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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.
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The rule

s for specifications using “all around” or “all over” modifiers have been clarified.

The direction of the tolerance zone in the case of roundness tolerances for revolute surfaces that are

neither cylindrical nor spherical, e.g. cones shall now always be indicated to avoid an exception to
the general rule that specifications for integral features apply perpendicular to the surface.

Vi

The “from-to” symbol has been retired and replaced by the “between” symbol.
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). It influences chain links A, B and C of the chain of standards on form,
orientation, location and run out.

The ISO GPS Masterplan given in ISO 14638 gives an overview of the ISO GPS system of which this
document is a part. The fundamental rules of ISO GPS given in ISO 8015 apply to this document.
The default decision rules given in ISO 14253-1 apply to specifications made in accordance with this

document, unless otherwise stated.
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ore detailed information on the relation of this document to the GPS matrix modelys

locument represents the initial basis and describes the required fundamentals for
ncing. Nevertheless, it is advisable to consult the separate standards referenced in Cl
5 3 and 4 for more detailed information.

e presentation of lettering (proportions and dimensions), see ISO 3098-2.

fures in this document for the 2D drawing indications have been‘drawn in first-ang
dimensions and tolerances in millimetres. It should be undefstood that third-ang
ther units of measurement could have been used equally well without prejudice to t
ished. For all figures giving specification examples in 3D) the dimensions and toler:
as for the similar figures shown in 2D.

igures in this document represent either 2D drawing views or 3D axonometric

ngs and are intended to illustrate how a specification can be fully indicated
ation. For possibilities of illustrating a specification where elements of the specific
ble through a query function or other interrogation of information on the 3D CAD mo
faching specifications to 3D CAD models;see ISO 16792.

gures in this document illustrate the text and are not intended to reflect an actua
quently, the figures are not fully dimensioned and specified, showing only the reld
ples. Neither are the figures ‘intended to imply a particular display requirement

br details removed for clarity, or added or extended to assist with the illustration of
1 for the line types used+in definition figures.

e, as well as the\fltering, has to be well defined. Currently, the detailed rules for par
fault for filtéring are not defined in GPS standards.

definitive’ presentation (proportions and dimensions) of the symbolization for
ncing;see ISO 7083 and Annex F.
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er for a GPS specification to be unambiguous, the partition defining the boundary of the toleranced

titioning and

geometrical

k A0has been provided for information only. It presents previous drawing indicatig

ns that have

been omitted here and are no longer used.

For the purposes of this document, 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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Associated fepture

derived feature

straightline (axis)

double-dotted

Table 1
. Line type
Feature level Feature type Details o i
Visible Behind plane/surface
point
integral feature line/axis wide continuous narrow dashed
) surface/plane
Nominal feature -
point
. . . narrow long dashed narrow dashed
derived feature line/axis dotted dotted
Suriace/plane
. surface wide freehand con- narrow freehaind
Real feature integral feature .
tinuous dashed
point
integral feature line wide short dashed |nartrow short dashed
surface
Extracted fegture -
point
derived feature line wide doetted narrow dottpd
surface
line
Filtered featyre integral feature continuous narrow | continuous nafrow
surface
point narrow doy-
integral feature straight line wide doubled-dashed ble-dashed dpu-
double-dotted
ble-dotted
plane
point
narrow long dashed wide dashed

double-dotted

leader and reference

continuous Narrou.

plane
point
datum line/axis wide long dashed | narrow long dgqshed
double-short dashed | double-short d4shed
surface/plane
Tolerance zore limits, line
tolerance plafes continuous narrow narrow dashled
surface
Sfacl;[éog’r;‘l/},?r tralgl;)él line narrow long dashed narrow dashfed
gi d pl’a e §pP : surface short dashed short dashed
Extension, difnension, line

narrouw das d

lines

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

IMPORTANT — The illustrations included in this document are intended to illustrate the text
and/or to provide examples of the related technical drawing specification; these illustrations are

not fu

1lly dimensioned and toleranced, showing only the relevant general principles. I

many
not a
indus
and a

for its
[t pro

The il
with

NOTE

illustrations do not contain filter specifications. As a consequence, the illus
representation of a complete workpiece, and are not of a quality that is requir
itry (in terms of full conformity with the standards prepared by ISO/TC 10 and ]
s such are not suitable for projection for teaching purposes.

1 Tope
This dlocument defines the symbol language for geometrical specification of workpieces

interpretation.
vides the foundation for geometrical specification.

lustrations in this document are intended to illustrate'how a specification can be fy
Fisible annotation (including e.g. TEDs).

1  Other International Standards referenced int€lause 2 and in Tables 3 and 4 provide

information on geometrical tolerancing.

NOTE
Altern
them

a que
annot

2 N

The ff
const
undat

[SO1
engin

2 This document gives rules for explicit and direct indications of geometrical
atively, the same specifications can be‘indicated indirectly in accordance with ISO 16792
0 a 3D CAD model. In this case, it isspassible that some elements of the specification are ava
y function or other interrogation ‘ef information on the model instead of being indicated
htion.

ormative referenees

bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

P8-24:1999, Technical drawings — General principles of presentation — Part 24: Lines 0
beringdrawings

[SO1

n particular,
Irations are
bd for use in
SO/TC 213),

ind the rules

lly indicated

more detailed

bpecifications.
by attaching
lable through
using visible

their content
applies. For
ents) applies.

n mechanical

h6Q Technical drnwingc — Dimpncinning and fnlprnnr‘ing nfprnfilpc

[SO 2692:2014, Geometrical product specifications (GPS) — Geometrical tolerancing — Maximum material
requirement (MMR), least material requirement (LMR) and reciprocity requirement (RPR)

[SO 5458, Geometrical Product Specifications (GPS) — Geometrical tolerancing — Positional tolerancing

[SO 5459, 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 13715, Technical drawings — Edges of undefined shape — Vocabulary and indications
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ISO 16610 (all parts), Geometrical product specifications (GPS) — Filtration

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

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

ISO 17450-3, Geometrical product specifications (GPS) — General concepts — Part 3: Toleranced features

ISO 22432, Geometrical product specifications (GPS) — Features utilized in specification and verification

ISO 253782 11 L 20z ] o £ LLy £z [CDC) ralN £ ot o e dofs t
. T, OCOTICTTrTCuUr prouauct S petyTcutiornsS1ar Jj CTtuT UCTCT IS tIcS urtd COTTUTCrorTts UC]TTT ons

3 Terms jand definitions

For the purpose of this document, the terms and definitions given in ISO 8015, the 1SO 16610 deries,
[SO 17450-1,[ISO 17450-2, ISO 17450-3, ISO 22432, 1SO 25378 and the following apply.

ISO and [EC faintain terminological databases for use in standardization at thefollowing addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/6bp/

31
tolerance zqne
space limite¢l by and including one or two ideal lines or surfaces, and characterized by one or|more
linear dimenfsions, called a tolerance

Note 1 to entrjy: See also 4.4.

3.2
intersection plane
plane, establjshed from an extracted feature of the workpiece, identifying a line on an extracted syrface
(integral or thedian) or a point on an extracted line

Note 1 to entfy: The use of intersection_planes makes it possible to define toleranced features independent of
the view.

Note 2 to entfy: For areal surface'texture, the intersection plane can be used to define the orientation|of the
evaluation arga, see ISO 25178-1.

3.3
orientation plane
plane, established/from an extracted feature of the workpiece, identifying the orientation ¢f the
tolerance zope

Note 1 to entry: The use of an orientation plane makes it possible to define the direction of the planes or cylinder
that limit the tolerance zone independent of the TEDs (for location) or of the datum (for orientation). The
orientation plane is only used for this purpose when the toleranced feature is a median feature (centre point,
median straight line) and the tolerance zone is defined by two parallel straight lines or two parallel planes or, for
a centre point, a cylinder.

Note 2 to entry: The use of an orientation plane also makes it possible to define the orientation of a rectangular
restricted area.

2 © IS0 2017 - All rights reserved
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direction feature
ideal feature, established from an extracted feature of the workpiece, identifying the direction of local

devia

tions

Note 1 to entry: The direction feature can be a plane, a cylinder or a cone.

Note 2 to entry: 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 to entry: The direction feature is used when the tolerance value applies in a specified direction instead of
normal to the specified geometry.

Note 4 to entry: The direction feature is constructed from the datum indicated in the second ¢o

the di

feature.

3.5

compound continuous feature
singld feature composed of more than one single feature joined together-without gaps

Note 1 to entry: A compound continuous feature can be closed or not.
Note 7

Note 3 to entry: A closed compound continuous feature can be*defined using the “all around” sym
and the UF modifier. In this case, it is a set of single features whose intersection with any plan

collec

Note 4 to entry: A closed compound continuous featuré€can be defined using the “all over” symbol
the Uf modifier.

3.6

colle¢tion plane

plane

Note 1 to entry: The collection plafieis always used when the “all around” symbol is applied.

3.7

theoretically exact diniension

TED

lineay or angular dimension used in GPS operations to define theoretically exact geom

locati

Note
abbre

Note Ata-entry: A TED can be nsed to define the Fnl]nwing-

Fection feature indicator. The geometry of the direction feature depends on the geometry of

ion plane is a line or a point.

established from a feature on.the'workpiece, defining a closed compound continuou

lons and oriefitations of features

1 to enthy: For the purpose of this document, the term “theoretically exact dimensi
yiatedas TED.

mpartment of
he toleranced

to entry: A non-closed compound continuous feature can be defined using the “between” synpbol (see 9.1.4)
and, ifapplicable, the UF modifier.

bol (see 9.1.2)
e parallel to a

[see 9.1.2) and

s feature

btry, extents,

on” has been

— the nominal shape and dimensions of features;

— the definition of theoretically exact features (TEF);

— thelocation and dimensions of portions of features, including restricted toleranced features;

— the length of projected toleranced features;

— therelative location and orientation of two or more tolerance zones;

— therelative location and orientation of datum targets, including moveable datum targets;

— thelocation and orientation of tolerance zones relative to datums and datum systems;

— the direction of the width of tolerance zones.

© IS0 2017 - All rights reserved
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Note 3 to entry: A TED can be explicit or implicit. When indicated, an explicit TED is indicated by a rectangular
frame including a value and sometimes an associated symbol, e.g. g or R. On 3D models, explicit TEDs may be
available by queries.

Note 4 to entry: An implicit TED is not indicated. An implicit TED is one of the following: 0 mm, 0°, 90°, 180°, 270°
and the angular distance between equally spaced features on a complete circle.

Note 5 to entry: TEDs are not affected by individual or general specifications.

3.8
theoretically exact feature
TEF

. PR R 1 1 1 . . . 11 . 1 1.1
nominal featprewithrideat SITAPE, STZE, UTTEIITATOIT dITU TOTAUIOIL, dS dpPITCaoie

Note 1 to entrjy: A theoretically exact feature (TEF) can have any shape and can be defined by explicitly indicated
theoretically ¢xact dimensions (TEDs) or implicitly defined in CAD data.

Note 2 to entrly: The theoretically exact location and orientation, if applicable, is relative to the-indicated flatum
system for thq specification of the corresponding actual feature.

Note 3 to entrfy: See also ISO 25378.

EXAMPLE 1 | The spherical surface shownin Figure 110 is a theoretically exactfeature, with a defined spherical
radius and a defined location and orientation relative to datum A.

EXAMPLE 2 | Avirtual condition, e.g. a maximum material virtual condition (MMVC) according to ISO 26P2 is a
theoretically ¢xact feature.

3.9
united featyre
compound integral feature which may or may not be continuous, considered as a single feature

Note 1 to entrfy: A united feature can have a derived feature.

Note 2 to entfry: The definition of a united featute\is intentionally very broad to avoid excluding any juseful
applications. However, it is not intended that a uhited feature can be used to define something that is by pature
several separpte features. For example, building a united feature from two parallel, non-coaxial cylinjdrical
features, or two parallel, non-coaxial rectangular tubes (each built from two perpendicular pairs of parallel
planes) is not pn intended use.

EXAMPLE 1 | A cylindrical feature defined from a set of arc features, such as the outside diameter of a spline, is
an intended upe of a united feature;see Figure 48.

EXAMPLE 2 | Two completé coaxial cylinders, which do not have the same nominal diameter, canfpot be
considered as|a united featute.

4 Basic congépts

4.1 Geomefrical 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 around the reference
feature within which the toleranced feature shall be contained.

