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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft Interpational Starndards
adopted by the technical committees are circulated to the member bodies for voting: Publication fas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shiall not be held responsible for identifying any or all such patent rights:.

ISO 1101 wgs prepared by Technical Committee ISO/TC 213, Dimensional and geometrical product
specifications|and verification.

This third efition cancels and replaces the second edition.(ISO 1101:2004) and ISO 10578;1992.
Representatigns of specifications in the form of a 3D model have been added.

iv © 1SO 2012 — All rights reserved
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ISO1

Introduction

101:2012(E)

This International Standard is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO/TR 14638). It influences chain links 1, 2 and 3 of the chain of standards on
form, orientation, location and run out, and chain link 1 of the chain of standards on datums.

The ISO GPS Masterplan given in ISO/TR 14638 gives an overview of the ISO GPS system of which this
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different from

those used in previous edition of this International Standard. The former terms are indicated in the text
following the new terms, between parentheses.

For the purposes of this International Standard, the terms “axis” and “median plane” are used for derived
features of perfect form, and the terms “median line” and “median surface” for derived features of imperfect
form. Furthermore, the following line types have been used in the explanatory illustrations, i.e. those
representing non-technical drawings for which the rules of ISO 128 (all parts) apply.
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Feature level

Feature type

Details

Line type

Visible

Behind plane/surface

Nominal feature (ideal
feature)

integral feature

point
line/axis
surface/plane

wide continuous

narrow dashed

ideal feature

double-dotted

point narrow long dashed
derived feature line/axis narrow dashed dotted
dotted
face/plane
. surface wide freehand narrow freehand
Real feature integral feature .
continuous dashed
point
Extracted feat{ire integral surface line wide short dashed narrow short'dashed
surface
point
derived feature line wide dotted narrow dottgd
face
point wide doubled-dashed | narrow double-dashed
Associated fegture integral feature straight line

double-dottgd

point

leader and ref¢rence
lines

continuous narrow

derived feature straight line narrowJorig dashed wide dashe
double-dotted double-dottgd
plane
datum point line wide long dashed narrow long daghed
surface/plane double-short dashed | double-short dashed
Tolerance zong limits, line surface .
continuous narrow narrow dashed
tolerances planes
Slz%t;orgrglxis;rat'?anne line surfage narrow long dashed narrow dashed
P ! qp ' short dashed short dashef
aid plane
Extension, dinjension, line

narrow dashgd

Vi
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INTERNATIONAL STANDARD ISO 1101:2012(E)

Geometrical product specifications (GPS) — Geometrical
tolerancing — Tolerances of form, orientation,
location and run-out

IMPORTANT — The illustrations included in this International Standard are intended to |illustrate the
text and/or to provide examples of the related technical drawing specification; theseillUstrations are
not fylly dimensioned and toleranced, showing only the relevant general principles:

quality that is required for use in industry (in terms of full conformity with the standards| prepared by

As a ¢gonsequence, the illustrations are not a representation of a complete workpiece, an{ are not of a
ISO/TC 10 and ISO/TC 213), and as such are not suitable for projection for teaching purposes.

1 Scope

This Ipternational Standard contains basic information and gives.requirements for the geometrigal tolerancing
of worlkpieces.

It represents the initial basis and defines the fundamentals\for geometrical tolerancing.

NOTE Other International Standards referenced in«Clause 2 and in Table 2 provide more detailed|information on
geomgqtrical tolerancing.

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

ISO 1R8-24:1999, Techniecal drawings — General principles of presentation — Part 24: Lines gn mechanical
engingering drawings

ISO 1p60:1987 ~Technical drawings — Dimensioning and tolerancing of profiles

ISO 2592:2006, Geometrical product specifications (GPS) — Geometrical tolerancing — Maximum material
requiremeht (MMR), least material requirement (LMR) and reciprocity requirement (RPR)

ISO 5458:1998, Geometrical Product Specifications (GPS)— Geometrical tolerancing— Positional
tolerancing

ISO 5459:2011, Geometrical product specifications (GPS) — Geometrical tolerancing — Datums and datum
systems

ISO 8015:2011, Geometrical product specifications (GPS) — Fundamentals — Concepts, principles and rules

ISO 10579:2010, Geometrical product specifications (GPS) — Dimensioning and tolerancing — Non-rigid
parts

ISO 12180-1:2011, Geometrical product specifications (GPS)— Cylindricity — Part 1: Vocabulary and
parameters of cylindrical form

© 1SO 2012 — All rights reserved 1
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ISO 12180-2:2011, Geometrical product specifications (GPS) — Cylindricity — Part 2: Specification operators

ISO 12181-1:2011, Geometrical product specifications (GPS)— Roundness — Part 1: Vocabulary and
parameters of roundness

ISO 12181-2:2011, Geometrical product specifications (GPS) — Roundness — Part 2: Specification operators

ISO 12780-1:2011, Geometrical product specifications (GPS) — Straightness — Part 1: Vocabulary and

parameters of straightness

ISO 12780-2:2011,

Geometrical product specifications (GPS)— Straightness — Part 2: Specification

operators

ISO 12781-1:R011, Geometrical product specifications (GPS)— Flatness— Part 1. Vocabulary and
parameters of flatness

ISO 12781-2:p011, Geometrical product specifications (GPS) — Flatness — Part 2: Specification operatprs
ISO 14660-1:11999, Geometrical Product Specifications (GPS) — Geometrical features — Part 1: General
terms and definitions

ISO 14660-2:1999, Geometrical Product Specifications (GPS) — Geometrical features — Part 2: Exfracted
median line of a cylinder and a cone, extracted median surface, local size of\ah extracted feature

ISO 17450-2:—1, Geometrical product specifications (GPS) — Geneéral concepts — Part 2: Basic fenets,
specifications| operators and uncertainties

3 Terms and definitions

For the purpgses of this document, the terms and definitions given in ISO 14660-1 and ISO 14660-2 apd the
following apply.

31

tolerance zone

space limited by one or several geometrically perfect lines or surfaces, and characterized by a|linear
dimension, cglled a tolerance

NOTE Seeg also 4.4.

3.2

intersection plane

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

NOTE Theéuse of intersection planes makes it passible to define toleranced features independent of the view

3.3

orientation p

lane

plane, established from an extracted feature of the workpiece, identifying the orientation of the tolerance zone

NOTE 1

the tolerance zone independent of the TEDs (case of location) or of the datum (case of orientation).

NOTE 2

straight line) and the tolerance zone is defined by two parallel straight lines or two parallel planes.

1

To be published. (Revision of ISO/TS 17450-2:2002)

For a derived feature, the use of an orientation plane makes it possible to define the direction of the width of

The orientation plane is only used when the toleranced feature is a median feature (centre point, median

© 1SO 2012 — All rights reserved
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3.4

direction feature

feature, established from an extracted feature of the workpiece, identifying the direction of the width of the
tolerance zone

NOTE 1 The direction feature can be a plane, a cylinder or a cone.

NOTE 2  For a line in a surface, the use of a direction feature makes it possible to change the direction of the width of
the tolerance zone.

NOTE 3  The direction feature is used on a complex surface or a complex profile when the direction of the tolerance
value is not normal to the specified geometry.

NOTE 4 By default, the direction feature is a cone, a cylinder or a plane constructed from the datumof datum system
indicated in the second compartment of the direction feature indicator. The geometry of the direction featdire depends on
the gepmetry of the toleranced feature.

3.5
compound contiguous feature
featurp composed of several single features joined together without gaps

NOTE|1 A compound contiguous feature can be closed or not.

NOTE[2 A non-closed compound contiguous feature can be defined/by\the way of using the “begtween” symbol
(see 10.1.4).

NOTE[3 A closed compound contiguous feature can be defined'by the way of using the “all ground” symbol
(see 10.1.2). In this case, it is a set of single features whose intersection with any plane parallel to a collegtion plane is a
line orfa point.

3.6
collegtion plane
plane] established from a nominal feature on the'\workpiece, defining a closed compound contiguous feature

NOTE The collection plane may be required-when the “all around” symbol is applied.
3.7

theorgtically exact dimension

TED

dimension indicated on techhijcal product documentation, which is not affected by an individgal or general
tolerapce

NOTE|1 For the purpose of this International Standard, the term “theoretically exact dimension” has bgen abbreviated
TED.

NOTE[2 A theoretically exact dimension is a dimension used in operations (e.g. association, partition, cdllection, ...).

NOTE|3 ““A'theoretically exact dimension can be a linear dimension or an angular dimension.

NOTE4  ATED can define

— the extension or the relative location of a portion of one feature,
— the length of the projection of a feature,

— the theoretical orientation or location from one or more features, or

— the nominal shape of a feature.

NOTES5  ATED is indicated by a rectangular frame including a value.

© 1SO 2012 — All rights reserved 3
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4 Basic concepts

4.1 Geometrical tolerances shall be specified in accordance with functional requirements. Manufacturing
and inspection requirements can also influence geometrical tolerancing.

