 4.

Note 2 to e tr& process for establishing the two-line angular size depends on the invariance class of
feature: rev urface or prismatic surface.

the

the

Note 3 to entry: The default specification operator defining the two-line angular size is described in Annex A.

3.2.11
two-line revolute angular size

two-line angular size (3.2.1) where the straight lines are associated with two extracted lines resulting

from the intersection of an extracted revolute feature with a plane containing its associated axis

Note 1 to entry: The axis of the associated revolute feature is the “directly associated median line” described in

1SO 22432:2011, 3.5.1.2.4.

6 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=3f2d3633e5742f5d0bf4e483da7f1658

3.2.

ISO 14405-3:2016(E)

1.2

two-line prismatic angular size
two-line angular size (3.2.1) where the straight lines are associated with two extracted lines resulting
from the intersection of two extracted surfaces with a plane perpendicular to their associated straight

line

3.2.
por

of intersection

2
tion angular size

global angular size (3.3) for a given portion of the extracted angular feature of size

Note 1 to entry: A portion angular size is a local angular size when taking into account the complete angular

feat]
Not

Not
(3.3

Not

3.3
glo
glo
ang

3.3
dir
dir

global angular size defined from one association on‘the angular feature of size

Not
size
the

Not

Not
parf

ire of size and a global angular size when taking into account only the specific portion.
p 2 to entry: See Figure 5.

e 3 to entry: A portion angular size can be a direct global angular size (3.3.1) or an indirect global
L2).

e 4 to entry: The operator for defining a portion is not covered by this part of IS0"14405.

pal angular size
pal angular size characteristic
ular size characteristic having one unique value for the entité toleranced angular featurg

1
ect global angular size
pct global angular size characteristic

e 1 to entry: If the angular feature of size is a ¢one, the associated feature is a cone. If the angul:
is a wedge, the associated features are a pajr of planes. One plane is associated independently to
vedge.

b 2 to entry: See Figure 6.

e 3 to entry: Different associatien criteria lead to different results. The association criteria desc
of ISO 14405 are the least squares criterion and minimax criterion.

angular size

 of size

r feature of
each side of

ibed in this

©IS

02016 - All rights reserved
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Key

1 real angular features of size

2 associafed planes with (1)

3 interseftion straight line of (2)

4  direct global angular size defined in a plane perpendicular to the interseetién straight line

Figure 6 — Direct global angular sizes

3.3.1.1
least squalres global angular size
direct globpl angular size using the least squares association criterion

Note 1 to enftry: See Figure 7 and Figure 9.

3.3.1.2
minimax global angular size
direct globpl angular size using the minimax association criterion

Note 1 to entry: See Figure 8 and Figure'10.

Note 2 to enptry: Figure 7 to Figlire 10 are the illustrations of two global angular sizes defined on the samejreal
angular feature of size.

8 © IS0 2016 - All rights reserved
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Key]

1 |real angular features of size

2 |associated planes with (1)

3 |intersection straight line of (2)
4 |least squares global angular size

Figure 7 — Least squares global angular size 3D view

© IS0 2016 - All rights reserved 9
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Key

1 real angular features of size

2 associafed planes with (1)

3 interseftion straight line of (2)
4  minimdx global angular size

Figure 8 — Minimax global angular size 3D view

e

Key

1 least squares global angular size

Figure 9 — Least squares global angular size 2D view

10 © IS0 2016 - All rights reserved
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3.3
ind
ind

ra
glo
and|

Not
size

Not

Not

Not
an ¢

4

For
and
ava
givd

The

Rul

ra:lk—order angular size
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minimax global angular size
Figure 10 — Minimax global angular size 2D view

2
irect global angular size
irect global angular size characteristic

k order angular size characteristic
al angular size defined mathematically from a homogeneous set of local size values obt3
or around the angular feature of size

e 1 to entry: A rank-order angular size can define a uniquewalue along and/or around the angul
from a local angular size for a portion or for the entire angular feature of size.

e 3 to entry: For further details on the subtypes of rank order size, see ISO 14405-1.

e 4 to entry: A rank-order angular size €an be, for example, the average of all two-line angular si
xtracted conical surface.

Specification modifiers and symbols

the purposes of this'part of ISO 14405, the specification modifiers and symbols given
Table 2 apply. To define in a dimensional specification a specific type of angular size ch3
lable for upper and/or lower limit specification, modifiers or symbols shall be used in th
nin Table 3 fse¢’also Annex C).

combination of these modifiers and symbols is described in Clause 5 and Clause 6.

s for\the presentation of graphical symbols are given in ISO 14405-1:2016, Annex A and

ined along

r feature of

e 2 to entry: A rank-order angular size can define a\local angular size from another local angullar size (for
example a rank order angular size from a two-line angular size taken in any portion).

ve values on

in Table 1
racteristic
e sequence

Annex E.