NOTE 1 In some cases, i.e. when using the characteristic parameter modifiers introduced in this document,
see Figure 13, geometrical specifications can define characteristics instead of zones.

NOTE 2  All dimensions given in the figures in this document are in millimetres.

4 © IS0 2017 - All rights reserved
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4.3 A feature is a specific portion of the workpiece, such as a point, a line or a surface; these features
can be integral features (e.g. the external surface of a cylinder) or derived features (e.g. a median line or

median surface). See ISO 17450-1.

4.4 Depending on the characteristic to be specified and the manner in which it is s
tolerance zone is one of the following:

— the space within a circle;

— the space between two concentric circles;

— the space between two parallel circles of the same diameter;

— the space between two equidistant complex lines or two parallel straight lines;

— the space between two non-equidistant complex lines or two non-parallel straight lings;

— the space within a cylinder;

— the space between two coaxial cylinders;

— the space within a cone;

— the space within a single complex surface;

— the space between two equidistant complex surfaces’or two parallel planes;

— the space within a sphere;

— the space between two non-equidistant complex surfaces or two non-parallel planes.

NOTE The tolerance zone may be defined in the CAD model.

pecified, the

4.5 |Unless a more restrictive indication is required, for example by an explanatory note, the toleranced

featue may be of any form, orientation and/or location within this tolerance zone.

4.6 |[The specification applies to the whole extent of the considered feature unless otherw
See Clauses 11 and 12.

ise specified.

Currgntly, the detailed rules for partitioning (defining the boundary of the toleranced feature) are not

elabofated in GPS$tandards. This leads to an ambiguity of specification.

4.7 |Geometrical specifications which are assigned to features related to a datum(s) do
form fleviations of the datum feature(s) itself.

not limit the

4.8 For functional reasons, one or more characteristics can be specified to define the geometrical
deviations of a feature. Certain types of specifications, which limit the geometrical deviations of a

toleranced feature, can also limit other types of deviations for the same feature.

— Alocation specification controls location deviation, orientation deviation and form deviation of the

toleranced feature.

— An orientation specification controls orientation and form deviations of the toleranced feature but

cannot control its location.

— A form specification controls only form deviations of the toleranced feature.
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5 Symbols

The symbols used in symbol section of the tolerance indicator are defined in Table 2.

The symbols used in zone, feature and characteristic section of the tolerance indicator are defined in
Table 3. Annex C defines the meaning of the filtration symbols and Annex D defines the meaning of

association symbol and parameter (of characteristic) symbols.

Some symbols defined in other standards and used in ISO 1101 are presented in Table 4 for information.

For filter symbols, see Table C.1; for nesting indices, see Table C.2; for association symbols, see Table D.1;

and for parameter symbols, see Table D.2.

NOTE For symbol proportions, see ISO 7083 and Annex F.
Table 2 — Symbols for geometrical characteristics
o . Characteristics Symbol Datum Subclduse
Specificatioh
needed
Straightness — no 17.2
Flatness 0 no 17.3
Roundness O no 17.4
F
orm Cylindricity ol no 17.%
Line profile ~? no 17.¢
Surface profile =y no 17.8
Parallelism H yes 17.10
Perpendicularity 2l yes 1711
Orientation Angularity / yes 17112
Line profile e yes
Surface profile ° yes
no b
Position <
yes 1713
Concentricity (for‘een- © yes 1714
tre points)
Location Coaxiality fforymedian © yes 1714
lines)
Symmetry = yes 1715
Lineprofile e yes 17.7
Surface profile A° yes 179
Circular run-out / yes 17.16
Run-out
Total run-out 1/ yes 1717
NOTE 1 The line profile specification symbol was called “profile any line” in former versions of this document.
NOTE 2 The surface profile specification symbol was called “profile any surface” in former versions of this document.
a  SeealsoISO 1660.
b Seealso ISO 5458.
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Table 3 — Additional symbols defined in this document

Description Symbol Clause
Combination specification elements
Combined zone ze¢ 8.2.21.2
Separate zones $72 8.2.2.1.2,1S0 2692 and
ISO 5458
Unequal zone specification elements
Specified tolerance zone offset uz® 8.2.2.1.3

Constraint specification elements

oifse] (oftset soney 0z 82111
e O
Crerefied angular tolerance “ \F221f2
Associated toleranced feature specification elements N -
Minirpax (Chebyshev) feature © CqO 8.2.2.2)2
Least{squares (Gaussian) feature ® (.g\\/ 8.2.2.202
Minirhum circumscribed feature O A<§< 8.2.2.22
Tang¢nt feature ©) \\\Y i 2.2.22
Maximum inscribed feature X N4 8.2.2.202

Derived toleranced featur\é&ecification elements

Derivied feature

’\\@

Clause 6 and B.2.2.2.3

Projefted tolerance zone

\
xO

Clause 12 and|8.2.2.2.3

Reference fea.t@*ﬁssociation specification elements

Minimax (Chebyshev) feature

oY
withdut constraint o C fl2.al
A

Minimax (Chebyshev) feature § CE 82241
with ¢xternal material constraint| | T
M.lnll ax (Chebys}_lev) featune | 8.2.2.31
with internal material cor\@unt
Leastlsquares (Gauss@b\ature G 82231
withqut constraint) ™ D
Least{squares @an) feature

. KX . G 8.2.2.31
with ¢xternal material constraint
Least|sq %Q(Gaussian) feature
with m@%;%a material constraint Gl 82241
MininTum cIFcUmScribed feature N 82231
Maximum inscribed feature X 8.2.2.3.1

Parameter specification elements

Total range of deviations T 8.2.2.3.2
Peak height P 8.2.2.3.2
Valley depth \ 8.2.2.3.2
Standard deviation o} 8.2.2.3.2

For drawing default symbols, see Table 6.

b

a  Seealso IS0 1660, 1SO 2692 and ISO 5458.

The letters, values and characteristic symbols in these symbols are examples.

¢ The CZ symbol was called “common zone” in the former version of this document.
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Table 3 (continued)

tion without flatum section

Description Symbol Clause
Toleranced feature identifiers
Between 3.5,7.2,8.2.2.1.1,8.2.2.1.3,
8.4.2,9.1.3and 9.1.4

United Feature UF 39and 8.4.2

Minor diameter LD 8.4.2

Major diameter MD 8.4.2

Pitch diameter PD 8.4.2

- —

All around (pjrofile) 9.1.2

All over (profile) % S 9%1.2
Tolerance indicator

Geometrical specification indica- 8.2

Geometrical specification indica-
tion with dathms section

gu
—

8.2 and ISO 5459

Auxiliary feature indicators

Any cross-se¢tion ACS 8.4.2
Intersection plane indicator {E b Clause 13
Orientation plane indicator {//| 8] lause 14
Direction feafure indicator ﬂ b Clause 15
Collection plgne indicator QE b Clause 16
Theoretically exact dimension symbol
Theoretically exact dimension
. b
(TED) 10
For drawing d¢fault symbols, see Table-6.
a  Seealso 190 1660, ISO 2692and’I1SO 5458.
b The letter$, values and ¢haracteristic symbols in these symbols are examples.
¢ The CZ syibol wascalled “common zone” in the former version of this document.
Table 4 — Additional symbols defined in other standards
Description Symbol Reference
Material condition specification element
Maximum material requirement @ ISO 2692
Least material requirement O ISO 2692
Reciprocity requirement ® ISO 2692
State specification element

Free state condition (non-rigid ® 1SO 10579
parts)
a  The letters, values and characteristic symbols in these symbols are examples.
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Table 4 (continued)
Description Symbol Reference
Datum related symbols
Datum Feature Indicator a ISO 5459
Datum Target Indicator ISO 5459
Contacting feature CF ISO 5459
Orientation constraint only >< 1SO 54%9
Size tolerance related symbol

Envelope requirement ® 1SO 144(5-1
a  The letters, values and characteristic symbols in these symbols are examples.

6 Toleranced features

A geometrical specification applies to a single complete feature unless specifically indicatg

d otherwise.

Wher] the toleranced feature is not a single complete feature, se€ 8.4.2, Clause 9 and Claus¢ 11.

Wher] the geometrical specification refers to the integral feature, the geometrical [specification

indication shall be connected to the toleranced feature by-a reference line, see 8.4.1, and

termIlating in one of the following ways:

|

- an arrow if it terminates on an outline or an extension line of the feature, or

the leader line is a dashed-line.

- The arrow may be _placed on a reference line using a leader line to point to the
Figure 3 a)].

I 3D annotation, 0n the integral feature or an extension of the outline (but clearly se]
the dimension’line) [see Figures 1 b) and 2 b)]. The termination of the leader line is an
ektension lifte-and a dot on the integral feature. When the surface is visible, the dot
hen thesurface is hidden the dot is not filled out and the leader line is a dashed line.

etermination of the leader line may be an arrow placed on a reference line using a

a leader line

2D annotation, on the outline of the feature;or an extension of the outline (but clearly separated
from the dimension line) [see Figures 1 a) and 2 a)]. The termination of the leader line fis

- a dot when the leader line te¥minates within the bounds of the feature [see Figure 3 a)]. When
the surface is visible, the dot is filled out; when the surface is hidden the dot is not filled out and

surface [see

barated from
arrow on an
is filled out;

eader line to

ppint to the surface [see Figure 3 b)]. The above rules for the dot terminating the lez

der line also

apply in this case.
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[ | %{m

a) 2D b) 3D

Figure 1 — Indication of integral feature specification

%

— ¢

a) 2D b) 3D

Figure 2 — Indicatiom of integral feature specification

a) 2D indication b) 3D indication

Figure 3 — Connecting the specification to the toleranced feature using a reference line and a
leader line

When the geometrical specification refers to a derived feature (a median point, a median line, or a
median surface), it shall be indicated either

— by a reference line, see 8.4.1, and a leader line terminated by an arrow on the extension of the
dimension line of a feature of size (see the examples in Figures 4, 5, and 6), or
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— in the case of a revolute, by a modifier ® (median feature) placed in the zone, feature and
characteristic section of the tolerance indicator. In this case, the leader line does not have to
terminate on the dimension line, but can terminate with a dot on the integral feature or an arrow on
the outline or an extension line (see Figure 7).

NOTE The modifier ® can only be used for revolutes and not for other types of features of size, because in
other cases it can be ambiguous which is the other feature making up the feature of size.

— 1] Kﬁﬂ/
— 5

a) 2D b) 3D

Figure 4 — Indication of derived feature specification

§
R

i
|
|
|
|
"

a) 2D b) 3D

Figure 5 — Indication of derived feature specification

a) 2D b) 3D

Figure 6 — Indication of derived feature specification
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a) 2D b) 3D

If necessary,
of lines, see ]

NOTE
orientation of]

7 Tolerai

7.1 Tolera3

The tolerand
indicated (se
the tolerancg
indicated. Se|

For roundne
the width of

NOTE Th
in the case wh
is indicated by

When the toleranced feature is a derived line, a further indication may.bé needed to contr

Figure 7 — Indication of median feature specification

an intersection plane indicator shall be used to specify that the toleranced-feature i
igure 122, instead of a surface, see Figure 126.

the tolerance zone, see Figure 114.

1C€ Zones

ince zone defaults

e zone shall be positioned symmetrically around the reference feature unless othe
e 8.2.2.1.3). The tolerance value defines the width of the tolerance zone. The local wi
zones shall apply normal to the specified geometry (see Figures 8 and 9) unless othe
e Clause 15.

s of revolute surfaces that are neither cylindrical nor spherical, e.g. cones, the direct
the tolerance zones shall always be indicated. See Clause 15.

e orientation alone of the leader line does not influence the definition of the tolerance zone,
ere the orientation of the(leader line and therefore the direction of the width of the toleranc
ra TED. See Clause 15.

aset

ol the

rwise
dth of
rwise

ion of

except
e zone

12

Figure 8 — Drawing indication
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7

-

a

a Datum A.

Figure 9 — Interpretation

7.2 |Tolerance zones of variable width

The tplerance value is constant along the length of the considered feature, unless otherwjise indicated
by a graphical indication, defining a proportional variation fromsone value to another, between two
specified locations on the considered feature, identified as givén/in 8.2.2.1.1 and 9.1.4 (see Figure 10).
By deffault, the proportional variation follows the curvilinear, distance, i.e. the distance algng the curve
conngcting the two specified locations. See also ISO 1660 forfurther information.