NOTE Indicating geometrical tolerances does not necessarily imply the use of any particular method of production,
measurement or gauging.

4.2 A geometrical tolerance applied to a feature defines the tolerance zone within which that feature shall
be contained.

be integral features (e.g. the external surface of a cylinder) or derived (e.g. a median line or median sufface).
See ISO 14660-1.

4.4 Accord|ng to the characteristic to be toleranced and the manner in which it is dimensionef, the
tolerance zong is one of the following:

— the space within a circle;

— the spacg between two concentric circles;

— the spacg¢ between two equidistant lines or two parallel straight lines;
— the space within a cylinder;

— the space¢ between two coaxial cylinders

— the space¢ between two equidistant surfaces or two parallel planes;
— the spacg within a sphere.

4.5 Unless|a more restrictive indication is required, for example by an explanatory note (see Figure 8), the
toleranced feature may be of any form or orientation within this tolerance zone.

4.6 The tolerance applies to the whole-extent of the considered feature unless otherwise specified as in
Clauses 12 and 13.

4.7 Geometrical tolerances (which are assigned to features related to a datum do not limit thg form
deviations of|the datum feature itself. It may be necessary to specify tolerances of form for the gdatum
feature(s).

4 © 1SO 2012 — All rights reserved
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5 Symbols

See Tables 1 and 2.

Table 1 — Symbols for geometrical characteristics

Tolerances Characteristics Symbol Datum needed Subclause
Straightness — no 18.1
Flatness 0 no 18.2
yan\
Roundness / no 18.3
Form
Cylindricity A no 18.4
Profile any line m no 18.5
Profile any surface [ no 18.7
Parallelism // yes 18.9
Perpendicularity J_ yes 18.10
Orienfation Angularity 4 yes 18.11
Profile any line K yes
Profile any surface [ yes
Position '49' yes or no 18.12
Concentricity (for centre points) © yes 18.13
Coaxiality (for axes) © yes 18.13
Location
Symmetry — yes 18.14
Profile any line m yes 18.6
Profile any surface [an yes 18.8
Circular fun-out / yes 18.15
Run-dut 77
Totalrun-out yes 18.16

© 1SO 2012 — All rights reserved 5
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Table 2 — Additional symbols

Description

Symbol

Reference

Toleranced feature indication

Clause 7

Datum feature indication

Clause 9 and ISO 5459

Datum target ipdication ISO 5459
Theoretically gxact dimension Clause 11
Median featurg Clause 7

Unequally disg

osed tolerance zone

Subclause 10.2

Between

Subclause 10.1.4

From ... to

Subclause 10.1.4

Projected toleffance zone

Clause 13

Maximum mat

brial requirement

Clause 14 and ISO 2692

Least material

requirement

Clause 15 and ISO 2692

Free state con

dition (non-rigid parts)

Clause 16 and ISO 10579

All around (prd

file)

Subclause 10.1

Envelope requ

rement

ISO 8015

Common zong z Subclause 8.5
Minor diametef LD Subclause 10.2
Major diametef MD Subclause 10.2
Pitch diameter] PD Subclause 10.2
Line element LE Subclause 18.9.4
Not convex NC Subclause 6.3
Any cross-section ACS Subclause 18.13.1

Direction feature

Subclause 8.1

Collection plane

Subclause 10.1.2

Intersection plane {E Clause 16
Orientation plane {//]8 D Clause 17

© 1SO 2012 — All rights reserved
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6 Tolerance frame

6.1 The requirements are shown in a rectangular frame which is divided into two or more compartments.
These compartments contain, from left to right, in the following order (see the examples in Figures 1, 2, 3, 4
and 5):

— first compartment: the symbol for the geometrical characteristic;

— second compartment: the width of the tolerance zone in the unit used for linear dimensions and
complementary requirements (see Clauses 7, 8, 10, and 12 to 16). If the tolerance zone is circular or
cylindrical, the value is preceded by the symbol “¢”. If the tolerance zone is spherical, the value is

preceded-by—-S¢~

—

Rird and subsequent compartment, if applicable: the letter or letters identifying the(datum or common
htum or datum system (see the examples in Figures 2, 3, 4 and 5).

[=1o1] efeot[alcfs]  [#fseor]a[s[c]  [Ofpo.1[a-8|

Rigure 1 Figure 2 Figure 3 Figure 4 Figure 5

Q.

6.2 |When a tolerance applies to more than one feature this shall be indicated above the tolergance frame by

the nymber of features followed by the symbol “x” (see the examples'in Figures 6 and 7).

6 x 6x®12+0,02
=
Figure 6 Figure 7

6.3 |If required, indications qualifying the form of the feature within the tolerance zone shall bg written near
the tolerance frame (see the example in.Figure 8).

=K

NC
NOTE See also Table 2.

Figure 8

6.4 |If it is.necessary to specify more than one geometrical characteristic for a feature, the reqyirements may
be givien.if tolerance frames one under the other for convenience (see the example in Figure 9).

— 0,01

//]0.06]8B]

Figure 9

6.5 If required, indications qualifying the direction of the tolerance zone or the extracted (actual) line or both
shall be written after the tolerance frame, e.g. use of intersection plane to indicate the direction of the
toleranced feature (see Clause 7), use of the orientation plane to indicate the orientation of the tolerance zone,
use of the direction feature to indicate the direction of the width of the tolerance zone (see Clause 8).

© 1SO 2012 — All rights reserved 7
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7 Toleranced features

A geometrical specification applies to a single complete feature, unless an appropriate modifier is indicated.
When the toleranced feature is not a single complete feature, see Clause 10.

When the geometrical specification refers to the feature itself (integral feature), the tolerance frame shall be
connected to the toleranced feature by a leader line starting from either end of the frame and terminating in
one of the following ways:

— In 2D annotation, on the outline of the feature or an extension of the outline (but clearly separated from
the dimension line) (see Figures 10 and 11). The termination of the leader line is

— an afrow if it terminates on a drawn line, or

— adoj (filled or unfilled) when the indicated feature is an integral feature and the leader line termjinates
within the bounds of the feature.

The arrowhedd may be placed on a reference line using a leader line to point to the surface (see Figure [12).

dot. When the surface is visible, the dot is filled out; when the surface is hidden the dot is not filled out

— In3D an{otation, on the feature itself [see Figures 10 b) and 11 b)]. The termination of the leader line is a
and the Igader line is a dashed line.

The termjnation of the leader line may be an arrow placed on a reference line using a leader line t¢ point
to the sufface [see Figure 12 b)]. The above rules for the dot terminating the leader line also apply |in this
case.

— 1]

a) 2D b) 3D

Figure 10

a) 2D b) 3D

Figure 11

8 © 1SO 2012 — Al rights reserved
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@@

a) 2D b) 3D

Figure 12

When| the tolerance refers to a median line, a median surface, or a median point (derived |feature), it is
indicated either

by the leader line starting from either end of the tolerance frame.ferminated by an arrow on|the extension
of the dimension line of a feature of size [see the examples.in Figures 13 a), 13 b), 14 a), 14 b), 15 a) and
1p b)], or

/ a modifier @ (median feature) placed at the rightniost end of the second compartment of the tolerance
reme from the left. In this case, the leader line starting from either end of the tolerance frame does not
Hve to terminate on the dimension line, but can'4erminate with an arrow on the outline of the feature [see
gures 16 a) and 16 b)].

|
=5 T

T >

2

! [ Q
1
|~

a) 2D b) 3D

Figure 13

a) 2D b) 3D

Figure 14

© 1SO 2012 — All rights reserved 9
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a) 2D b) 3D

Figure 15

a) 2D b) 3D

Figure 16

If needed, ar| indication specifying the type of(feature (line instead of a surface) shall be written negr the
tolerance frame (see Figures 103 and 104).

NOTE WHen the toleranced feature is-a_line, a further indication may be needed to control the orientation| of the
toleranced featlire, see Figure 97 for the case of a median line and Figure 103 for the case of an integral line.

8 Tolerance zones

8.1 The tolerance zone is positioned symmetrically from an ideal feature unless otherwise indicated
(see 10.2). The tolerance value defines the width of the tolerance zone. This width applies normal ffo the
specified geometry\(see Figures 17 and 18) unless otherwise indicated (see Figures 19 and 20).

NOTE Thé—ocrientation-alone of the leader line does not-influence-the definition of the tolerance Zone,excep in the
case where the orientation of the leader line and therefore the direction of the width of the tolerance zone is indicated by a
TED [see Figures 19 a) and 19 b), and 8.2].

10 © 1SO 2012 — All rights reserved
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Drawing indication

Figure 17

@  Datum A.

Drawing indication

a) 2D

—

/

El

Interpretation

Figure 18

a'(‘e mt.. . at(“ mn

b) 3D

© 1SO 2012 — All rights reserved
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NOTE 1 When the datum feature identified by the tolerance frame is the same as the feature establishing the direction
feature, then the direction feature can be omitted.