© ISO 2016 - All rights reserved
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Table 1 — Specification modifiers for angular size

Modifier Description

Two-line angular size with minimax
association criterion

Two-line angular size with least squares
association criterion

Global angular size with least squares asso-
ciation criterion

Global angular size with minimax associa-
tion criterion

(=]
M

988rEBeEr B 6 6l 6

Maximum angular sizea

Minimum angular sizea

Average angular sizea

Median angular sizea

Mid-range angular sizea

Range of angular sizesa

Standard deviation of angulaf. sizeab

a  Rank-order angular size can be used as a supplement to portion angular
size or global portion angular size or local angular size:

b SQ from root mean square.

Table 2 — General specificationmodifiers for angular size

Examples of indication

Descriptign Symbol - . - -
Prismatic angular feature of size | Revolute angular feature of $ize

Any restrigt-
ed portion pf
angular fea-
ture of sizp

/linear distance 35°+1°/15a 35°+1°/15a

Any restriqt-
ed portion fof
angular fea-

ture of sizp

/angular distance Not applicable 35° +1°/15°a

Specific fixpd

; SCS 45° +2°SCS Not applicable
cross sectipn

More than
one angular
feature of
size

Number x 2% 45° £2° 2x 45° £2°

Common
toleranced

feature of
angular size

Free-state
condition G 35°x1° ® 35°+1° ®
Between - 35°+ 1° A<«»B 35°+ 1° A<«»B

a  /linear distance applies to prismatic features of size and to revolute features of size along the axis of the revolute
feature. /angular distance applies to revolute feature of size.

b See SO 10579.

CT 2x 45° £2° CT 2x 45° +£2° CT

12 © IS0 2016 - All rights reserved
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Table 3 — Sequence of modifiers to refer to a specific angular size characteristic

association crite-
riona

Type of angular . —
size Subtype Addltlor.lal defini Associated modifiers
_— tion
characteristic
Two-line
angular size Wor
With least squares

Example: @) /25

YAL::l o
VVIUIT IITTITIIIIAd A

Indirect global
angular size

size based upon
local angular size

Lodal'angular size| Portion an- o )
gular size of lsilisosrtl)ac1atlon crite- Example: @ODr20
length L

Rank order angular
size of local angle; |Example:
angular size estab- /720N
lished on a portion
With least squares

Direct global |association criterion Example @)

angular size |With minimax asso- @

Global angular ciation criterion Example
size Rank order angular |Examples

WED
GB) /10 (SD)

a | For the second association operation, the first associatioopération is always defined by the least squareq criterion.

5 |Default specification operator for\angular size

5.1 General

When the basic GPS indication is uséed for angular size, the default specification operator
sizg applies. The default specifieation operator for angular size can be as follows:

Thd

fouy types;-see Table 4.

the ISO default GPS specification operator (see 5.2 and ISO 8015);
the drawing-specifio default GPS specification operator (see 5.3);

the altered défault GPS specification operator (see ISO 8015).

or angular

basic GPS, specification for angular size has no specification modifier attached and can be one of

© ISO 2016 - All rights reserved
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Table 4 — Different basic GPS specifications for angular size

GPS basic specification for angular size Examples

35°+1°
Nominal angular size + deviation limitsa 1

+ o

35°-2°

36°
Values of upper and lower limits of angular sizea 4o
Values of upper or lower limits of angular sizea 45° max 32° min

A nominal angular size which is neither indicated in brackets| 450 and
nor as a thgoretically exact dimension (TED) and a reference
to general folerancing in or near the drawing title blockb.

ISO 2768-f (in or near the drawing title block)

a2 Nomina

degrees/minutes/seconds).

b See ISOR768-1 for information on general tolerancing.

angular size and deviation limit should be indicated with the unit indication (decimal degreeq or

5.2 1ISO default specification operator for angular size

The ISO dé¢fault specification operator for angular size is the “two¢line angular size” with minimax

associatior

criterion, see also Annex A.

The ISO default specification operator for angular size applies’ when there is no indication on|the

drawing rdferring to another default specification for angulatsize as defined in 5.3.

If the two-line angular size is applied for both specifiedlimits, the modifier (O can be omitted.

See Figure|11 a) and Figure 11 b).

14

© ISO 2016 - All rights reserved
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X° +y°

Key

D U1 A W N

Inc
con

Thd
and

5.3

Wh
the

3 2

a) Indication b) Interpretation

real feature

associated feature with minimax criterion without material constraint
associated feature with minimax criterion with outside material constraint
associated feature with minimax criterion with inside maaterial constraint
two-line angular size

angular dimension

Figure 11 — ISO defaultspecification operator for angular size
hse of minimax criterion, there,isswo impact on the result of evaluation of angular size wh

Ktraint is used or not. See also.Figure 11.

tolerance applies to all cross sections where an angle exists along the two real integr
all such angles shall®e contained within the tolerance interval.