B =

el

Figure 10 — Drawing indication for variable width specification using the betwegn symbol

7.3 |Orientation of tolerance zones for derived features

erived features, in the case of a tolerance zone consisting of two parallel plangs limiting a
) . : R . : or a sphere,
the orientation of the planes or the cylinder shall be controlled by an orientation plane indicator. See

Clause 14 and Figures 114 to 117.

NOTE Instead of using orientation plane indicators, similar requirements can often be indicated using the
orientation only modifier, see ISO 5459, instead.

7.4 Cylindrical and spherical tolerance zones

The tolerance zone shall be cylindrical or circular if the tolerance value in the second section of the
tolerance indicator is preceded by the symbol “@”, see the example in Figure 94, or spherical if it is
preceded by the symbol “S@”, see Figure 150.
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8 Geome

8.1 Gener

trical specification indication

al

A geometrical specification indication consists of a tolerance indicator, optional plane and feature

indications a

nd optional adjacent indications. See Figure 11.

- " - °°
41 008 [A[BK[L[A]: | 1[4 008 TATB K ITAD——
_.._.._.\C C/'_.._.._n Y
Key
a  tolerance|indicator
b  plane and feature indicator
¢ adjacent Indications
Figure 11 — Elements of a geometrical specificatiofrvindication
The geometrical specification indication shall be connected to the leader line by a reference line.
The referenge line shall be attached to the mid-point of the left hand end or the right hand end pf the
tolerance indicator, if there is no optional plane and feature indication. If there are optional plane and
feature indidation(s), the reference line shall be attached to the mid-point of the left hand end pf the
tolerance indicator or the mid-point of the right hand end of the last plane and feature indicatoy. This
applies both fin 2D and 3D.
8.2 Tolergnce indicator
The requirernents shall be indicated in a reetangular frame which is divided into two or three sedtions.
The third, ogtional, datum section may €onsist of one to three compartments. The sections are aJways
arranged from left to right as in Figurée 12.
Zone, feature and characteristic section
$0,02
Symbol - - Datum section
section _ ____
|| 00,02 | A|C-B|K]|

NOTE Th

Figure 12— Three sections of the tolerance indicator

e tolerance indicator was formerly called the tolerance frame.

8.2.1 Symbol section

The symbol section shall contain the symbol for the geometrical characteristic. See Table 2.

8.2.2 Zone, feature and characteristic section

An overview of which specification elements can be used in the zone, feature and characteristic section
of the tolerance indicator is shown in Figure 13. Figure 13 also shows the grouping and sequence in
which these specification elements shall be indicated.
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The specification elements are explained in the following subclauses in the sequence shown in
Figure 13. All specification elements are optional except the width element.

Tolerance zone Toleranced feature Characteristic Material State
Shape | Width and | Comb.| Specified Con- Filtera Ass. tol. | Derived || Associationb| Parameter¢ condition
extent offset straint|| Type | Indices | feature | feature
o 0,02 (Z |UzZ+0,2 0z G |08 O |® C CE Cl P ™ ®
S¢ |0,02-0,01 SZ |Uz0.3 VA S -250 G |® G GE G v G
0,1/75 UZ+01:402  |>< etc. | 0,8-250 ® | ®2xs X T ®
0,1/75x75 UZ+0,2:-0,3 500 @ |®3x-#|| N Q
0,2/04 UZ-0,2:-03 15 ®
t-2775%36° 566=15
0,3/10°x30° etc.
1a 1b 2d 3 44 || 5a 5b 6 7d 8 9 1od 11
8.2.2.1 8.2.2.2 8.2.2.3 8424 || 8225
a  Fprfilters, see Tables C.1 and C.2.
b Fpr associations, see Table D.1.
¢ Fpr parameters, see Table D.2
d  Fpr this column, it is possible to use more than one of the listed modifiers.
NOTE|1  The list of modifiers may be extended.
NOTE[2  Some of the information about the toleranced fedture may be in adjacent indications, sep 8.4.4.
NOTE[3 The last row in the figure indicates the (sitbclause where the interpretation of the specification
elements is defined.
NOTE|4  The associated toleranced featurespecification element changes the toleranced feature} see 8.2.2.2.2.
The characteristic association specification(element changes the reference feature from which |[characteristic
paranjeters are calculated, see 8.2.2.3.1.
Figure 13 — Specification eléments in the tolerance zone, feature and characteristigc section of
the tolerance indicator
Therd shall be a space-between specification elements from different numbered compartinents, except
specification elemerits)in compartments 6, 7, 10 and 11 (letters in circles) shall not be preceded by a space.
Therd shall be-no spaces between the specification elements within one numbered conjpartment or
betwé¢en thespecification elements in compartment 1a and 1b and 5a and 5b, respectively
If required, the filtering of the toleranced feature shall be defined by one or more letters followed
immeldiately by numbers without a space, see Figures E9 to E18

The associated feature that the deviation is calculated from and/or the parameter shall be defined by
one or more letters from compartments 8 and 9 not followed by numbers. This is how these specification
elements can be distinguished from the filtering specification elements. This indication does not change
the toleranced feature, see Figures 38 to 41 and Figures 44 to 45.

8.2.2.

8.2.2.

1 Tolerance zone specification elements

1.1 Shape, width and extent specification elements

The shape specification element is an optional specification element.

© IS0 2017 - All rights reserved
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By default:

— if the toleranced feature is a surface, then the shape of the tolerance zone is defined as the space
between two equidistant surfaces based on the nominal geometry of the toleranced feature, see
17.8 for an example.

— if the toleranced feature is an integral line, then the shape of the tolerance zone is defined as the
area between two equidistant lines in the intersection plane based on the nominal geometry of the
toleranced feature, see 17.6 for an example.

— if the toleranced feature is a nominally straight derived line, then the shape of the tolerance zone is
defined as the space between two equidistant planes, see 17.10.2 for an example.

If the toleranced feature is a line or a point and the tolerance zone is a circle, a cylinder, or a circular
tube, the tol¢rance value shall be preceded by the symbol “2” see Figures 94 and 95. If thetoleranced
feature is a [point and the tolerance zone is spherical, the tolerance value shall be preceded By the
symbol “Se”,|see Figure 150.

The tolerande value is a mandatory specification element. The tolerance value shall be given |n the
unit used fo1f linear dimensions. The tolerance value gives the width of the tolérance zone, whicl is by
default perpé¢ndicular to the toleranced feature.

By default, the tolerance zone has a constant width. If the width of the-folerance zone varies liearly
between twd values, these two values shall be indicated separated by a “”, see Figure 14 and 7.2.

An indicatiop using the between symbol adjacent to the toleranée.indicator, see 9.1.4, shall be used to
identify the fwo locations where each value applies, see Figure @4.

K - N

Figured4 — Specification of a linearly variable tolerance zone

If the variatipn is nef linear, it shall be indicated by other means.

By default, theSpecification applies to the entire toleranced feature. If the specification applies fo any
restricted portion within the total extent of the feature, the extent of the restricted portion in linear or
angular units, or both, (as applicable) shall be added after the tolerance value and separated from it by
an oblique stroke. If a tolerance applies to a specific restricted portion within the extents of the feature,
the methods in 9.1.3 are used. Figure 15 shows a requirement that is limited to line elements. Figure 16
shows a requirement that is limited to circular areas. See also Clause 11.

—l0,2/75

Figure 15 — Linear-restricted tolerance zone specification

] 0.2/075 |

Figure 16 — Circular area restricted tolerance zone specification
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8.2.2.1.2 Combination specification element

If the specification applies to several features, see Figures 17 to 20, an indication shall be given
indicating how the specification applies to the features.

By default, the specification requirement for each toleranced feature is independent, due to the
independency principle, see ISO 8015.

The indication SZ can optionally be indicated to emphasize the independency of the feature
requirements; however it does not change the meaning of the indication in this case, see Figure 53. SZ
stands for “Separate Zones”.

Figure 18'— Specification applying to several features individually

Where one combjned tolerance zone is applied to several separate features, or several combined
tolergnce zoness{cControlled by the same tolerance indicator) are applied simultaneous]y to several
separpte feattires (not independently), the requirement shall be indicated by the symbol (Z for
combjned zone, see Figures 19 and 20. The indication shall be supplemented by an indicqtion that the
specification applies to several features [either using e.g. “3x” in an adjacent indication area (see 8.4 and

Figurp'18), or using, for example, three leader lines attached to the tolerance indicator (sqe Figure 19),
but not both].

Where (Z is indicated in tolerance indicator (see Figures 19 and 20), all the related individual tolerance
zones shall be constrained in location and in orientation amongst themselves using either explicit
theoretically exact dimensions (TED), or implicit TEDs, see 3.7 Note 4 to entry.
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u T !
| S | |

NOTE If the toleranced features are flat surfaces, the position symbol can’be used with the same meaning.

Figure 20 — Combined zone specification applying to several features

The specificdtion element C(Z can be used to create a pattern; for more details on patterns, see ISO[5458.

In case of anpbiguity, either SZ or (Z shall be indicated.\When using “all around” or “all over”, separate
rules apply, dee 9.1.2.

8.2.2.1.3 Specified tolerance zone offset specification element

By default, the tolerance zone is symmetrical'around the theoretically exact feature (TEF), making it the
reference fedture. The tolerance zone ¢ffset using UZ is an optional specification element. See Figure 21.
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UF

25 Uz

Key

1 single complex theoretically exact feature (TEF) in this example, the material’is below the feature

2 ohe of the infinite number of spheres defining the offset theoretical feature, i.e. the reference feature
3 ohe of the infinite number of spheres defining the tolerance zone aleng the reference feature

4  limits of the tolerance zone

For profile specifications of complex lines or surfaces, the UZ specification element may be used with or wiithout datums.
Figure 21 — Offset tolerancezone with specified offset

The ¢xtracted surface shall be contained between two equidistant surfaces enveloping spheres
of defined diameter equal to the tolerance:value, the centres of which are situated pn a surface
correpponding to the envelope of a spherejin contact with the TEF and whose diameter i equal to the
absolfite value given after UZ with the direction of the offset indicated by the sign, the “+” sign indicating

“out df the material” and the “~” sign “into the material”, see Figure 22. The sign of the offse{ shall always
be indicated. For former practicessee A.3.9.

4-[0,01 UZ+0,003[ P |

1
[P]

NOTE The UZ specification element in combination with the position symbol can only be used for planar
features.

Figure 22 — Offset tolerance zone specification

If the offset of the tolerance zone varies linearly between two values, these two values shall be indicated
separated by a colon “.”, see Figure 13. In this case, one of the offset values can be a zero and is then
indicated without a sign. An indication using the between symbol adjacent to the tolerance indicator,
see 9.1.4, similar to the one used in Figure 14 shall be used to identify the ends of the tolerance zone

where each offset value applies.
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If the offset variation is not linear, it shall be specified, e.g. in the CAD model.

The UZ specification element can only be used for integral features.
8.2.2.1.4 Constraint specification elements

8.2.2.1.4.1 Unspecified linear tolerance zone offset specification element

If the tolerance zone is allowed to be offset from being symmetric around the TEF by a constant but
unspecified amount, the symbol 07 shall be indicated.

The nominalfsizeof-theTEF nray ot bedefined ]u_y aTEPfor—circtes; Ly}illdt:l S; DP}IUI es-amnd-tors; 8. in
the case whejre there is only a * tolerance indicated for the size. In this case, the 0z specification el¢ment
shall always|be indicated for line profile specifications and surface profile specifications(tp mpke it
explicit that the size of the TEF is not fixed.

Key
single compplex theoretically exact feature (TEF)
two of th¢ infinite number of spheres or circles defining the offset theoretical feature, i.e. the reference feature
reference|feature-equidistant from the TEF
limits of the t6lerance zone

three of the“infinite number of spheres or circles defining the tolerance zone along the reference feature|

S0 N e

constant, but unspecified offset

This figure shows how the shape of the offset tolerance zone is defined from the TEF. For a form tolerance, i.e. a
tolerance without reference to datums, the TEF is unconstrained, i.e. the tolerance zone, when combined with an
offset value, may adopt any location or orientation when attempting to fit to the toleranced feature (see 4.8). TEDs and
reference to one or more datums in the tolerance indicator can be used to constrain the TEF together with the zone.

Figure 23 — Offset tolerance zone with unspecified offset

NOTE1 Because there are no bounds on the offset, a specification with the 0Z modifier is usually combined
with a specification using a larger tolerance without the 0Z modifier. When both specifications are satisfied, this
combination controls the shape of the tolerance feature within the larger, fixed tolerance zone.