NOTE 2  In Figure 19, the theoretical shape of each toleranced feature is a circle. The straight segments are inclined by
the angle alpha. This generates a set of tolerance zones which are conical sections with a fixed angle along the surface.

When a direction feature is indicated as shown in Figure 19, the width of the tolerance zone is defined by an
infinite set of straight segments, inclined in the direction indicated by the direction feature indicator. Each of
these segments has a length equal to the tolerance value and has its midpoint located on the theoretical
shape of the tolerance zone by default.

The tolerance value is constant along the length of the considered feature, unless otherwise indicated by a
graphical ind[cation, defining a proportional variation from one value o another, befween two spécified
locations on the considered feature, identified as given in 10.1.4. The letters identifying the locatiofis are
separated by [an arrow (see Figure 21 for restricted parts of a feature). The values are related to-the spécified
locations on the considered feature by the letters indicated over the tolerance frame (e.g. in Figure 21, the
value of the tplerance is 0,1 for location J and 0,2 for location K). By default, the proportional variation fpllows
the curvilineaf distance, i.e. the distance along the curve connecting the two specified locatiohs.

a8  Datum A.

Interpretation

Figure 20

K

Figure 21
The angle « shown in Figure 19 shall be indicated, even if it is equal to 90°.

In the case of roundness, the width of the tolerance zone always applies in a plane perpendicular to the
nominal axis.

12 © 1SO 2012 — Al rights reserved
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8.2 In the case of a median feature (centre point, median line, median surface) toleranced in one direction:

— In 2D view, when the direction of the width of a tolerance zone is at 0° or 90° relative to the datum or
relative to the pattern of the theoretically exact dimensions without using an orientation plane, the arrow
of the leader line gives this direction (Figures 22, 23 and 24). In other cases, an orientation plane shall be
used.

Figure 22

n 3D view, when the direction of the width of a tolerance zone is to be specified relative tg the datum or
r¢lative to the pattern of the theoretically exact dimensions, an orientation plane shall b¢ indicated to
determine this direction [see Figure 23 b)].

hen two tolerances are stated, they shall'be’ perpendicular to each other unless otherwise gpecified (see
He examples in Figures 23 and 24).

|
==

a8

Drawing indication

a) 2D b) 3D

Figure 23

© 1SO 2012 — Al rights reserved 13
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a) Tolerance 0,1

a  Datum A.
b Datum B.

Interpretation

b) Tolerance 0,2

8.3 The tolerance zone is cylindrical (see the examples_in Figures 25 and 26) or circular if the tolgrance

value is precgded by the symbol “¢” or spherical if it is preceded by the symbol “S¢”.

Drawing indication

Figure 25

14

e

| b

A

Datum A.

Interpretation

Figure 26

© 1SO 2012 — All rights reserved
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8.4 Individual tolerance zones of the same value applied to several separate features may be specified (see
the example in Figure 27).

g

d

pm

Figure 27

8.5 |Where a common tolerance zone is applied to several separate features, this common requirement
shall e indicated by the symbol “CZ ” for common zone following the tolerance,in the tolerance frame [see the
examples in Figure 28 a)].

Wherg¢ several tolerance zones (controlled by the same tolerance framg) are applied simultaneodsly to several
separate features (not independently), to create a combined zong) the requirement shall be indicated by the
symb¢l “ CZ ” for common zone following the tolerance in the toletance frame [see the example ir Figure 28 b)]
and ap indication that the specification applies to several features [e.g. using “3 x” over the tolerance frame
(see §.2), or using three leader lines attached to the toleran¢e frame (see 8.4)].

Wher¢ (Z is indicated in the tolerance frame, all the related individual tolerance zones shall be gonstrained in
locatign and in orientation amongst themselves\“using either implicit (0 mm, 0°, 90°, etg.) or explicit
theorgtically exact dimensions (TED).

[7)101 (Z

L] o1 ]

Figure 28
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9 Datums

9.1 Datums shall be indicated as given in the examples in 9.2 to 9.5. For additional information, see
ISO 5459.

NOTE At the next revision of this International Standard, this clause will be moved to ISO 5459.

9.2 A datum related to a toleranced feature shall be designated by a datum letter. A capital letter shall be
enclosed in a datum frame and connected to a filled or open datum triangle to identify the datum [see the
examples in Figures 29 a), 29 b), Figures 30 a) and 30 b)]; the same letter which defines the datum shall also
be indicated in the tolerance frame. There is no difference in the meaning between a filled and an open datum
triangle.

:

a) 2D b) 3D

Figure 29

a) 2D b) 3D

Figure 30

9.3 The dajum triangle with the datum |etter shall be placed:

— in 2D anpotation, on the outline-of-the feature or an extension of the outline (but clearly separated from
the dimepsion line), when the_datum is the line or surface shown (see the example in Figure 31); the
datum triangle may be placed’on a reference line using a leader line to point to the surface (s¢e the
example jin Figure 32);

a) 2D b) 3D

Figure 31

16 © 1SO 2012 — All rights reserved
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a) 2D

b) 3D

Figure 32

3D annotation, when the datum is established from a datum featureswhich is not a featu
atum feature indicators shall not be in extension of a dimension line fsee Figure 31 b)and
nd shall be indicated in one of the following ways:

For a visible feature:

on the feature itself, or

on a reference line using a leader line terminated by a filled dot to point to the featu

For a non-visible feature:

on a reference line using a dashed leader line terminated by an unfilled dot t
feature, or

on an extension linestangential to the feature and perpendicular to an outline g
which is clearly separated from the borders of the feature.

5 an extension of the-dimension line, when the datum is the axis or median plane or a po
e feature so dimensioned [see the examples in Figures 33 a) to 35 a) for 2D annotation a
to 35 b) for 3Dyannotation], if there is insufficient space for two arrowheads, one of
placed by the~datum triangle [see the examples in Figures 34 a) and 35 a) for 2D a

gures 34 b)\and 35 b) for 3D annotation].

od

<

101:2012(E)

re of size, the
Figure 32 b)],

re;

point to the

f the feature,

int defined by
nd Figures 33
them may be
hnotation and

~ [

a) 2D

b) 3D

Figure 33

© 1SO 2012 — All rights reserved
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a) 2D

Figure 34
a) 2D

Figure 35

9.4 If a datym is applied to a restricted part of a feature only, this restriction shall be shown as a widg, long
dashed-dotted line and dimensioned (see the example in Figure 36). See ISO 128-24:1999, Table 2, 04 2.

D E—

_ 7 \

2 e~

\n-f
N
v7

:2
P
P

Figure 36
9.5 A datum established by a single feature is identified by a capital letter (see Figure 37).

A common datum established by two features is identified by two capital letters separated by a hyphen (see
the example in Figure 38).

Where a datum system is established by two or three features, i.e. multiple datums, the capital letters for

identifying the datums are indicated in an order of priority, from left to right, in separate compartments (see the
example in Figure 39).
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Figure 37 Figure 38 Figure 39

10 Supplementary indications

10.1

10.1.1

When
indica

|
)

|
o

|
®

10.1.2

Indications of a compound or restricted toleranced feature

—General

101:2012(E)

the toleranced feature is a portion of a single feature, or a compound contiguous feature, t
fed either as

contiguous, closed feature (single or compound), see 10.1.2,
restricted area of a single surface, 10.1.3, or

contiguous, non-closed feature (single or compound), see 10.1.4.

All around — Contiguous, closed toleranced feature

hen it shall be

If a r¢quirement applies to a closed compound contiguous surface defined by a collection plane, the “all

aroun
tolera

after the tolerance frame [see Figures 40 b) and 41 b)) In 2D annotation, the collection plane ¢
| to the projection plane in which the specification is indicated. An all-around requirement applies only to

parall
the sy

If a ref
collec
the to

H” modifier (“O”) shall be placed on the intersection<é6f the leader line and the referen
nce frame. In 3D annotation, a collection plane indieator identifying the collection plane s

rfaces represented by the outline, not to thé)entire workpiece (see Figure 41).
quirement applies to the set of line_elements on the closed compound contiguous surface

ion plane), an intersection plane indicator identifying the intersection plane shall also be pl
erance frame and the collection plane indicator in 3D annotation [see Figure 40 b)].

Ce line of the
hall be placed
an be implicit

(defined by a
aced between

© 1SO 2012 — All rights reserved
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<=

NOTE WHen using the symbol of profile of any line, if the interseetion plane and the collection plane are the|same,
the collection pJane symbol can be omitted.

b) 3D

Figure 40

20 © 1SO 2012 — All rights reserved
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NOTE The long dashed short dashed line indicates the considered features. Surfaces a@nd b are ngt considered in
the spgcification.

a) 2D

K@Q

b) 3D

Figure 41

10.1.3 Restricted areatoleranced feature

In 2D| annotation, the surface portions involved shall be outlined by a long-dashed dotted|wide line (in
accorglance with JISO 128-24) (see Figures 53 and 54).