Drawing-specific default specification operator for angular size

bn a drawifig-specific default specification operator for angular size applies, it shall be iy
drawinghin or near the title block in the following order:

referénce to ISO 14405;

bn material

al surfaces

dicated on

— Tthe specificatton modifter(s) for the chosen defaultspectfication definition of angutarsize.

See

also Figure 12.

In order to specify different default specification operators for linear and/or angular size, it shall be
indicated before the reference to this International Standard by adding the words “linear size” and/or
“angular size”.

EXAMPLE “Angular size ISO 14405".

See

also Figure 12 and Figure 13.

© ISO 2016 - All rights reserved
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Angular size 150 14405 (LG)

/

yA

NOTE1 The default specification operator for angular size for this drawing is changed to the least squpres
angular sizq.

NOTE 2  The changed default specification operator is the default angular size, unless otherwis¢ stated.

NOTE 3  The default specification for this drawing applies to angular sizes only.

Figure(12 — Example of change of default specification operator for-angular size for the
entire drawing

To facilitate the reading of the drawing, it is possible to show all other types of modifiers used on|the
drawing by listing them in brackets after the specific default specification indication. See Figure 13

Angular size 150 14405 (GELG))
Linear size IS0 14405 (GQ), ((LG), (SD), ACS (SR))

Figure 13 — Example of change of default specification operator for both linear and angulgr
size for the entire drawing

6 Drawing indication

6.1 Drawing indication for special specification operators for angular size

A tolerance indication for angular size applies to one single complete feature of angular size. It is
possible to indicate

— the tolerance applies to any restricted part or a fixed restricted part of the feature of angular size, or

— the tolerance applies to more than one feature of angular size; see Figure 14 a) and Figure 14 b).

16 © IS0 2016 - All rights reserved
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defined
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Figlire 15).

ISO 14405-3:2016(E)

\\
'_
e pr—
&~
o @
+ o
S 1 ) o I
+
X °
5 / 5
& _/
/ d / d
a) Same requirement for two separate b) Common requirement for the/two
features of angular size features of angular size
evaluated individually considered as one (CT modifigr)
Figure 14 — Example of tolerance applied toomore than one angular feature of size

bn the [SO default specification operator fap,angular size does not apply, the tolerance
| include specification modifiers (see Table 1 and Table 2) indicating which special sy

rator(s) apply.

rules for sequence and indication-of modifiers (see Table 1 and Table 2) for angulal
pect those defined in ISO 14405-1:2016, Clause 6.

Indication of the toleranced feature on which the angular size characterist|

bn the toleranced. feature is the complete feature, no additional indication is nece

indication
ecification

" size shall

iC is

ssary (see

Figure 15 — Example of requirement for the complete angular feature of size

When the tolerance feature is a part of the complete feature, indications to define a cross-section or a
portion according to ISO 14405-1:2016, 7.2 to 7.3 shall be applied.

When a requirement applies individually to more than one angular feature of size, then rules about the
use of the modifier for the number of repeated features “nx” from ISO 14405-1:2016, 7.6 shall be applied.

When a requirement applies simultaneously to multiple angular features of size, considered as one,
then the CT modifier shall be applied in accordance with ISO 14405-1:2016, 7.7.

© ISO 2016 - All rights reserved
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ISO 14405-3:2016(E)

Annex A
(normative)

Association criteria for two-line angular size (for a revolute or

prismatic feature of size)

Two-line gngular size

Two sequeftial association operations are used to define a two-line angular size. See Table A:l.

a) To assgciate the real angular features of size with a feature of the same nature.

b) To asspciate the extracted lines (coming from intersection of the real angulap<features of

and thge intersection plane) with two straight lines. See Figure A.1 for an example with mini
criteripn.

For the fi

Kize
max

st association (a): the association criterion is the least squares association critefion

(without njaterial constraint, see Clause 3) for the two extracted surfages-of a prismatic feature of gize
(independgntly of each other) and for the extracted surface of a revolute-feature of size.

NOTE

The first association with a least squares criterion is to establish either a stable intersection lin

the prismatjc feature of size, see Figure 4, or a stable axis for the revélute feature of size.

For the se

criterion (default case) or a least squares associatiom:criterion (without material constraint,
Clause 3). The two lines are associated independently.gf’each other.

Key

1  extract¢d linés

2 associafed-ines

 for

ond association (b): the second association criterion can be either a minimax associafion

see

Figure A.1 — Two-line angular size: Second association with minimax criterion

Table A.1 — Symbols for two-line angular size

. L Second association
First association specification dependent
mandatory —
Minimax = default case Least squares
. . Least squares
Two-line angular size no symbol @) (@O)
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