20 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2017(E)

NOTE 2  For flat surfaces and straight lines, it is often possible to use, for example, parallelism instead of
position to achieve the same effect as 0Z

8.2.2.1.4.2 Unspecified angular tolerance zone offset specification element

The VA modifier shall be indicated in the zone, feature and characteristic section of the tolerance
indicator when the tolerance zone is defined from a TEF, which is an angular feature of size, having its
size considered variable (unspecified), see Figure 24. See also example in ISO 3040.

The nominal angular size of the TEF may not be defined by a TED for cones, e.g. in the case where there
is only a * tolerance indicated for the angular size. In this case, the VA specification element shall always

be indicatedforline prnﬁ]a cpnr‘uﬁr‘ahnnc and surface prnﬁ]n cpnr‘uﬁr‘ahnnc tomakeitexplicit that the

angular size of the TEF is not fixed.

0,2 |
0,02 VA|

[
[

Figure 24 — Variable angle, VA, modifier

NOTE Because there are no bounds on the angular offset, a specification with the VA modifier is usually
combined with another specification (angular dimensional specification or geometrical specificatipn without VA
modifjer), see example in Figure 24.

8.2.2{1.4.3 Orientation only specification element

The orientation only symbol >< shall be indicated in the zone, feature and characteristic gection of the
tolergnce indicator when the-tolerance zone translation is unconstrained, i.e. only rotatipnal degrees
of frdedom for the tolerahce zone are constrained in a specification that would otherwise have its
trans|ational degrees pf\freedom constrained by datums. See also ISO 5459.

NOTE[1  For flatsurfaces and straight lines, it is often possible to use, for example, parallelism instead of
positipn to achievethe same effect as orientation only.

NOTE[2  Orientation only allows the tolerance zone to translate untransformed, whereas the tolerance zone
is trapsformed when using 07 (inside radii becomes smaller and outside radii becomes bigger). Tihis difference
htion only had
e as key 1. For

8.2.2.2 Toleranced feature specification element

8.2.2.2.1 Filter specification elements

All the terms related to filtration are defined in ISO 16610-1:2015. The specific filters are defined in the
other parts of ISO 16610.
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Currently, there is no default filtering defined in the GPS standards. Consequently, the filtering is
undefined if it is not explicitly given using these specification elements or other means, see also C.3.
This adds an ambiguity of specification, see ISO 17450-2.

NOTE See A.3.7 for former filtering practice.

The filter specification is an optional specification element. The specified filtering of the toleranced
feature shall be indicated by a combination of two specification elements. One indicates the type of
filter specified, the other indicates the nesting index or indices for the filter.

The symbols for the standardized filters are given in Table C.1. For details on the effect of filters and
examples of filter indications, see Annex E.

filter
For a
h first

The nesting ihdices and their meaning for each filter type are given in Table C.2. For a long-wave pass
the index shdll be followed by a “-”. For a short-wave pass filter the index shall be preceded bya“-”
band pass filter using the same filter type for both sides, the long-wave pass filter index shall bé give
and the short-wave pass filter index shall be given second. The indices shall be separated‘by a “-”

a1l be
[f the
ollow

For Fourier [filters only, indicated by the specification element F (Fourier), arsingle value sh
indicated when the specification applies to a single harmonic (wavelength ©ry UPR number).

specification
the rules giv

For band pas
short-wave p

In the specif
short-wave p

Short-wave 1
that do not |
toleranced fe

For open fea
be indicated

the nesting index shall be indicated in URR (undulations per revolution). The units shall not be indi

If two differg
e.g. a plane,
indicated fil
indicated filt

For a featursg
for the open
separate the

applies to a filtered feature containing a range of harmonics, the indication shall f
en above.

s filters using different filter types, the long-wave pass filter shall be indicated befo
ass filter.

cation operator for band pass filters, the long-wave pass filter shall be applied befo
ass filter.

ass filters and band pass filters shall only bedised for form specifications, i.e. specific
eference datums, because they remove-the location and orientation attributes fro
ature.

ures, e.g. straight lines, planes and'cylinders in the axial direction, the nesting indey
in mm. For closed features, e.g-cylinders in the circumferential direction, tori and sp

ent filters shall be used(in the two directions for a feature that is open in both direg
An intersection plané irdicator shall be used to indicate the direction in which thg
er shall be applied”'x” shall be used to separate the two filter indications. The s
er shall be applie@in the direction perpendicular to the first filter direction.

that is openrin one direction and closed in the other direction, e.g. a cylinder, the
directiofi shall be indicated before the filter for the closed direction. “x” shall be uj
two filter indications.

If both filters

are of the same type, regardless of whether the two directions are both open (e.g.a g

re the

re the

itions
m the

shall
heres,
rated.

tions,

b first
bcond

filter
ed to

lane),

both closed (€-g- a sphere) or one of each (€.g. a cylinder), the T1lter type shall be indicated only omnce.

When the toleranced feature is a derived feature or an associated feature, the filtration shall be applied
on the integral feature before the derivation or association operation.

See E.2 for examples of specifications using filters.

8.2.2.2.2 Associated toleranced feature specification element

By default, the specification applies to the indicated extracted integral or derived feature itself. The
associated toleranced feature specification element is an optional specification element. It shall be
used to indicate that the specification does not apply to the indicated feature itself, but to a feature
associated with it. If a filter is indicated, the association shall be to the filtered feature.
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The associated toleranced feature specification element shall only be used for specifications that
reference datums, i.e. orientation and location specifications.

If the associated toleranced feature specification element is used together with a filter specification
element, the association shall be to the filtered feature as the non-ideal feature.

When the toleranced feature is a derived feature, the associated feature shall be the indirectly
associated feature, see ISO 22432.

The extent of the associated toleranced feature shall be equal to the extent of the feature to which it is
associated.

D a reference
feature association specification element, see 8.2.2.3.1, a parameter specification element, see 8.2.2.3.2,
or a npaterial condition specification element, see ISO 2692.

The fpllowing associated toleranced feature specification elements are availablé:

© shhll be used to indicate that the toleranced feature is the associated minimax (Cheby$hev) feature
withdut material constraint. This specification element can be used for features that afe nominally
straight lines, planes, circles, cylinders, cones and tori.

Figurp 25 shows an example of a position specification thatiapplies to the associated minimax
(Chelyshev) feature. See also Figure 26.

A
Y

Higure 25 — Minimax (Chebyshev) associated toleranced feature — Drawing indication

© IS0 2017 - All rights reserved 23


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2017(E)

oL

§>

#:>
1<
e
<

20

Key
a datumH

b  real featufe or filtered feature

C minimax

NOTE Th
Figur

© shallbeu
without mat|
straight lines

Figure 27 sh
(Gaussian) f¢

[Chebyshev) feature (toleranced feature)

b toleranced feature is a surface, but for ease of illustration it is shown as@line.

e 26 — Minimax (Chebyshev) associated toleranced featiire — Interpretation

ed to indicate that the toleranced feature is the assotiated least squares (Gaussian) fe

ature

erial constraint. This specification element can bg,used for features that are nomjfinally

, planes, circles and cylinders, cones and tori.

ows an example of a position specification‘that applies to the associated least sq
ature. See also Figure 28.
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Figure 27
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htum D
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ast squares (Gaussian) associated feature (toleranced feature)

The toleranced feature is a surface, but for ease of illustration it is shown as a line.

Figure 28 — Least squares (Gaussian) associated toleranced feature — Interpr

e or its derived feature. The minimum circumseribed feature association minim|
associated feature with the constraint that the-associated feature circumscribes f{
'e. This specification element can only be usgd:for features of linear size.

e 29 shows an example of a position~specification that applies to the associat
mscribed feature. See also Figure 30.

Although the ® specificationlelement is usually used for external features, e.g. shafts a
hlso be used for internal features, e.g. holes.

—Tele0z @ ATe]
/

O RN

T

btation

all be used to indicate that the toleranced feature.is the associated minimum CJchumscribed

izes the size
he non-ideal

bd minimum

s in Figure 29,

Figure 29 — Minimum circumscribed associated toleranced feature — Drawing indication
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Key

a datumA

b datumB

c real featufe or filtered feature

d minimun] circumscribed feature

e tolerance|zone

f  tolerancefl feature (centreline for d)

NOTE The toleranced feature is a straight line (the centre line of the associated feature), but for gase of
illustration it |s shown as a point.

Figure|30 — Minimum circumscribed associated toléranced feature — Interpretation

@ shall be ufed to indicate that the toleranced featuf® is the associated tangent feature based on the L;
norm with the constraint that the tangent feature-is outside the material of the non-ideal featurg. This
specification| element can only be used for nominally straight lines and plane features. The tolerpnced
feature is th¢ tangent straight line or plane, as-applicable, of the indicated feature.

NOTE The Ly norm with the constraintithat the tangent feature is outside the material is the assogiation
criterion for datums, see ISO 5459.

Figure 31 sh¢gws an example of aparallelism specification that applies to the associated tangent fepture.
See also Figure 32.

A
Y

Figure 31 — Tangent associated toleranced feature — Drawing indication
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inscribed feature. See also Figure 34.

htum F
al feature or filtered feature
ngent feature (toleranced feature)

The toleranced feature is a surface, but for ease of illustration it issshiown as a line.

Figure 32 — Tangent associated toleranced feature — Interpretation

hll be used to indicate that the toleranced feature is theassociated maximum inscrib
rived feature. The maximum inscribed feature association maximizes the size of t}
‘e with the constraint that the associated featuie\is inscribed within the non-ideal
ication element can only be used for features of linear size.

Although the ® specification element is usually used for internal features, e.g. holes as
5o be used for external features, e.g. shafts:

e 33 shows an example of a pésition specification that applies to the associate
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T
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n Figure 33, it

d maximum

Figure 33 — Maximum inscribed associated toleranced feature — Drawing indication
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Key

a datumA
b datumB
c

d maximu
e tolerance
f  tolerance

NOTE Th
illustration it

Figure 34 — Maximum inscribed associated toleranced feature — Interpretation

A

real featje or filtered feature

inscribed feature
zone
[ feature (centreline for d)

s shown as a point.

e toleranced feature is a straight line (the centre line of the associated feature), but for

ase of

A summary ¢f which associated toleranced features can be applied to which types of features is shown
in Table 5.
Tabld 5 — Summary of applicable associated toleranced features by type of feature
Type of feature © ©) Q) ) €9)
Straight line Yes Yes Yes
Plane Yes Yes Yes
Circle Yes Yes Yes Yes
Cylinder Yes Yes Yes Yes
Cone Yes Yes
Torus Yes Yes
Feature pfsize: 2 parallel planes Yes Yes Yes Yes Yes

The associated toleranced feature specification element can be combined with filter specification

elements. Figure 35 shows an example where the @

specification element is combined with the HO

convex hull specification element, indicating that it is the L norm tangent of the convex hull that is the
toleranced feature. This toleranced feature is defined the same way a datum based on a plane datum
feature is defined, see ISO 5459, thus allowing a specification to control the orientation and location of

a datum. See

28

Figure 36.
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Figure 35 — Tangent toleranced feature associated to the convex hull filtered fepture —
Drawing indication

a dptumD
b  r¢al feature
nvex hull filtered feature

o a
= o

dngent feature to theeonvex hull filtered feature (toleranced feature)

NOTE The toleranced feature is a surface, but for ease of illustration it is shown as a line.

Figure 36— Tangent toleranced feature associated to the convex hull filtered fepture —
Interpretation

8.2.2.2.3 Derived toleranced feature specification element

By default, the specification applies to the indicated feature itself, except as given in Clause 6. The derived
toleranced feature specification element is an optional specification element. It is used to indicate that
the specification does not apply to the integral feature itself, but to a feature derived from it.

The following derived toleranced feature specification elements are available.

- ® is used to indicate that the toleranced feature is the derived feature. Therefore, this specification
element can only be used for features of size. Because the indication would be ambiguous, if the
feature of size is made up of two features, e.g. two parallel planes, this specification can only be
used for revolutes. The derived feature is the median line, if the indicated feature is a cylinder, or
the median point, if the indicated feature is a circle or a sphere.
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—  ®is used to indicate that the tolerance zone applies to an extended feature (projected toleranced
feature), see Clause 12.

Figure 37 shows an example of a straightness specification that applies to the derived feature, i.e. the
median line of the cylinder.