In 3D |annetation, the leader line starting from either end of the tolerance frame shall terminate|on a hatched
area, jndicating the surface portions involved whose location and dimensions shall be defined py TEDs (see
Figure 42).

The restricted area is defined either

— by its border indicated as a long-dashed dotted wide line (in accordance with ISO 128-24 type 04.2),

— by its corner points, indicated as crosses on the integral feature (the location of the points being defined
by TEDs), identified by capital letters and leader lines terminated by an arrow. The letters are indicated
above the tolerance frame with a “between” symbol between the last two, see Figure 42 b). The border is
formed by connecting the corner points with straight segments,

— by two straight border lines identified by capital letters and leader lines terminated by an arrow (the
location of the border lines being defined by TEDs).
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The tolerancs

(e.g. by using
10.1.4 Conti

If a toleranc
contiguous fi

represented |

by identifying

The points or
connected to

integral featufe, its location shall be indicated by TEDs.

The between
toleranced fe
start and the

In order to cl

toleranced feature by a leader’line starting from either end of the frame and terminating with an arrowhs
the outline of
placed on a re¢ferenceiline using a leader line to point to the surface.

22

!

Figure 42

requirement applies to each surface or line element independéntly, unless otherwise sp
a CZ symbol).

juous, non-closed toleranced feature

applies to one identified restricted part of a feature or to contiguous restricted p3
atures, but does not apply to the entire outline of the cross-sections (or entire s
y the outline), this restriction shall be indicated-Using the symbol “«—»" (called “between
the start and the end of the toleranced feature.

lines that identify the start and end of.the toleranced feature are each identified by a capita
it by a leader line terminating with(an*arrowhead. If the point or line is not at the boundary

symbol “«—" is used between two capital letters that identify the start and the end
ture. This feature (compound toleranced feature) consists of all segments or areas betwe
nd of the identified features or parts of features.

parly identify the\toleranced feature, the tolerance frame shall be connected to the com

the compeund toleranced feature (see the example in Figure 43).The arrowhead may a

bcified

rts of
urface
") and

letter
of an

of the
en the

pound
ad on
so be
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Ja—»K

~— K

A
=}

i

J

fe

To av

ature Is the upper surface starting at line J

and finishing at line K Surfaces a, b, ¢ and the lower part

covered by the specificati

Figure 43

pid problems of interpretation regarding the considered nominal feature (see Figure 44),

d are not

il

b) lllustration: the long-dashed dotted line
represents the toleranced feati're —

the start and

end of the feature shall be indicated as shown in Figure 44.
J e
.. J(+0,2
) . Il
J Ny ;22;
a) Sharp edge b) Rounded junction c) Off-set from corner d) Combination with
or corner (tangent continuity) or edge (with TED) an edge indication
according tq ISO 13715
Figure 44
If the folerance value is variable along the considered compound toleranced feature, the symbao| “—" (called
“from | .. to”) shall be used instead of “between” (see 8.1).
If the [same specification.iS’applicable to a set of compound toleranced features, this set carn be indicated
abovd the tolerance franie, placing one element above the other (see the example in Figure 45).
| -—>M
J-K
T—
J M
K L 3x_[J—K]
\i r ale] )
- K

Figure 45
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If all the compound toleranced features in the set are defined identically, it is possible to simplify the indication
of this set, using the “n x” indication (see 6.2). In this case, the indication of the letters identifying the start and
end shall be placed in square brackets.

The rule defined in Clause 8 regarding the common zone indication also applies to defining a common
compound tolerance zone (see the example in Figure 46).

| -+—»M
J-—K

=[]

'\ K L M

A v

HRRENN

Figure 46

10.2 Indication of an unequally disposed tolerance zone

If the tolerange zone is not centred on the theoretically exact geometrical form, then this unequally disposed
tolerance zong shall be indicated using the UZ modifier as shown inEigure 47.

|o[2,5 Uz [0,25]]

Key

1 theoretica| profile in this example, the material is below the profile
2 sphere to defimetheoffsettheoreticatprofite

3 sphere to define the tolerance zone

4 limits of the tolerance zone

Figure 47 — Unequally disposed tolerance zone indication

The extracted (actual) surface shall be contained between two equidistant surfaces enveloping spheres of
defined diameter equal to the tolerance value, the centres of which are situated on a surface corresponding to
the envelope of a sphere in contact with the theoretically exact geometrical form and whose diameter is equal
to the absolute value given after UZ with the direction of the offset indicated by the sign, the “+” sign indicating
“out of the material” and the “-” sign “into the material”.
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10.3 Indications for screw threads, multiple splines and gears

Tolerances and datums specified for screw threads apply to the axis derived from the pitch cylinder, unless
otherwise specified, e.g. “MD ” for major diameter and “ LD ” for minor diameter (see the examples in
Figures 48 and 49). Tolerances and datums specified for muliple splines and gears shall designate the
specific feature to which they apply, i.e. “PD” for pitch diameter, “MD ” for major diameter or “LD " for minor
diameter.

¢]s0.1]a]B]
MD ;

Figure 48 Figure 49

11 Theoretically exact dimensions (TED)
If tolgrances of location, orientation or profile are prescribed\for a feature or a group of|features, the
dimensions determining the theoretically exact location, “Orientation or profile respectively are called
theoragtically exact dimensions (TED). TED can be explicit ofZimplicit.

TED glso apply to the dimensions determining the relative orientation of the datums of a system.

TED ghall not be toleranced. They are to be enclosed in a frame (see the examples in Figures 50 and 51).

8 x @15 Hi

en A[o]

= | | 6|

Figure 50 Figure 51

12 Restrictive specifications

12.1 If a tolerance of the same characteristic is applied to a restricted length, lying anywhere within the total
extent of the feature, the value of the restricted length shall be added after the tolerance value and separated
from it by an oblique stroke [see the example in Figure 52 a)]. If two or more tolerances of the same
characteristic are to be indicated, they may be combined as shown in Figure 52 b).
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0,1
—J0,05/200] ~0,05/200

a) b)

Figure 52

12.2 If a tolerance is applied to a restricted part of a feature only, this restriction shall be shown as a long-
dashed dotted wide line and dimensioned using theoretically exact dimensions [see the examples in
Figures 53 a), 53 b), 54 and 55]. If this restriction is shown as a surface, it shall also be hatched [see the
examples in Higures 53 b), 54 and 55].

NOTE Seg ISO 128-24:1999, Table 2, 04.2, for the definition of the long-dashed dotted wide line.

A
L. |
L=/

1

o=l =

a) 2D b) 3D
Figure 53
[0
[7]0,02
w /
N \//
A s
J/ /=
I
4 22
Figure 54 Figure 55

12.3 Restricted part of a datum (see 9.4).

12.4 Restrictions to the form of a feature within the tolerance zone are given in 6.3 and Clause 7.
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13 Projected tolerance zone

The symbol ® after the tolerance value in the second compartment of the tolerance frame indicates a

projected tolerance; see Figures 56 a) and b). In this case, the toleranced feature is either a portion of the
extended feature or its derived feature (see Table 3 and Clause 7).

The extended feature is an associated feature constructed from the real feature. The default association
criterion for the extended feature is a minimized maximum distance between the indicated real feature and the
associated feature with the additional constraint of external contact of material.

Table 3 — Feature toleranced with the projected tolerance modifier

The leader line from the tolerance frame points Toleranced feature
On a ¢ylinder (but not in extension of a dimension line) Portion of the associated cylinder
In exténsion of a dimension line of a cylinder Portion of the axis of the associated cylinder
On a plane (but not in extension of a dimension line) Portion of the associated plané
In exténsion of a dimension line of two opposite parallel Portion of the median plane of two associated parallel planes
planes

The limits of the relevant portion of this extended feature shall be clearly defined and shall be indicated either
directly or indirectly, as follows.

When| indicating the projected tolerance length directly on-the drawing by a “virtual” infegral feature
repregenting the portion of the extended feature to be considered, this virtual feature shall be indicated by use
of a Idng-dashed double-dotted narrow line, and the length'of the extension shall be indicated wi|th the symbol
® prigr to the Theoretically Exact Dimension (TED) value. See Figure 56 a).

When|indicating the length of the projected toleranced feature indirectly in the tolerance frame, the value shall
be indicated after the symbol ). See Figure 56 b). In this case the representation of the extenddd feature with
a long-dashed double-dotted narrow line_shall be omitted. This indirect indication concerns only blind holes.

® [25]
B mmm—

, el ] 7 0 @] |

a) Direct indication of the length b) Indirect indication of the length of the projected
of the extension by a TED toleranced feature in the tolerance frame

Figure 56 — Two ways of indicating a geometrical specification with projected tolerance modifier
The origin of the projected feature is constructed from the reference plane. To define the reference plane, it is
necessary to look for the first plane intersecting the considered feature. See Figure 57. This real feature shall

be considered to define the reference plane. The reference plane is an associated plane to this real feature
constrained to be perpendicular to the extended feature. See Figure 59.
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Key
1 reference

A

\

A
A Lrpnes

surface defining the start of the toleranced feature

By default, th
corresponds {

If the origin of
as follows.