—[202 ®]

Figure 37 — Specification applying to the median feature

8.2.2.3 Chpracteristic specification elements

8.2.2.3.1 Reference feature association specification element

By default, the reference feature association is the minimax (Chebyshev) association without constraints.
The referende feature association specification element is an optional specification element. It dan be
used for forth specifications, i.e. specifications that do not réference datums, and other specifications
that have at feast one unconstrained non-redundant degree'of freedom.

The following specification elements are available.

— Cshall bg used to indicate the minimax (Chebyishev) association. It minimizes the distance from the
furthest|point on the toleranced feature to-.the reference feature, see Figure 38 a).

— CE shall e used to indicate the minimax (Chebyshev) association with the constraint exterpal to
the matg¢rial. It minimizes the distance from the furthest point on the toleranced feature fo the
referencp feature while maintairfing the reference feature external to the material, see Figure[38 b).

— (I shall Qe used to indicatesthe’ minimax (Chebyshev) association with the constraint interpal to
the mat¢rial. It minimizes the distance from the furthest point on the toleranced feature fo the
referencp feature whil€ maintaining the reference feature internal to the material, see Figure|38 c).

NOTE1 Thp minimax-(€hebyshev) association without constraint, the minimax (Chebyshev) associatiop with
the constrain{ externdl.te the material and the minimax (Chebyshev) association with the constraint intefnal to
the material (keys ¢;;gand h in Figure 38) are all by definition parallel.
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c) Minimax (Chebyshev)association with the constraint internal to the matdrial

bleranced feature.

inimized maximum, distances.

odifier C.

T

M

¢ Minimax (Chebysheyv) associated straight line without additional constraints - the reference feature with
|

Oputside the material.

o
—

nside thenidterial.
f Ppintoficontact between the associated feature and the toleranced feature.

g  Minimax (Chebyshev) associated straight line with the constraint external to the material -|the reference
feature with modifier CE.

h Minimax (Chebyshev) associated straight line with the constraint internal to the material - the reference
feature with modifier Cl.

NOTE The tolerance indicators shown in this figure do not show a parameter specification element, see
8.2.2.3.2, so the characteristic specified is the total range of deviations, which is the default parameter.

Figure 38 — Minimax (Chebyshev) associations

— G shall be used to indicate the least squares (Gaussian) association. It minimizes the square of the
local deviations of the toleranced feature to the reference feature.
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— GE shall be used to indicate the least squares (Gaussian) association with the constraint external
to the material. It minimizes the square of the local deviations of the toleranced feature to the
reference feature while maintaining the reference feature external to the material.

— GIshall be used to indicate the least squares (Gaussian) association with the constraint internal to the
material. It minimizes the square of the local deviations of the toleranced feature to the reference
feature while maintaining the reference feature internal to the material.

NOTE 2  The least squares (Gaussian) associations are similar to the minimax (Chebyshev) associations shown
in Figure 38, except what is minimized is not the maximum distance to the associated feature but the square root
of the sum of the squares of the local deviations between the toleranced feature and the reference feature.

NOTE3  ThETeastsquares (Gaussian) association without constraint, the least squares (Gaussian) assog¢iation
with the congtraint external to the material and the least squares (Gaussian) association with the gongtraint
internal to thg material (equivalent to keys c, g and h in Figure 38) are not parallel by definition.

— X shall be used to indicate the maximum inscribed association. It is only available,for tolerpnced
features|of linear size. It maximizes the size of the reference feature while maintaining it erftirely
inside the toleranced feature. See Figure 39.

a  Tolerancgd feature of size.

b Size of th¢ associated feature (maximized).

¢ Equalized distance, in case of unstable association.
d  Maximunj inscribed associated feature of size.

Figure 39 — Maximum inscribed association

— Nshall bg used to indicate the minimtim circumscribed association. It is only available for tolerpnced
features|of linear size. It minimizes’the size of the reference feature while maintaining it ertirely
outside the toleranced feature=See Figure 40.

a’ :r—b e

a  Tolerancddfeature of size.

b Size of theassoctated-feature {rmimimized):

e Minimum circumscribed associated feature of size.
Figure 40 — Minimum circumscribed association

Figure 41 shows an example of a straightness specification that applies relative to the least squares
(Gaussian) reference feature. The intersection plane indicator indicates that the direction of the
toleranced lines is parallel to datum C.
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Figure 42 shows an example of a roundness specification that applies relative/to tl
circumscribed reference feature after the application of a Gaussian long-wave pass filter
value|of 50 UPR. The filter type specification element shall always be followed by the 1
value|and the reference feature specification element consists of letters only. When they |
the sgme specification, the filter type specification element shall alwaysprecede the refet
specification element.

Figure 42 — Specification using a filter specification element and the minimum cir¢

8.2.2/3.2 Parameter specificdation element

The default parameter ‘that applies when no specification element is indicated is the
of deyiations, i.e. thé<distance from the lowest valley on the toleranced feature to t
feature plus the distance from the highest peak of the toleranced feature to the refer
The parameter Specification element is an optional specification element. It can be u
specifications)i.e. specifications that do not reference datums, and other specifications
least pne unconstrained non-redundant degree of freedom.

The f¢llowing parameter specification elements are available.

ISO 1101:2017(E)
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Fig

ure 41 — Specification using the least squares (Gaussian) reference feature specification
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— Tmay be used to indicate the total range of deviations, i.e. the default parameter, see Figure 43.

— Pshall be used to indicate the peak height, i.e. the distance from the highest peak of the toleranced

feature to the reference feature. The peak height is only defined relative to the minimax (Chebyshev)
association and the least squares (Gaussian) association, i.e. the association specification elements

Cand G, see Figure 43.

vshall be used to indicate the valley depth, i.e. the distance from the lowest valley of the toleranced
feature to the reference feature. The valley depth is only defined relative to the minimax (Chebyshev)
association and the least squares (Gaussian) association, i.e. the association specification elements

Cand G, see Figure 43.
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a Toleranced feature.

b Minimax
(referencg feature).

¢ Outside the material.
d  Inside thd material.

e Peakhei
f Valley dej
g  Total range (T) parameter, T =P + V.

ht (P) parameter.

Ol
5

th (V) parameter.

Figure 43 — Parameters

— 0 shall bg used to indicate the square root of the sum of the squares of the residuals or sta

deviatioh of the toleranced feature relative to the referencefeature.

1¢! - .
Q= _JOZ (x)dx for linear features,

1¢a_o
Q= —J Z“(x)dx for areal features
a

0
where
Q is the a parameter;
l is the length of the’toleranced feature;
a is the area®fithe toleranced feature;

Z(x) isthedocal deviation function for the toleranced feature;

[raints

hdard

: 1= 1ds 1 4] ol Jd £ i
X 1S the PUSTTIUIT ATUITS TITICT TUTCT ATILTU TTAtUT T

NOTE1 The origin of Z(x) is the reference feature, either the default reference feature [minimax (Chebyshev)

without constraint] or the reference feature specified according to 8.2.2.3.1.

NOTE 2  The T specification element is the only one that conforms to the concept of a tolerance zone.

Figure 44 shows an example of a roundness specification that applies to the valley depth relative to the

least squares (Gaussian) reference circle.
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Oleo 6V

Figure 44 — Specification using the least squares (Gaussian) reference feature specification
element and the valley depth characteristic specification element

Figure 45 shows an example of a cylindricity specification that applies to the peak’height relative to
the mlinimax (Chebyshev) reference cylinder after the application of a spline long-wave pass filter with
cutoff values of 0,25 mm in the axial direction and 150 UPR in the circumferential direction.

A/[0,05 S0,25-x150- C P|

F

e

gure 45 — Specification of a filter specification element, a reference feature spefcification
element and a characteristic specification element
8.2.2/4 Material condition specification element

The rhaterial requirement spe(ification elements, @, O and ®, are optional specification elements,
see 10 2692.

8.2.2|5 State specification element

The sfate specification element, ®, is an optional specification element, see ISO 10579.

8.2.3| Datum'section

For dfatums and indications in the datum section, see ISO 5459.

8.3 Plane and feature indicators

Intersection plane indicators (Clause 13), orientation plane indicators (Clause 14), direction feature
indicators (Clause 15) and collection plane indicators (Clause 16) can be indicated to the right of the
tolerance indicator. If several of these are indicated, the intersection plane indicator shall be indicated
nearest the tolerance indicator, followed by the orientation plane indicator or direction feature
indicator (these two shall not be indicated together), and finally the collection plane indicator. There
shall be no space between the tolerance indicator and the plane and feature indicator(s). When any
of these indicators are indicated, the reference line can either be attached to the left hand end of the
tolerance indicator or the right hand end of the last of the optional indicators.
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8.4 Indications adjacent to the tolerance indicator

8.4.1 General

There are three areas adjacent to the tolerance indicator where supplementary indications can be
indicated, see Figure 46.

a  Upper/lo
b Inline adj
NOTE

use the upper

Indications

dimensional
meaning of i
adjacent are:

Indications t|
area for that

depending on which end of the tolerance indication the reference line is attached to.

When there i
in the inline
be used and

Indications i
adjacent ind
aligned ifiti

8.4.2 Tole

While indications in the upper and lower adjacent indication areas mean the same, it is prefer:

o008 [A[BKILIAD: ] T ] o008 [alBKLLIAD—
] 005 [A 3 $1005 [A]
—[ 00,03 M —[9003 . ¥

ver adjacent indication area.
hcent indication area.

adjacent indication area, if practical.
Figure 46 — Adjacent indication.areas

hat apply to all the tolerance indicators attached to the leader line as well a
specifications shall be indicated in the uppéer or lower adjacent indication ared
hdications in the upper and lower adjacent indication areas is identical. Only one of
1s shall be used.

hat only apply to one tolerance indicator shall be indicated in an inline adjacent indi
tolerance indicator. Figure 46(shows the placement of inline adjacent indication

s only one tolerance indieator, indications in the upper/lower adjacent indication arez
hdjacent indication area'mean the same. In this case, only one adjacent indication ares
tis preferable to use'the upper adjacent indication area, if practical.

h the upper/lower adjacent indication areas shall be left aligned. Indications in the
cation area<shall be left aligned if it is to the right of the tolerance indicator and
5 to the left\of the tolerance indicator.

ranced feature identifiers
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to the tolerance indicator, an indication shall be given indicating the toleranced feature.

hched

— ACS ifthetoleranced featureis anintersection line or an intersection point defined as the intersection
between an extracted integral feature and a section plane, or between an extracted median line
and an intersection plane, see Figure 47. If a datum is indicated, the ACS specification element also
modifies the datum feature to be in the corresponding cross-section. The cross-section applies
perpendicular to the indicated datum or the situation straight line of the integral feature. The ACS
specification element can only be applied to revolute surfaces, cylindrical surfaces or prismatic

surfaces

Letters indicating locations on the feature, separated by the between symbol, if the toleranced

feature is a restricted feature, see Figure 60 and Figure 63, or the width of the tolerance zone varies
proportionally between the locations, see Figure 10 and Figure 14. For former practice, see A.3.2.
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If the specification applies to several toleranced features, nx or several leader lines can be used to
identify the toleranced features, or they can be identified as given in 9.1.2. If the toleranced features are
to be considered as one united feature, the UF specification element shall be added, see Figure 48, where
a cylindrical feature is defined from a collection of curved features and Figure 55, where the entire
workpiece is considered one united feature. In this case, the specification defines one tolerance zone for
the united feature.

I_,_,
A
Y

Figure 48 —'Indication of a specification that applies to a united feature

Specifications forscrew threads apply to the axis derived from the pitch cylinder by defaplt. “MD” shall
be indlicated to designate the major diameter and “LD” to designate the minor diameter. Specifications
and datums specified for splines and gears shall always designate the specific feature tp which they
apply] i.e. “R0%for pitch diameter, “MD” for major diameter or “LD” for minor diameter, see Figure 49.

MD
$I\ Lo}
U,z

Figure 49 — Indication of a specification to the major diameter of a thread

NOTE The interpretation of geometrical specifications on the real workpiece for pitch diameter features,
major diameter features and minor diameter features and features derived from these (e.g. the median line of the
pitch diameter feature) are currently not well defined in GPS standards.
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8.4.3 Patterns

Additional information can be given in an adjacent indication area to identify the features to which the
specification(s) applies, see Figure 64. This includes the number of patterns, the number of features
within each pattern, identification of the features that belong to the pattern, and any size tolerances
that apply to features of size in the pattern, to which the specification applies, as well as information
about the extent of the feature(s) to which the specification applies.

For further information about patterns, see ISO 5458.

8.4.4 Adjacentindication sequence

If there is m(I)re than one indication in an adjacent indication area, the indications shall be givén [n the
following sequence, with a space between each indication:

— indicatidns of multiple toleranced features, e.g. nx or nx mx, see ISO 5458;
— dimensi¢nal tolerance indication, see ISO 14405-1 and ISO 286-1;
— “betweep” indication(s) unrelated to United Feature, see 9.1.4;

— UFfor Unfited Feature and nx for the number of features used to build each united feature, see(8.4.2,
or “betwleen” indications to define the extent of the united feature;

— ACS for s¢ctions, see 8.4.2;

— LD,PDorND for threads and gears, see 8.4.2.

8.5 Stacked tolerance indications

If it is necessary to specify more than one geometrical characteristic for a feature, the requirements
may be giver] in tolerance indicators one under the other for convenience (see the example in Figuie 50).

{0158
//10,06 (B
[7]0,02

Figure 50 — Stacked tolerance indication

In this case, it is recommended that the tolerance indicators are arranged such that the tolerance yalues
are shown in descending order from top to bottom, as shown in Figure 50.

In this case, the'reference line shall be attached to the mid-point of the left-hand end or the rightrthand
end of one of the tolerance indicators, depending on space, not as an extension of the line betwegn the
tolerance indicators. This applies both in 2D and 3D.

8.6 Indication of drawing defaults

ISO defaults exist for the shape of the tolerance zone, reference feature association (8.2.2.3.1),
characteristic (parameter) (8.2.2.3.2) and toleranced feature (pitch diameter) for screw threads (8.4.2).

The wide range of applications of this document makes it impossible to identify a filtering default that
will be applicable for a large proportion of users.

Drawing defaults for filtering can be indicated in or near the title block, either as one default for all
geometrical specifications, or as separate defaults for form, orientation and location, by writing
“ISO 1101”, followed by the relevant symbol from Table 6 and a “:”, followed by the default filtering, see
Annex C.
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Table 6 — Symbols for default filtering and association

Symbol Meaning Scope of default
FC Form association criterion Form specifications
TF Toleranced feature filter All form, location, 'orlen'tatlon
and runout specifications
TFF Toleranced feature, form, filter Form specifications
TFO Toleranced fea_ture, orientation, Orientation specifications
filter
TFL Toleranced feature, location, filter Location specifications

EXAMPLE1 ISO 1101 TF: GO,8-x50- specifies that the default filtering is a Gaussian long-pass filter with
0,8 min cut-off for open profiles and 50 UPR for closed profiles.

The drawing default for form association can be indicated near the title block, by~indicating “ISO 1101
FC”: fpllowed by the symbol for the default association from Table D.1. FC standsifor“form chpracteristic”.

EXAMPLE 2  ISO 1101 FC: G specifies that the default association criterion for form is the(least squares
(Gaussian) feature.

9 Supplementary indications
9.1 |Indications of a compound or restricted toleranced feature

9.1.1| General

Wher] the toleranced feature is a portion of a single feature, or a compound continuous fepture, then it
shall pe indicated either as

— alcontinuous, closed feature (single or' compound), see 9.1.2,

— a|restricted area of a single surface; 9.1.3, or

— ajcontinuous, non-closed feature (single or compound), see 9.1.4.

9.1.2| All around and all over — Continuous, closed tolerance feature

If a gpometrical specification is applied to the outlines of the cross-sections or if it is dpplied to all
features represented by a closed outline, it shall be indicated by the symbol “all around” o placed on the
interdection of theleader line and the reference line of the tolerance indicator (see examples Figure 51
and 5B). A collection plane indicator shall be used to identify the collection plane in 3D and is preferred
in 2D} For deprecated 2D practice, see A.2.3. An all around requirement applies only to|the surfaces
identified\by the collection plane, not to the entire workpiece (see Figure 52 and 54).

If a geometrical specification 1s applied to all integral features of a workpiece it shall be indicated by the
symbol “all over” © (see example Figure 55).

An “all around” o or “all over” © symbol shall always be combined with an SZ (separate zones), CZ
(combined zone) or UF (united feature) specification element, except in the case where the referenced
datum system locks all non-redundant degrees of freedom.

If the SZ specification element is used in conjunction with the “all around” or “all over” symbol, the
characteristic shall be applied as individual requirements to the indicated features, i.e. the tolerance
zones for the features are not related to each other and the use of the “all around” or “all over” symbol
is equivalent to using n leader lines with one pointing to each toleranced feature, or the indication
nx adjacent to the tolerance indicator.

If the characteristic shall be applied as a pattern of zones for all the requirements to the indicated
features, i.e. the tolerance zones for all the features are in a theoretically exact relationship to each
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other and the transition from one tolerance zone to the next is the extensions of the two tolerance zones,
resulting in sharp corners, a CZ specification element (combined zone) shall be used in conjunction with
the “all around” or “all over” symbol. For former practice, see A.3.4.

If the identified features shall be considered as one feature, the UF (united feature) specification
element shall be used in conjunction with the “all around” or “all over” symbol.

If a requirement applies to the set of line elements on the closed compound continuous surface (defined
by a collection plane), an intersection plane indicator identifying the intersection plane shall also be
placed between the tolerance indicator and the collection plane indicator [see Figure 51 a) and b)].

e ] Fr
SN
| ]
a) 2D b)’3D

NOTE1 The drawing is incomplete. The nominal geometry of the profile4% hot defined.

NOTE 2 Wien using the line
collection plaje symbol can be

profile symbol, if the intersection planeiand the collection plane are the same, the
omitted.

Figure 51 — All around drawing indication

Interpretatiqn: The requirement indicated on the drawing applies as one combined zone to the lines a,

b, c and d in §ll cross-sections.

Figure 52 — All around interpretation

40

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 11

alo2 szId//[A|

NOTE

a) 2D b) 3D
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Interj
four 9

NOTE

The W
if the
clear

the cg¢llection plane candeé-any plane parallel to datum A. Depending on where the collec

locatg

Figure 53 — All around drawing indication

urfaces a, b, c and d.

The all around symbol does not involve-the surfaces e and f.
Figure 54— All around interpretation

orkpiece has to be relativelyzsimple for an “all around” indication to be unambiguous.
‘e were a vertical hole in the middle of the workpiece shown in Figure 51 and Figur

pretation: The requirement indicated on the drawing applies as individual requirerents for the

For example,
e 53, it is not

whether the specification' would apply to the surface of the hole or not. In Figure 51 a

nd Figure 53,

d, it may or maynotintersect the hole. In such cases, the all around indication shall

tion plane is
10t be used.

NOTE

The drawing is incomplete. The nominal geometry of the profile is not defined.

Figure 55 — All over drawing indication
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Interpretatic
feature.

n: The requirement applied to all the surfaces a, b, c, d, e, f, g, h, considered as one v

NOTE Wikhout UF the surfaces would have been considered independently.

9.1.3 Rest
The restrictd

— by outlin
ISO 128

— by ahat
ISO 128

Figure 5
— Dby its co
defined
are indi

Figure 5

— by two §
(the locd
“betwee

The leader li
terminate on

Figure 56 — All over interpretation

ricted area toleranced feature
d area shall be defined either

ing the surface portions involved using a loang-dashed dotted wide line (in accordancg
P4 type 04.2). The location and dimensiens shall be defined by TEDs, see Figure 58 a

thed area with its border indicated @s a long-dashed dotted wide line (in accordance
24 type 04.2). The location and dimensions shall be defined by TEDs, see Figure

B b) and Figure 59,

rner points, indicated as(crosses on the integral feature (the location of the points
by TEDs), identified by capital letters and leader lines terminated by an arrow. The 1
fated above the tolekance indicator with a “between” symbol between the last tw
/ b). The border js\formed by connecting the corner points with straight segments,

traight border‘lines identified by capital letters and leader lines terminated by an :
tion of thé border lines being defined by TEDs) combined with an indication usir
h” symbol,see Figures 60 and 63.

he starting from the reference line connected to the geometrical tolerance indication]

nited

b with

)

with
57 a),

being
ptters
D, see

ArTOW
g the

shall

the restricted area.
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Figure 57 — Indication of restricted area

iy
Y
A
Y

a) 2D

>

]

A

N

Y

b) 3D

Figure 58 — Indication of restricted area
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The specification applies to each surface or line element independently, unless otherwise specified (e.g.
by using a CZ symbol).

9.1.4 Continuous, non-closed toleranced feature

If a specification applies to one identified restricted part of a feature or to continuous restricted parts
of continuous features, but does not apply to the entire outline of the cross-sections (or entire surface
represented by the outline), this restriction shall be indicated by

ng the start and the end of the toleranced feature; and

Hmmﬁ the surface nnr‘rmn(d involved using a Innﬁ dashed dotted wide line fm accor

dance

1) identifyi
2) either ot

with ISO
When using

toleranced fe
with an arrd
indicated by

If the toleran
of the derive

The between

of the toleramced feature. This feature (compound toleranced feature)consists of all segments or

between the

In order to
connected td
an arrow on
may also be |

The tolerand
specified, e.g
indicate that

128-24 type 04.2) or by using the symbol “es “ (Called ‘between”).

the between symbol, the points, lines or surfaces that identify the start and end

w. If the point or line is not at the boundary of an integral feature, its\location sh|
TEDs.

ced feature is a derived feature, the intersection with a feature carbe identified as 4
1 feature.

symbol “«s" shall be used between two capital letters that identify the start and th

start and the end of the identified features or parts pffeatures.

clearly identify the toleranced feature, the geemietrical tolerance indication sh
the compound toleranced feature by a reference line and a leader line terminating
the outline of the compound toleranced featyire (see the example in Figure 60). The
blaced on a reference line using a leader line'to point to the surface.

e requirement applies to each surface’or line element independently, unless othe

the compound feature shall be considered as one feature.
UF J =K

bf the

ature shall each be identified by a capital letter connected to it by a leader lihe termigating

all be

limit

e end
areas

hll be
with
A TOW

rwise

. by using a CZ symbol to combine’the tolerance zones or by using the UF modiffier to

A

NOTE

=

The drawing is incomplete. The nominal geometry of the profile is not defined.

Figure 60 — Example of restricted feature — Toleranced feature is the upper surface starting
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atline J and finishing at line K
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Figure 6T — Interpretation: the Tong-dashed Iine outlines the toleranced feature —|Surfaces a,
b, c and the lower part of d are not covered by the specification

To avpid problems of interpretation regarding the considered nominal feature (see'Figure |61), the start
and ehd of the feature shall be indicated as shown in Figure 62.

J -

P ] 02
) i [=]]

| v - %

a) Sharp edge b) Rounded junction ¢) Offset from corner d) Combination with
or corner (tangent continuity) or edge (with TED) an edge indjication ac-
cording to [SO 13715

Figure 62 < Indication of feature limits

If theltolerance value is variable along the considered toleranced feature, this shall be indicpted as given
in Figure 10.

If thesame specification igapplicable to a set of compound toleranced features, this set can be indicated
abovd the tolerance indicator, see Figure 63.

3x J=—K

)

=kK

|

Figure 63 — Indication of several compound toleranced features

If all the compound toleranced features in the set are defined identically, it is possible to simplify the
indication of this set, using the “nx” indication (see 8.4).

9.2 Moveable assemblies

[SO/TS 17863:2013 provides additional symbology for moveable assemblies.
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10 Theoretically exact dimensions (TED)

If location, orientation or profile specifications are indicated for a feature or a group of features, the
dimensions determining the theoretically exact location, orientation or profile, respectively, are called
theoretically exact dimensions (TED). TED can be explicit or implicit.

TED shall also be used to indicate the angles between the datums in a datum system.
TED shall not be toleranced. They are to be enclosed in a frame (see the examples in Figures 64 and 65).

TEDs or CAD data shall be used to define the nominal geometry of complex surfaces (i.e. non-flat
surfaces).

TEDs shall bg used if the requirements are related, i.e. if tolerance zones shall maintain a theeretically
exact relationship to each other and/or be treated as one tolerance zone.

8x $15 H7

{002/ A]8]

Figure 65 — Indication of an angular TED

TEDs may be extracted from the profile of the nominal model in the CAD file. When this is the case, it
shall be indicated near the title block.