— When di

Figure 5§.

— When ing
extended
distance
between
and the n

Figure 57 — Reference surface of the projected feature

b origin of the projected feature corresponds to the location of the reference plane, and th
p the shift of the projected feature's length from its origin in the outside materials-direction.

the projected feature is displaced from the reference surface by an offset,-this shall be ind
ectly indicated, the offset shall be specified by a theoretically exact dimension (TED

irectly indicated, the first value after the modifier indicatesithe distance to the farthest limit
feature and the second value (offset value), which ig’preceded by a minus sign, indicat
to the nearest limit of the extended feature (the length of the extended feature is the diffq
these two values), e.g. ¢ t ® 32-7; see Figure §9. An offset value of zero shall not be ind
hinus sign shall be omitted in this case; see Figtire 56.

7] _®f]
|

'

| [ot®] |

igure' 58 — Example of direct indication of a projected tolerance with an offset

e end

icated

, See

of the
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]

8

Key
tension line

D

dference surface

a » ON =
S T3

a3

and 10)
agsociated reference surface

5

tegral surface
bsociated feature

- =2 O 0o N O
o D

- O
[e]

ojected toleranced feature

©

~_ L

a) Drawing indication

gader line connected to the tolerance frame

6 10

ngth of the projected toleranced feature, in this case 25 mm (= 32 - 7)
fset of the projected toleranced feature from,the reference surface, in this case 7 mm

b) Meaning

A

9

dication defining that the type of the toleranced feature is a median/feature (equivalent to the modifief &)
odifier defining that the tolerance applies to a portion of an extended feature and is limited by the information

Figure 59 — Example ofindirect indication of a projected tolerance with an offset

The nodifier ) may be used with other types of specification modifiers as appropriate; see Figlire 60.

o0, 2®25 ®| |

7

A

1

345

Key
1 extension line

Y

leader line connected to the tolerance frame

3  modifier defining that the tolerance applies to a portion of an extended feature and is limited by the subsequent

information (4)

4 length of projected toleranced feature, in this case 25 mm

5 maodifier defining that the type of the toleranced feature is a median feature

Figure 60 — Example of use of a projected tolerance zone together with a median modifier
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14 Free state condition

The free state condition for non-rigid parts shall be indicated by the specification modifier symbol ® placed
after the specified tolerance value (see the examples in Figures 61 and 62). See 1SO 10579 for additional

information.

0,025
Ol25 ©) ENG
Figure 61 Figure 62

Several speci
frame (see th

15 Interrel
For functiona
feature. Certs
types of devis

Location tole
feature, and n

Orientation to

Form tolerang

16 Interse

16.1 Role of intersection planes

Intersection p
specification

fationship of geometrical tolerances

fication modifiers, ®, ™, ©, ® and Z, may be used simultaneously in the same tole
b example in Figure 63).

l4-[20,12 ®|A O]

Figure 63

reasons, one or more characteristics can be tolerancéd to define the geometrical deviatior
in types of tolerances, which limit the geometrical deviations of a feature, can also limit
tions for the same feature.

ances of a feature control location deviation, orientation deviation and form deviation
ot vice-versa.

erances of a feature control orientation and form deviations of the feature and not vice-ver:

es of a feature control only‘form deviations of the feature.

ction planes

anes shall be used in 3D annotation when the projection plane is involved in the meaning
n 2D ‘annotation, e.g. straightness of a line in a plane, profile of any line, orientation of

rance

sofa
other

of the

of the
a line

element of a feature (LE ), “all around” specification for lines or surfaces. Intersection planes may also b¢ used

for convenien

ce in 2D annotation.

16.2 Features to be used for establishing a family of intersection planes

Only surfaces belonging to one of the following invariance classes shall be used to establish a family of
intersection planes (see ISO 17450-1):

30

revolute (e.g. a cone or a torus);
cylindrical (i.e. a cylinder);

planar (i.e. a plane).
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16.3 Graphical language

The intersection plane is specified through an intersection plane indicator placed as an extension to the
tolerance frame (see Figure 64):

(/18] {L]e] {=]8]

Figure 64 — Intersection plane indicator

The symbol defining how the intersection plane is derived from the datum is placed in the first compartment of
the intersection plane indicator. The symbols stand for:

The l6
of the

16.4

/ parallel;
il

perpendicular;

- including.

intersection plane indicator.

Rules

For ggeometrical specifications that include intersection plane indicators, the following applies.

When
annot

circulgrity of a cylinder or a cone.

The iptersection plane is established parallel “to, perpendicular to, or including the datum

inters

indicafe datums.

When

perpe
an ex

applie

The gossible interseCtion planes are given in Table 4. They depend on the datum used to
intersg¢ction plane and how the plane is derived from this datum (as defined by the symbol indica

Table 4 — Application cases of intersection plane

tter identifying the datum used to establish the intersection plane is placed in the second

compartment

the toleranced feature is a line on an integral feature, an intersection plane shall be indicated in 3D
btion to avoid misinterpretation of the toleranced feature, except in the case of generatrix straightness or

given in the

pction plane indicator, without additional orientation constraints, when the tolerance frgme does not

the tolerance frame indicatesione or more datums, then the intersection plane is established parallel to,
hdicular to, or including the datum indicated in the intersection plane indicator with constraints (0°, 90° or
blicitly stated angle) frem:the datum(s) of the tolerance frame. The datums in the tolerapce frame are
d in the specified order-before the datum given in the intersection plane indicator is establighed.

establish the
ed).

Intersection plane

—indicated-datum
Parallel to Perpendicular to Including
Axis of revolute surface (cylinder or cone) Not applicable OKP OoKd
Plane (integral or median) OoKa OK¢ Not applicable

Other type

Not applicable Not applicable

Not applicable

a
b
c

d

See Figure 65.
See Figure 66.
See Figure 67.
See Figure 68.
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Figure 65

@/A

Figure 67

=01 (@
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[
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Figure 66

~eala) ETA]

Figure 68

A datum featdire indicator and an interseetion plane indicator located to the right of the tolerance fram¢ shall
icate an intersection plane,;as shown in Table 5.

be used to ing

Tabl

b 5 — Indication relative to a geometrical specification using an intersection plane

Tolerance frame

Intersection plane indicator

Datum feature indicator

r

11 I

a)

b)

c)

symbol.

The intersection plane indicator (b) shall be placed 1o the right of the tolerance frame (a). The Intersection plane in
shall indicate a datum letter in the second compartment. In the first compartment, a symbol is placed (parallel,
perpendicular or symmetrical) and indicates how the intersection plane is related to the datum.

The datum corresponding to the datum letter allows the intersection plane to be built in accordance with the specified

The datum is defined from the datum feature identified by the datum feature indicator (c).

icator

32
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17 Orientation planes

17.1 Role of orientation planes

Orientation planes shall be used in 3D annotation when

— the toleranced feature is a median line or a median point, and

— the width of the tolerance zone is limited by two parallel planes, and

— the tolerance zone is oriented from another feature, established from an extracted feature of the
workpiece, identifying the orientation of the tolerance zone.

Orienfation planes may also be used for convenience in 2D annotation.

NOTE|1 For a derived feature, the use of an orientation plane makes it possible to defing ‘the direction of the width of
the tolérance zone independent of the nominal model (case of location) or of the datum (case of orientation).

NOTE[2 For aline in a surface, the use of an orientation plane makes it possible.to-change the direction) of the width of
the tolgrance zone.

17.2 [Features to be used for establishing orientation planes

Only psurfaces belonging to one of the following invariance, classes shall be used to establish orientation
planes$ (see ISO 17450-1):

— revolute (e.g. a cone or a torus);

|
Q

lindrical (i.e. a cylinder);

anar (i.e. a plane).

|
©

17.3 |Graphical language

The Qqrientation plane is specified through an orientation plane indicator placed as an extgnsion to the
tolerapce frame (see Figure 69):

isp Lsp 8D

Figure 69 — Orientation plane indicator

The ofientation symbol for parallelism, perpendicularity or angularity is placed in the first compartment of the
orientation.plane indicator.

The letter identifying the datum used to establish the orientation plane is placed in the second compartment of
the orientation plane indicator.

17.4 Rules

An orientation plane shall be indicated in 3D annotation when

— the width of the tolerance zone is not normal to the specified geometry, or

— the toleranced feature is a point, or a median line toleranced in one Cartesian direction.

For geometrical specifications that include orientation plane indicators, the following applies.
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The orientation plane is established parallel to, perpendicular to, or at a defined angle from the datum
indicated in the orientation plane indicator as follows:

— when the orientation plane is defined with an angle different from 0° or 90°, the angularity symbol shall be
used and an explicit theoretical angle shall be defined between the orientation plane and the datum of the
orientation plane indicator;

— when the orientation plane is defined with an angle equal to 0° or 90°, the parallelism symbol or
perpendicularity symbol shall be used respectively.

When the tolerance frame indicates one or more datums, then the orientation plane is established parallel to,
perpendicu|ar to,or at a defined nngln from a Ir_\lnnm defined hy the grientation Ir_\lnnn indicator with constraints
(an implicit argle of 0° or 90° or an explicit stated angle defined by a TED) from the datum(s) of the tolgrance
frame. The dptums in the tolerance frame are applied in the specified order before the plane given |in the
orientation plane indicator is established.

The possible| orientation planes are given in Table 6. They depend on the datum used to establish the
orientation pldne and how the plane is derived from this datum (as defined by the symbol indicated).

Table 6 — Application cases of orientation plane

Orientation‘plane
Indicated datum
Parallel to Perpendicular to Inclined to

Axis of revolutg surface (cylinder or cone) Not applicable OK OK
Plane (integral or median) OK OK OK
Other type Not applicable Not applicable Not applicable
Examples arg given in Figures 70 and 71.

1o A (L8P

\

-

[
\

Figure 70
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//
//[02]A

NOTE
necess

ary.

The above example is in 2D and the orientation plane indicators can be omitted, but in 3D anng

Figure 71

tation, they are

A datym feature indicator and an orientation plane indicator located to the right of the tolerance frame shall be

used {

0 indicate an orientation plane, as shown in Table 7.

Table 7 — Indication of an orientation plane

Dat

Im feature indicator

Orientation plane indicator

Indication of geometrical s
using an orientation

pecification
plane

(L[AD

The orientation plane indicator shall indicate
the datum from which thé ‘orientation plane
will be built, by a datum letter in its second
compartment, and.how the orientation of the
tolerance zone (relates to the datum
(parallel, perpendicular or inclined) by a
symbol plaeed”in its first compartment. In
the case.af.an angle different from 0° or 90°,
the angularity symbol shall be used and an
explicit” theoretical angle shall be defined
between the orientation plane and the
datum.

[AD

l—1|||<IJ

The orientation plane indiG

placed to the right of the tolerance frame

ator shall be

18 O

An ey

efinitions of geometrical tolerances

planation based on examples of the various geometrical tolerances and their toleran

ce zones are

5 which relate

provi
to the

© 1SO 2012 — All rights reserved
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18.1 Straigtness tolerance (see ISO 12780-1 and ISO 12780-2)

Dimensions in millimetres

Symbol Indication and explanation
Any extracted (actual) line on the upper surface, parallel to the plane of projection (2D) or datum plane A, as
specified by the intersection plane indicator (3D), shall be contained between two parallel straight lines 0,1
apart.
o
a) 2D
IR viry
b) 3D
Figure 72
Definition of the tolerance zone
THe tolerance zone, in the conSidered plane, is limited by two parallel straight lines a distance ¢ apart pnd in
th¢ specified direction only,
2 Any distance.
Figure 73
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Dimensions in millimetres

Symbol

Indication and explanation

Any extracted (actual) generating line on the cylindrical surface shall be contained between two parallel

planes 0,1 apart.

NOTE The definition for an extracted generating line has not been standardized.

— 0,1

—— A

b) 3D

Figure 74

Definition of the tolerance zone

The tolerance zone is limited by two parallel planes a distance ¢ apart.

<

Figure 75

© 1SO 2012 — All rights reserved
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Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median line of the cylinder to which the tolerance applies shall be contained within a

cylindrical zone of diameter 0,08.

b) 3D

Figure 76

Definition of the télerance zone

TH

e tolerance zone is limited by a cylinder of diameter ¢, if the tolerance value is preceded by the symbp

Figure 77

P.

38
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18.2 Flatness tolerance (see ISO 12781-1 and ISO 12781-2)

Dimensions in millimetres

Symbol Indication and explanation

The extracted (actual) surface shall be contained between two parallel planes 0,08 apart.

E0

a) 2D

Figure 78

Definition of the tolerance zone

The tolerance zone is limited by two parallel planes a distance ¢ apart.

Figure 79
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18.3 Roundness tolerance (see ISO 12781-1 and ISO 12781-2)

Dimensions in millimetres

Symbol Indication and explanation

For the cylindrical surface, the extracted (actual) circumferential line, in any cross-section of the cylindrical,
shall be contained between two coplanar concentric circles, with a difference in radii of 0,03.

a) 2D b) 3D

Figure 80

Definition of the-tolerance zone

O THe tolerance zone, in the considered cross-section, is limited by two concentric circles with a differehce in
radlii of ¢.

Q

@  Any cross-section.

Figure 81
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Symbol Indication and explanation

Any extracted (actual) circumferential line, resulting in the intersection of the (actual) revolute surface and a
section cone (having as axis, the axis of the associated revolute surface and its generatrix normal to the
revolute surface) shall be contained in a conical zone (of the section cone) limited by two circles 0,1 apart
(this distance is taken on the generatrix).

NOTE The definition of an extracted circumferential line has not been standardized.

Qo

a) 2D b) 3D

Figure 82
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18.4 Cylindricity tolerance (see ISO 12781-1 and ISO 12781-2)

Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) cylindrical surface shall be contained between two coaxial cylinders with a difference
in radii of 0,1.
0
a) 2D
ei
b) 3D
Figure 83
Definition-of the tolerance zone
THe tolerance zone is limited by two coakial cylinders with a difference in radii of ¢.
Figure 84
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18.5 Profile tolerance of a line not related to a datum (see ISO 1660)

101:2012(E)

Dimensions in millimetres

Symbol Indication and explanation
In each section, parallel to the plane of projection in which the indication is shown, the extracted (actual)
profile line shall be contained between two equidistant lines enveloping circles of diameter 0,04, the centres
of which are situated on a line having the theoretically exact geometrical form.
e\
|
a) 2D
In each section, parallel to datum plane A, as specified by thelintersection plane indicator| the extracted
(actual) profile line shall be contained between two equidistanf.lineés enveloping circles of diameter 0,04, the
A centres of which are situated on a line having the theoretically(exact geometrical form.

&

b) 3D

Figure 85

© 1SO 2012 — All rights reserved
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Symbol Definition of the tolerance zone
The tolerance zone is limited by two lines enveloping circles of diameter ¢, the centres of which are situated
on a line having the theoretically exact geometrical form.
e
2 | Any distance.
b | Plane perpendicular to the drawing plane in Figure 85.
Figure 86
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18.6 Profile tolerance of a line related to a datum system (see ISO 1660)

Dimensions in millimetres

Indication and explanation

Symbol
In each section, parallel to the plane of projection (2D) or datum plane A, as specified by the intersection
plane indicator (3D), the extracted (actual) profile line shall be contained between two equidistant lines
enveloping circles of diameter 0,04, the centres of which are situated on a line having the theoretically exact
geometrical form with respect to datum plane A and datum plane B.
~loou]A]B]
|
A / !
[é]\
[Tp}
~
b) 3D
Figure 87
Definition of the tolerance zone
Thetolerance zone is limited by two lines enveloping circles of diameter ¢, the centres of which are situated
on a line having the theoretically exact geometrical form with respect to datum plane A and ddtum plane B.
\l\
-z /l S / |

a Datum A.
b Datum B.
¢ Plane parallel to datum A.

Figure 88

45
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18.7 Profile tolerance of a surface not related to a datum (see ISO 1660)

Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) surface shall be contained between two equidistant surfaces enveloping spheres of
diameter 0,02, the centres of which are situated on a surface having the theoretically exact geometrical form.

b) 3D

Figure 89

Definition of the tolerance zone

Th
sif]

e tolerance zone is limited by two surfaces enveloping spheres of diameter ¢, the centres of whi¢h are

Liated on a surface havingthe theoretically exact geometrical form.

Figure 90

46
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18.8 Profile tolerance of a surface related to a datum (see ISO 1660)

Dimensions in millimetres

Indication and explanation

Symbol
The extracted (actual) surface shall be contained between two equidistant surfaces enveloping spheres of
diameter 0,1, the centres of which are situated on a surface having the theoretically exact geometrical form
with respect to datum plane A.
g
|
2 @
h

b) 3D

Figure 91

Definition of the tolerance zone

The tolerapee-zone is limited by two surfaces enveloping spheres of diameter ¢, the centre

situated on &’surface having the theoretically exact geometrical form with respect to datum plape A.

_______

T
< \
\\\//}8

Figure 92

2  DatumA.

5 of which are

© 1SO 2012 — All rights reserved

47


https://standardsiso.com/api/?name=f0db24a943780c9e99b4ef9636c171ad

ISO 1101:2012(E)

18.9 Parallelism tolerance

18.9.1 Parallelism tolerance of a line related to a datum system

Dimensions in millimetres

Symbol

Indication and explanation

//

The extracted (actual) median line shall be contained between two parallel planes 0,1 apart which are
parallel to datum axis A. The planes limiting the tolerance zone are parallel to datum plane B as specified by
the direction of the leader line and the secondary datum (2D) or orientation plane indicator (3D) (the direction

of the width of the tolerance zone is perpendicular to datum plane B).