NOTE This indication can, for example, be formulated as: “TED’s according to CAD model 12345 rev abc”. See
also ISO 16792.

11 Restrictive specifications

If a specification 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 66 a)]. If two or more specifications of
the same characteristic are to be indicated, they may be combined as shown in Figure 66 b).
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o] o
0,05/200

a) b)

Figure 66 — Indication of restrictive specifications

The following restricted area shapes can be indicated for a specification of the same characteristic

applied to a restricted area, lying anywhere within the total extent of the feature:

“u_n

— apyrectangular restricted area with the length and height separated by a “x”. The aréa fan translate

im both directions. An orientation plane indicator shall be used to indicate the direction
first value applies as shown in Figure 67;

EXAMPLE “75x50".

o8]

EXAMPLE “g4”.

L L D

Kkis or the cylinder;

EXAMPLE “75%30°".

hy cylindrical area defined by a length in the direction of thefakis of the cylinder, followed by an “x
hd an angle for the circumferential dimension. The area gantranslate along and rotate around the

to which the

hy circular restricted area, indicated by a diameter symbol followed(by the diameter{value;

“«_n

— ahy spherical area, defined by two perpendicular’angular dimensions separated by ['x”. The area

:j which the first value applies.
EXAMP

/—{D| 0,1/75x50 K| //] ¢ [

LE “10°x20°”.

Figure 67 — Indication of an areal restricted specification

The aspect ratio of the area can be exaggerated for clarity as shown in Figure 67.

cpan rotate in both directions. An orientation plane indicator shall be used to indicate the direction

For linear restricted portions, the restricted portion is defined as a line identified by an orthogonal
projection of a line of the indicated length onto the toleranced feature, with the centre of the line aligned

perpendicular to the normal of the toleranced feature at this point, see Figure 68.

NOTE The curvilinear length of the restricted portion is longer than the length indicated after the oblique

stroke, unless the toleranced feature is a nominally straight line.
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d feature at their mid-points. One of these lines exists for each point along the toleranced feat

tular projections of the end points of the lines (1) onto the toleranced feature
 feature
portions of the toleranced feature

Figure 68 — Linear restricted portion of a toleranced feature

tricted portions, the restricted portion is defined as an aréa identified by an orthg
the indicated shape onto the toleranced feature with the/centre of the indicated
endicular to the normal of the toleranced feature at this point.

e area of the restricted portion is larger than the area indicated after the oblique stroke, unlg
ture is nominally planar.

e feature principle and the independency principle, see ISO 8015, when a form requirs
a restricted portion of the feature or any restricted portion of the feature, on
rtion shall be considered when associating the reference feature, see ISO 25378.

'ed toleranced feature

® after the tolerance valde in the second compartment of the tolerance indicatof
dicate a projected toleranced feature; see Figures 69 and 70. In this case, the toler

riterion for the extended feature is a minimized maximum distance between the ind

integral featyire and the asSociated feature with the additional constraint of external contact of ma

Table7 — Feature toleranced with the projected tolerance modifier

her a portion of the extended feature or its derived feature (see Clause 6 and Table 7].

gonal
shape

ss the

bment
y the

shall
hnced

d feature is ancassociated feature constructed from the integral feature. The default

cated
terial.

The leader linefrom the tolerance indicator points

Toleranced feature

Onacylinder

(but notin extension of a dimension line) | Portion of the associated cylinder

In extension 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 plane

allel planes

In extension of a dimension line of two opposite par-

Portion of the median plane of two associated parallel planes

For associated planes, the width and location of the extended plane in the direction perpendicular to
the projection is equal to the width and location of the plane defining the projected toleranced feature.

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 toleranced feature length directly on the drawing by a “virtual” integral
feature representing the portion of the extended feature to be considered, this virtual feature shall be
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indicated by use of a long-dashed double-dotted narrow line (line type 05.1 according to ISO 128-24),

and the length of the extension shall be indicated with the modifier \& prior to the Theoretically Exact
Dimension (TED) value. See Figure 69).

When indicating the length of the projected toleranced feature indirectly in the tolerance indicator,
the value shall be indicated after the modifier ®. See Figure 70). In this case, the representation of
the extended feature with a long-dashed double-dotted narrow line shall be omitted. This indirect
indication shall only be used for blind holes.

=®=

| [¢t®] |

%

Figyre 69 — Indication of a geometrical specification with projected tolerance modifier using
direct indication of the length of the extension by a TED

| [ot®25] |

Figyre 70 — Indication-of a geometrical specification with projected tolerance modifier using
indirect indicationof the length of the projected toleranced feature in the tolerance indicator

The ofigin of the\projected feature shall be constructed from the reference plane. The reference plane is
the fiyst planeintersecting the considered feature. See Figure 71. This real feature shall be ¢onsidered to
defing the reference plane. The reference plane is an associated plane to this real feature. See Figure 74.

1
-

A

\

A e

Key

1 reference plane defining the start of the toleranced feature

Figure 71 — Reference plane of the projected feature
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By default, the origin of the projected feature shall be at the location of the reference plane, and the

end corresponds to the shift of the projected feature’s length from its origin in the direction out
material.

of the

If the origin of the projected feature is displaced from the reference surface by an offset, this shall be

indicated as follows.

— When directly indicated, the offset shall be specified by a theoretically exact dimension (TED); see

Figure 72.

— When indirectly indicated, the first value after the modifier indicates the distance to the farthest
limit of the extended feature and the second value (offset value), which is preceded by a minus

sign, indjicates the distance to the nearest limit of the extended feature (the length of the ext

bnded

feature is the difference between these two values), e.g. @ t® 32-7; see Figure 73. An offsetw3dlue of

zero shall not be indicated and the minus sign shall be omitted in this case; see Figure(70-

(7] _®[2]
D EE—

Lot ®]8]

Figure 72 — Example of direct indication of a projected tolerance with an offset

5

3 — 1 [¢0.2() 32-7] 8]

127208
Z

Key

1 extension line

2 reference surface

3 leader line connected to the tolerance indicator

4 indication showing that the type of the toleranced feature is a median feature (equivalent to the modifier @)
5 modifier indicating that the specification applies to a portion of an extended feature and is limited by the

following values

Figure 73 — Indirect indication of a projected tolerance with an offset

50 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

Key

S U1 A W N

The

Key

ISO 1101:2017(E)

<)

sociated reference plane
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o

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

=]

Fojected toleranced feature

=]

Higure 74 — Interpretation of indirect indication of a projected tolerance with a

[o0, z®25®| |

4 )

R7/h \ 345

ktensionldine

o 2

dadénrline connected to the tolerance indicator

nodifier ® may be used with other types of specification modifiers as appropriate; s¢e

n offset

Figure 75.

medifier-indicatinethat the specificationappliesto-aportion-of-an-extendedfeatureandis

e rrareoertt ottt e S p et Catr O p P e St POt o S o St e e rEatar eanttr S

subsequent information (4)
length of projected toleranced feature, in this case 25 mm
modifier indicating that the type of the toleranced feature is a median feature

modifier
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13 Intersection planes

13.1 Role of intersection planes

Intersection planes shall be used to identify the orientation of line requirements, e.g. straightness of
a line in a plane, line profile, orientation of a line element of a feature, see Figure 90, and “all around”
specifications for lines on surfaces.

13.2 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):

— revolute|(e.g. a cone or a torus);
— cylindrigal (i.e. a cylinder);

— planar (i.e. a plane).

13.3 Graphical language

The intersecfion plane shall be specified through an intersection planedndicator placed as an extgnsion
to the right df the tolerance indicator (see Figure 76).

/18] (L] 8] <{=1¥]

Figure 76 — Intersection plane indicator

If necessary| the reference line can be attached t@)the intersection plane indicator instead ¢f the
tolerance indicator, see Figure 46. The symbol défining how the intersection plane is constructed from
the datum is|placed in the first compartmentofithe intersection plane indicator. The symbols stand for:

// parallel;
1 perpendicular;
yd at a defined angle;

= symmetrical-to (including).

NOTE The symmetry symbol is used to indicate that the intersection plane includes (is symmetrical arfjound)
the datum.

The letter idémifying the datum used to establish the intersection plane is placed in the sgcond
compartment of the intersection plane indicator.

13.4 Rules
For geometrical specifications that include intersection plane indicators, the following applies.

When the toleranced feature is a line on an integral feature, an intersection plane shall be indicated
to avoid misinterpretation of the toleranced feature, except in the case of generatrix straightness or
roundness of a cylinder, a cone or a sphere.

For deprecated practice, see A.2.1 and A.2.2.

When the toleranced feature is all the lines in a feature in a given direction, and the characteristic
symbol does not explicitly indicate whether the toleranced feature is the planar feature or the lines in
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the feature, an intersection plane indicator shall be used to indicate that the toleranced feature is the
lines in the feature and the direction of the lines, see Figure 77, where the toleranced feature is all lines
in the surface parallel to datum C.

The
sym

In somne cases, an intersection plane will have an unlocked.degree of freedom. In that caj
the iy
addeq

NOTE
detail

The 1
the in
indic4

i
n[letrical to (including) the datum given in the second compabtment of the interg
indicz

/02 o ]//]c]

e

o

Figure 77 — Specification using an intersection plane indicator

tersection plane shall be established parallel to, perpendicular‘to, at a defined

1tor, but without additional orientation constraints.

tersection plane will be perpendicular to the toleranced feature. When a directi
, the effect is to reorient the intersection plane.

The exact constraints of how the direction.feature reorients the intersection plane
bd in this document.

ossible intersection planes are given.in Table 8. They depend on the datum used|
tersection plane and how the planelis constructed from this datum (as defined b}
ited).

Table 8.— Application cases of intersection plane

angle to or
ection plane

e by default,
bn feature is

are not fully

to establish
y the symbol

Intersection plane

Indicated datum q

J

At defined angle to

Parallel to |Perpendicular to

[

ymmetrical
b (including)

Axis g

Not

b
applicable OK

frevolute surface(cylinder or cone) OK

OKd

Plane

OKa OKc¢ OK

=z

(integrakor median)

ot applicable

a
b

C

o

bee Figure 78.
bee Figure 79.

Q.

eE Figure 8-
See Figure 81.
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Figure 78 — Specilication using an intersection plane parallel to the datum

Figure 79 — Specification using an intersection plane perpendicular to the datum

SO py

<L T

>

Figure 80 <Specification using an intersection plane perpendicular to the datum

A0 =Ta]

I

Figure 81 — Specification using an intersection plane symmetrical to (including) the datum
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14 Orientation planes

14.1

Orien

Role of orientation planes

tation planes shall be indicated when

— the toleranced feature is a median line or a median point, and the width of the tolerance zone is

li

mited by two parallel planes, or

— the toleranced feature is a median point, and the tolerance zone is limited by a cylinder, and

— t

e tolerance zone is oriented from another ﬁ:nhlrp’ established from an extracted £

cature of the

=

See F

rorkpiece, identifying the orientation of the tolerance zone.

gures 83,84, 112,114 and 116.

The ofrientation plane indicator controls both the orientation of the planes that limit the ta

(direg
zone
zone.

Orienftation planes shall also be indicated when it is necessary to define the orientation of g
restricted area, see Figure 67.

14.2

Only
plane

—

|
(]

— planar (i.e. a plane).

14.3

The orientation plane shall' be specified through an orientation plane indicator placed to th
tolergnce indicator (see Figure 82):

Ifnec

tly by the datum and the symbol in the indicator) and the orientation of‘the width of
(indirectly, perpendicular to the planes), or the orientation of the akis for a cylindri
See Figures 112, 114, 116, 130 and 132.

Features to be used for establishing orientatien planes

burfaces belonging to one of the following invariaice classes shall be used to establis
5 (see [SO 17450-1):

bvolute (e.g. a cone or a torus);

ylindrical (i.e. a cylinder);

Graphical language

ish ULBp 8D

Figure 82 — Orientation plane indicator

p$sary, the reference line can be attached to the orientation plane indicator instead of

lerance zone
the tolerance
cal tolerance

| rectangular

h orientation

eright of the

the tolerance

indicator, see Figure 46. The orientation 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

comp

14.4

artment of the orientation plane indicator.