0.1[A]8]

Figure 93

Definition of the tolerance zone

THe tolerance zone is limited by two,parallel planes a distance ¢ apart. The planes are parallel to the datums

and in the direction specified.

Datum A.
b DatumB.

Figure 94

48
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Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median line shall be contained between two parallel planes 0,1 apart, which are
parallel to datum axis A. The planes limiting the tolerance zone are perpendicular to datum plane B as
specified by the direction of the leader line and the secondary datum (2D) or the orientation plane indicator
(3D) (the direction of the width of the tolerance zone is parallel to datum plane B).

b) 3D

Figure 95

Definition of the tolerance zone

2  DatumA.
b DatumB.

Figure 96
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Dimensions in millimetres

Symbol

Indication and explanation

//

The extracted (actual) median line shall be contained between two pairs of parallel planes, which are parallel
to datum axis A, and positioned 0,1 and 0,2 apart respectively. The direction of the width of the tolerance
zones is specified with respect to datum plane B by the direction of the leader lines and the secondary datum
(2D) or the orientation plane indicators (3D).

Figure 97

Definition of the tolerance zone

THe(extracted (actual) median line shall be contained between two pairs of parallel planes, which are parallel
tO thc datulll GI\;D l"\\, Glld PUO;t;UIIUd 0,1 Glld 0,2 apai’t IGOPU\Jt;VU:y. ThU UI;GIIth;UIID Uf thU tU:GIGII\JC ZOneS

specified with respect to datum plane B by the orientation plane indicators:

— the planes limiting the tolerance zone of 0,2 mm are perpendicular to the orientation plane B as
specified by the orientation plane indicator;

— the planes limiting the tolerance zone of 0,1 mm are parallel to the orientation plane B as specified by
the orientation plane indicator.

50
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b

Datum A.
Datum B.

Figure 98

© 1SO 2012 — All rights reserved
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18.9.2 Parallelism tolerance of a line related to a datum line

Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) median line shall be within a cylindrical zone of diameter 0,03, parallel to datum
axis A.
a) 2D
90,03 Q
_I/,,,.O
//

b) 3D

Figure 99

Definition of the tolerance zone

preceded.by the symbol ¢.

THe tolerance,zone is limited by a cylinder of diameter ¢, parallel to the datum, if the tolerance vglue is

2  DatumA.

Figure 100

52
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Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) median line shall be contained between two parallel planes 0,01 apart, which are
parallel to datum plane B.

//[0.01]8
|
i
IZ P
|
[
a) 2D
J//
/

b) 3D

Figure 101

Definition of the tolerance zone

The tolerance zone is limited by two parallel planes a distance ¢ apart and parallel to the datun.

2  Datum B.

Figure 102

© 1SO 2012 — All rights reserved
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18.9.4 Parallelism tolerance of a surface related to a datum plane

Dimensions in millimetres

Symbol Indication and explanation
Each extracted (actual) line, parallel to datum plane B as specified by the intersection plane indicator, shall be
contained between two parallel lines 0,02 apart, which are parallel to datum plane A.
LE
. —U/BwlR) UTE)
//10.02]AlB]
a0
a) 2D using a secondary datum b) 2D using an intersection plane indicator
//
c) 3D
Figure 103
Definition of the tolerance zone
The folerance zone is limited by two parallel lines a distance ¢ apart and oriented parallel to datum plane A, the
lines|lying in a‘\plane parallel to datum plane B.
a8  Datum A.
b Datum B.
Figure 104
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Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) surface shall be contained between two parallel planes 0,1 apart, which are parallel to
datum axis C.
/ ’

b) 3D

Figure 105

Definition of the tolerance zone

The tolerance zofe is limited by two parallel planes a distance ¢ apart and parallel to the datun.

8  Datum C.

Figure 106

© 1SO 2012 — All rights reserved
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18.9.6 Parallelism tolerance of a surface related to a datum plane

Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) surface shall be contained between two parallel planes 0,01 apart, which are parallel
to datum plane D.
//[001[D]|
P )
{ \
Iﬁ |
a) 2D
//
b) 3D
Figure 107
Definition of the tolerance zone
THe tolerance zone isdimited by two parallel planes a distance ¢ apart and parallel to the datum plane.
~
@  Datum D.
Figure 108
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18.10 Perpendicularity tolerance

18.10.1 Perpendicularity tolerance of a line related to a datum line
Dimensions in millimetres
Symbol Indication and explanation
The extracted (actual) median line shall be contained between two parallel planes 0,06 apart, which are
perpendicular to datum axis A.
1L [0.06]4]
[ | [
]
o W s
a) 2D
— L[0.067A ]
It B
| I ! A
IO e St [
P B o
A

b) 3D

Figure 109

Definition of the tolerance zone

The tolerance-zene is limited by two parallel planes a distance ¢ apart and perpendicular to the|datum.

2  DatumA.

Figure 110

© 1SO 2012 — All rights reserved 57


https://standardsiso.com/api/?name=f0db24a943780c9e99b4ef9636c171ad

ISO 1101:2012(E)

18.10.2 Perpendicularity tolerance of a line related to a datum system

Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median line of the cylinder shall be contained between two parallel planes 0,1 apart,
which are perpendicular to datum plane A and in the orientation specified with respect to datum plane B.

A,i‘J_oﬂ =i

~—L[or]a] /8D

— T i<

| = | |

I_|

I |

a) 2D using Datum B as a secondary datum b) 2D using an orientation‘plane indicator

A

\

L[ ]a] J/ABD

B

c).3D

Figure 111

Definition of the tolerance zone

THe tolerance zone is limited by twe_parallel planes a distance ¢ apart. The planes are perpendictilar to

dgtum A and parallel to datum B;

2  DatumA.

b DatumB.

Figure 112
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Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median line of the cylinder shall be contained between two pairs of parallel planes,
perpendicular to datum plane A, and positioned 0,1 and 0,2 apart respectively. The direction of the width of the
tolerance zones is specified with respect to datum plane B by the plane of projection (2D) or the orientation
plane indicators (3D).

.

— 4

a) 2D

Z

m—

|
|
|
|
i

Figure 113

b) 3D

Definition’of the tolerance zone

The tolerance zone is limited by two pairs, ofyparallel planes a distance 0,1 and 0,2 apart and p
each other. Both planes are perpendicularto the datum A, one pair of planes being parallel to datum B (see
Figure 115), the other pair being perpendicular to datum B (see Figure 114).

erpendicular to

Figure 114

Figure 115
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18.10.3 Perpendicularity tolerance of a line related to a datum plane

Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) median line of the cylinder shall be within a cylindrical zone of diameter 0,01, which is
perpendicular to datum plane A.
:
} 1 [20,01
|
[
a) 2D
1 0,01 A
J_
b) 3D
Figure 116
Definition of the tolerance zone
THe tolerance zone is limiteédyby a cylinder of diameter ¢ perpendicular to the datum if the tolerance value is
preceded by the symbol @~
B«
a8  DatumA.
Figure 117
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18.10.4 Perpendicularity tolerance of a surface related to a datum line
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Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) surface shall be contained between two parallel planes 0,08 apart which are
perpendicular to datum axis A.
b) 3D
A .
Figure 118

Definition of the tolerance zone

2  DatumA.

The tolerance zone is limited by two parallel plaies a distance ¢ apart and perpendicular to the|datum.

Figure 119
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18.10.5 Perpendicularity tolerance of a surface related to a datum plane

Dimensions in millimetres

Symbol Indication and explanation

perpendicular to datum plane A.

The extracted (actual) surface shall be contained between two parallel planes 0,08 apart, which are

I 0,08
A

a) 2D

- jid
b) 3D

Figure 120

ERRtan

Definition of the tolerance zone

X

a | @atum A.

THe tolerance zone is limited by. two parallel planes a distance ¢ apart and perpendicular to the datum.

Figure 121

62

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=f0db24a943780c9e99b4ef9636c171ad

18.11

18.11.1

ISO 1101:2012(E)

Angularity tolerance

Angularity tolerance of a line related to a datum line

Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median line shall be contained between two parallel planes 0,08 apart that are inclined
at a theoretically exact angle of 60° to the common datum straight line A-B.

: | 008|A_R
r—— -

a) 2D

Hugd
]

b) 3D

Figure 122

Definition of the tolerance zone

Line and~datum line in the same plane: The tolerance zone is limited by two parallel planes a distance ¢ apart
and'inclined at the specified angle to the datum.

a8  Datum A-B.

Figure 123
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Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median line shall be contained between two parallel planes 0,08 apart that are inclined
at a theoretically exact angle of 60° to the common datum straight line A-B.

b) 3D

Figure 124

Definition of the tolerance zone

TH
th

e tolerance zone is limited'by two parallel planes a distance ¢ apart and inclined at the specified angle to
e datum. The considered‘line and the datum line are not in the same plane.

a

Datum A-B.

Figure 125
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Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) median line shall be contained between two parallel planes 0,08 apart that are inclined
at a theoretically exact angle of 60° to datum plane A.
|
il /7
| !/, \
L |
[
a) 2D
0,08 /%z
/
é/’ /.
77—
// [
N
(47
A EFY
b) 3D
Figure 126

Definition of the tolerance zone

The tolefrance zone is limited by two parallel planes a distance ¢ apart and inclined at the spgcified angle to

the datum.

2  DatumA.

Figure 127
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Dimensions in millimetres

Symbol Indication and explanation

The extracted (actual) median line shall be within a cylindrical tolerance zone of diameter 0,1 that is parallel
to datum plane B and inclined at a theoretically exact angle of 60° to datum plane A.
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a) 2D
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b) 3D
Figure 128

Definition of the tolerance zone

THe tolerance zone is limited by a cylinder of diameter ¢ if the tolerance value is preceded by the symbol ¢.
THe cylindrical tolerance“zone is parallel to a datum plane B and inclined at the specified angle to fatum
plane A.

@  DatumA.

b DatumB.

Figure 129
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18.11.3 Angularity tolerance of a surface related to a datum line

Dimensions in millimetres

Symbol Indication and explanation

The extracted (actual) surface shall be contained between two parallel planes 0,1 apart that are inclined at a
theoretically exact angle of 75° to datum axis A.

SR

a) 2D

b) 3D
Figure 130

Definition of the tolerance zone

Thextolerance zone is limited by two parallel planes a distance ¢ apart and inclined at the spgcified angle to
the datum.

a Datum A.

Figure 131
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18.11.4 Angularity tolerance of a surface related to a datum plane

Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) surface shall be contained between two parallel planes 0,08 apart that are inclined at

a theoretically exact angle of 40° to datum plane A.

b) 3D

Figure 132

Definition of the tolerance zone

TH
th

e tolerance zone is-limited by two parallel planes a distance ¢ apart and inclined at the specified ar|gle to

e datum.

a

Datum A.

Figure 133
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18.12 Position tolerance (see ISO 5458)

18.12.1 Position tolerance of a point

Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) centre of the sphere shall be within a spherical zone of diameter 0,3, the centre of
which coincides with the theoretically exact position of the sphere, with respect to datum planes A and B and

to datum median plane C.

NOTE The definition of extracted (actual) centre of a sphere has not been standardized.

|| se03|AaB]|C
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a)2D
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b) 3D

Figure 134
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Symbol

Definition of the tolerance zone

The tolerance zone is limited by a sphere of diameter ¢ if the tolerance value is preceded by the symbol S¢.
The centre of the spherical tolerance zone is fixed by theoretically exact dimensions with respect to datums

A, BandC.

Datum A.
Datum B.
¢ | Datum C.

Figure 135
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18.12.2 Position tolerance of a line

Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) centre line of each of the scribe lines shall be contained between two parallel planes
0,1 apart, which are symmetrically disposed about the theoretically exact position of the considered line, with
respect to datum planes A and B.
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a) 2D

b) 3D

Figure 136

Definition of the tolerance zone

The tolerance zone is limited by two parallel planes a distance ¢ apart and symmetrically disppsed about the
centre line. The centre line is fixed by theoretically exact dimensions with respect to datums| A and B. The
tolerance.is . specified in one direction only.

72 12

4\\117‘\

Wﬁ

__-//

2  Datum A.
b DatumB.

Figure 137
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Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median line of each hole shall be contained between two pairs of parallel planes,
positioned 0,05 and 0,2 apart respectively, in the direction specified, and perpendicular to each other. Each
pair of parallel planes is orientated with respect to the datum system and symmetrically disposed about the
theoretically exact position of the considered hole, with respect to datum planes C, A and B.

8x @12
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a) 2D

b) 3D

Figure 138
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Symbol

Definition of the tolerance zone

The tolerance zone is limited by two pairs of parallel planes a distance 0,05 and 0,2 apart respectively and
symmetrically disposed about the theoretically exact position. The theoretically exact position is fixed by
theoretically exact dimensions with respect to datums C, A and B. The tolerance is specified in two directions

with respect to the datums.

<\:?\/E;Tjr//%>l\|
%‘;L \\\l/

2  DatumA.
b DatumB.

¢ DatumC.

Figure 139

2  DatuméA.
b DatuniB.
¢ ¢BRatum C.

Figure 140
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Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median line shall be within a cylindrical zone of diameter 0,08, the axis of which
coincides with the theoretically exact position of the considered hole, with respect to datum planes C, A

and B.

#leous]c[]]

"_ _'_'yl[j_ > L

a) 2D

b) 3D

Figure 141

THe extracted (actual)-median line of each hole shall be within a cylindrical zone of diameter 0,1, the
which coincides with the theoretically exact position of the considered hole, with respect to datum pla

A,land B.
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Symbol Indication and explanation

b) 3D
Figure 142
Definition of thetolerance zone
The tolerance zone is limited by a cylinder of diameter ¢ if the tolerance value is preceded by the symbol ¢.
The axis of the tolerance cylinder is fixed by-theoretically exact dimensions with respect t¢ datums C, A
'¢' and B.
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a8  DatumA.
b DatumB.
¢ DatumC.
Figure 143
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18.12.3 Position tolerance of a flat surface or a median plane

Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) surface shall be contained between two parallel planes 0,05 apart, which are
symmetrically disposed about the theoretically exact position of the surface, with respect to datum plane A

and datum axis B.

Figure 144
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Symbol

Definition of the tolerance zone

The tolerance zone is limited by two parallel planes a distance ¢ apart and symmetrically disposed about the
theoretically exact position fixed by theoretically exact dimensions with respect to datums A and B.

2  DatumA.
b DatumB.

Figure 145

The extracted (actual) median surface shall be contaifed between two parallel planes 0,05 a
symmetrically disposed about the theoretically exact position of the median plane, with reg

bart, which are
pect to datum

axis A.
| >>/ 8 35 £0,05 v/®

005

a) 2D b) 3D

Figure 146
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18.13 Concentricity and coaxiality tolerance

18.13.1 Concentricity tolerance of a point

Dimensions in millimetres

Symbol Indication and explanation

The extracted (actual) centre of the inner circle in any cross-section shall be within a circle of diameter 0,1,
concentric with datum point A defined in the same cross-section.

a) 2D

b) 3D
Figure 147
Definition of the tolerance zone
The centre of the circular tolerance zone coincides with the datum point.
ot

@  Datum point A.

Figure 148
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18.13.2 Coaxiality tolerance of an axis
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Dimensions in millimetres

Symbol Indication and explanation
The extracted (actual) median line of the toleranced cylinder shall be within a cylindrical zone of
diameter 0,08, the axis of which is the common datum straight line A-B.
50,08
| —|———1&[+———] Y
a) 2D
g
b) 3D
Figure 149
Sympol Indication and explanation
The extracted\(actual) median line of the toleranced cylinder shall be within a cylindrical zone of
diameter 0,1,-the axis of which is datum axis A [see Figures 150 a) and 150 b))].
Qlsgy
J EIE
N
“
© t
Y
A
20,1
a) 2D b) 3D
Figure 150
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The extracted (actual) median line of the toleranced cylinder shall be within a cylindrical zone of
diameter 0,1, the axis of which is datum axis B which is perpendicular to datum plane A [see Figures 151 a)

and 151 b)].
©[901]A[B]

©fs0.1]4]8] }

a) 2D b) 3D

Figure 151

Definition of the tolerance zone

THe tolerance zone is limited by a cylinder of diameter ¢, the tolerance" value shall be preceded by the
symbol ¢. The axis of the cylindrical tolerance zone coincides with thedatum.

@ | Datum A-B (Figure 150).

Secondary datum B perpendicular to primary datum»A-(not shown) (Figure 151).

Figure 152

80

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=f0db24a943780c9e99b4ef9636c171ad

18.14 Symmetry tolerance

18.14.1

Symmetry tolerance of a median plane

ISO 1101:2012(E)

Dimensions in millimetres

Symbol

Indication and explanation

The extracted (actual) median surface shall be contained between two parallel planes 0,08 apart, which are
symmetrically disposed about datum plane A.

(4] =[o.08]A]

b) 3D
Figure 153

=[omn

The extracted (actual) median surface shall be contained between two parallel planes 0,08 apart, which are
symmetrically disposed about the cammon datum plane A-B.

b) 3D

Figure 154
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Symbol Definition of the tolerance zone
The tolerance zone is limited by two parallel planes a distance ¢ apart, symmetrically disposed about the
median plane, with respect to the datum.
N
X
~
a Dﬂtulll.
Figure 155
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