Rules

For geometrical specifications that include orientation plane indicators, the following applies.
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The orientation plane shall be established parallel to, perpendicular to, or at a defined angle from the
datum indicated in the second compartment of 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 in 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 indicator indicates one or more datums, then the orientation plane is established
parallel to, perpendicular to, or at a defined angle from a plane defined by the orientation plane indicator
with constrdints (an implicit angle of 0° or 90° or an explicit stated angle defined by a TED) from the
datum(s) of the tolerance indicator. The datums in the tolerance indicator are applied in the'specified
order before|the plane given in the orientation plane indicator is established. If the datum‘indicafed in
the orientatipn plane indicator is also indicated in the tolerance indicator, then it is only tonstraired by
the datums greceding it in the tolerance indicator.

The possible|orientation planes are given in Table 9. They depend on the datuni used to establigh the
orientation glane and how the plane is derived from this datum (as defined by-the symbol indicated).

Table 9 — Application cases of orientation plane

. Orientation plane
Indicated datum Tolerance zone - -
Parallel to Perpendicular to Inclined tp
Axis of revoldte surface |Two parallel planes |Not applicable 0K OK
(cylinder or cpne) Cylindrical OK OK 0K
Plane (integr 11 or me- Two parallel planeS OK OK OK
dian) Cylindrical Not applicable 0K 0K

Examples ar¢ given in Figures 83 and 84.

/10 [AKLA B

15

Figure|83+— Specification using an orientation plane at a specified angle to the datum

56 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2017(E)

4o fo(L[o]
40002 [DK//|D

Figyre 84 — Specification using orientation planes to orient both a cylindrical tolerance zone
and a tolerance zone limited by two parallel planes

15 Direction feature

15.1|Role of direction features

Direcfion features shall be used to orientate the direction of the~width of the tolerance z¢ne when the
tolergnced feature is an integral feature and the local width ef’tle tolerance zone is not perpendicular
to thd surface. In addition, for roundness of revolute surfacés:that are neither cylindrical nor spherical,
a dirdction feature shall always be used to indicate the direction of the width of the tolerance zone.

In 2D] the orientation of the leader line shall define the:direction of the width of the toleramce zone only
when|the orientation of the leader line and therefgre'the direction of the width of the tolefance zone is
indicdted by a TED, see Figure 85 a).
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a) 2D

~( ee bxm. m '(ee ﬁmn

b) 3D c) 3D
Figure 85 — Drawing indication

NOTE1 Wlhen the datum feature jdentified by the tolerance indicator is the same as the feature establishing
the direction feature, then the directjon feature can be omitted, i.e. b) and c) have the same meaning.

NOTE 2 In Figure 85, the theofetical shape of each toleranced feature is a circle. The straight segmerlts are
inclined by the¢ angle a. This gefierates a set of tolerance zones which are conical sections with a fixed anglq along

the surface.

When a dire¢tion feature is indicated as shown in Figure 85 b) or implied as in Figure 85 c), the width of
the tolerancg zones is defined by an infinite set of straight segments, inclined in the direction indjcated
by the direction’ feature indicator (see Figure 86). 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.
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f////////J\

-/

a

atum A.

Figure 86 — Interpretation

The apgle a shown in Figure 85 shall be indicated, even if it isequal to 90°.

15.2

Only
featu

|
~

(@]

Features to be used for establishing direction features

'es (see ISO 17450-1):
bvolute (e.g. a cone or a torus);

ylindrical (i.e. a cylinder);

— planar (i.e. a plane).

15.3

Whern
of the

Graphical language

applied, the directioeirfeature indicator, see Figure 87, shall be placed as an extensio
tolerance indicater.

</l =Ll =] <4

Figure 87 — Direction feature indicator

surfaces belonging to one of the following invariance classes shall be used to establlish direction

h to the right

If nec

1 £ 1. 1 i 1 " 41 1. i £ + - 1. + - + 1 £
CS55dly, LIIC TTICTCIICT IIIT CdIl DT dLLAUIICU LU LI UITCCLIOINICatul © IIIUICdlorl HHISE4dU Ul

he tolerance

indicator, see Figure 46. The direction symbol for parallelism, perpendicularity, angularity or run-out
shall be placed in the first compartment of the direction feature indicator.

NOTE

The run-out symbol is used to imply that the direction of the width of the tolerance zone is equal to
run-out, i.e. perpendicular to the surface of the toleranced feature, see e.g. Figure 182

The letter identifying the datum used to establish the direction feature shall be placed in the second
compartment of the direction feature indicator (see Figure 87).

154

Rules

A direction feature shall be indicated when

— the toleranced feature is an integral feature, and
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— the width of the tolerance zone is not normal to the specified geometry, or

— aroundness specification is applied to a revolute surface that is neither cylindrical nor spherical,
see Figure 88.

For geometri

cal specifications that include direction feature indicators, the following applies.

The direction of the width of the tolerance zone is established from the datum indicated in the direction

feature indic

ator as follows:

— when the direction is defined as perpendicular to the surface of the toleranced feature, the run-out
symbol shall be used and the toleranced feature (or its derived feature) shall be indicated as the

datum iy

— when th

perpendjicularity symbol shall be used, respectively,

— whenth
used and

directiof feature indicator.

the direction reature imdicator,

e direction is defined with an angle equal to 0° or 90° the parallelism (Syml

e direction is defined with an angle different from 0° or 90°, the angularity.Symbol sh
an explicit TED angle shall be defined between the direction feature-and the datum

ol or

all be
of the

The possible|direction features are given in Table 10. They depend on the datum used to establish the
direction feafure and how the direction is derived from this datum (as defined by the symbol indicpted).
Table 10 — Application cases of direction feature

. Direction feature
Indicated datum - -
Parallel to Perpendicular to Inclined to Run-out to

Axis of I.'EVOll te surface OK Bk OK OKa
(e.g. cylinder|or cone)
Plane (integrpl or median) OK OK OK Not applicgble
a  Run-out cqin only be used with the toleranced featute itself indicated as the datum and in this case the direcfion is
given by the syrface of the toleranced feature itself, not its derived feature.

An example i

s given in Figure 85.

W

Figure

For former p

B8>— Indication of a roundness specification perpendicular to the surface of th

toleranced feature

ractice, see A.3.3.

16 Collection plane

16.1 Role of collection planes

Collection planes shall be used when the “all around” symbol is applied. The collection plane identifies a
family of parallel planes, which identifies the features covered by the “all around” indication.

60
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Features to be used for establishing collection planes

The same types of features that can be used for intersection planes can also be used to establish
collection planes.

16.3

Graphical language

When applied, the collection plane indicator, see Figure 89, shall be placed as an extension to the right
of the tolerance indicator.

oVl

NOTE
alsob

16.4
A coll
applig
with

For e3

17 [

17.1

An explanation based on examples of the-various geometrical specifications and their tol

are p
which

NOTE
with
this c
interr

17.2

The t
nomi
featu

The same symbols that can be used in the first compartment of the intersection plahg
e used in the first compartment of the collection plane indicator with identical meaning.

Figure 89 — Collection plane indicator

Rules

pction plane shall be indicated when the “all around” symbolis used to identify thata
s to a collection of features. A collection plane identifies a sét of single features whose
iny plane parallel to the collection plane is a line or a point.

ramples, see Figure 51 and Figure 53.

efinitions of geometrical specifications

General

rovided in this clause. The illustrations accompanying the definitions only show tho
relate to the specific definjtion: The underlying rules are summarized in Annex B.

The 3D illustrationsdn;}SO 1101 are intended to illustrate how a specification can be f
isible annotation. Alternatively, the same specification can be indicated in accordance with
se, it is possible that.seme elements of the specification are available through a query fun
bgation of informatiofron the model instead of being indicated using visible annotation.

Straightness specification

bleranced feature can be an integral feature or a derived feature. The nature and
nal toleranced feature is explicitly given as a straight line or a set of straight lines, wh
€.

indicator can

specification
intersection

brance zones
e deviations

ully indicated
ISO 16792. In
ction or other

shape of the
chisalinear

In Figure 90, any extracted line on the upper surface, as specified by the intersection plane indicator,
shall be contained between two parallel straight lines 0,1 apart. For deprecated 2D practice, see A.2.1.
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—Loa/]A]

The toleranc
A, is limited
Figure 91.

a Datum A.
b Any distd
c Intersecti

In Figure 97
between twd

a) zD

e zone defined by the specification in Figure 90, in the considered plane.parallel to ¢
by two parallel straight lines a distance t apart and in the specified direction onl

b) 3D

Figure 90 — Straightness indication

nce.

on plane parallel to datum-A;

Figure 91.= Definition of the straightness tolerance zone

, any extractéd longitudinal section line on the cylindrical surface shall be cont

paralleldinies 0,1 apart.

atum
y, see

ained

a) 2D

b) 3D

Figure 92 — Straightness indication

The tolerance zone defined by the specification in Figure 92 is limited by two parallel lines a distance t
apart in a plane that includes the axis of the cylinder, see Figure 93.

62
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Figure 93 — Definition of the straightness tolerance zone

In Figure 94, the extracted median line of the cylinder to which the specificationrapplies shall be
contalined within a cylindrical zone of diameter 0,08.

—ou0e]

a) 2D b) 3D
Figure 94 — Straightness indication

The tplerance zone defined by the specification in Figure 94 is limited by a cylinder of diameter ¢, if the
tolerdnce value is preceded by the symbol\g, see Figure 95.

Figure 95 — Definition of the straightness tolerance zone

© IS0 2017 - All rights reserved 63


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2

017(E)

17.3 Flatness specification

The toleranced feature can be an integral feature or a derived feature. The nature and shape of the
nominal toleranced feature is explicitly given as a flat surface, which is an areal feature.

In Figure 96,

the extracted surface shall be contained between two parallel planes 0,08 apart.

The toleranc
apart, see Fig

a) 2D b) 3D
Figure 96 — Flatness indication

e zone defined by the specification in Figure 96 is limited by two parallel planes a dist
pure 97.

Figure 97 — Definition ©f the flatness tolerance zone

17.4 Roundness specification

The toleranc
explicitly giv

For cylindrig
feature. For
sphere. For 11
be indicated

bd feature is an integral feature. The nature and shape of the nominal toleranced feaf]
en as a circular line-or-a set of circular lines, which is a linear feature.

al features, roundness applies in cross-sections perpendicular to the axis of the toler
spherical features, roundness applies in cross-sections that include the centre
evolute surfdces that are neither cylindrical nor spherical, a direction feature shall a
see Claiise 15.

ance t

ure is

hnced
f the
lways

In Figure 98} forboth the cylindrical and conical surfaces, the extracted circumferential line, in any
cross-sectiom&wmwwww&m&th a

difference in radii of 0,03. This is the default for the cylindrical surface and indicated by the direction
feature indicator for the conical surface. A direction feature shall always be indicated for conical

surfaces.
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Qloa - {17} ORI {75

—O03]

a) 2D b):3D
Figure 98 — Roundness indication

The tplerance zone defined by the specification in Figure 98, in€he considered cross-sectipn, is limited
by twjo concentric circles with a difference in radii of ¢, see Figure 99.

a  Any intersection plane (any cross-section).
Figure 99 — Definition of the roundness tolerance zone

In Figure 100, an extracted circumferential line exists in any cross-section of the surface defined by an
intersection of the toleranced feature with a cone that is coaxial with the toleranced feature and has a
cone angle such that the cone is perpendicular to the toleranced feature. This extracted circumferential
line shall be contained between two circles on the intersecting cone separated by 0,1, i.e. a tolerance
zone that is perpendicular to the surface of the toleranced feature, as indicated by the direction
indicator. A direction indicator shall always be indicated for roundness of conical features.
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a) 2D b) 3D
Figure 100 — Roundness indication

The toleranck zone defined by the specification in Figure 100, in the considered cress-section, is limited
by two circles on a conical surface a distance t apart along the surface, see Figure-101.

a  Circles pgrpendicular to datum C (the axis of the.toleranced feature), on a conical surface perpendicularto the
surface of the toleranced feature.

Figure 101 — Pefinition of the roundness tolerance zone

The directioh feature indicator, which shall always be indicated for revolute surfaces that are ngither
cylindrical npr spherical, can,beé used to indicate roundness perpendicular to the surface or at a d¢fined
angle to the gxis of the toleranced feature, see Clause 15. For former practice, see A.3.3.

17.5 Cylindricity:specification

The tolerancpdfeature is an integral feature. The nature and shape of the nominal toleranced featjure is

X 11 ltl l nac o oulin Aol canfonn ol 10 o Sl oo
e p C y g venrasa Cy ot iCarsur rattvwintr rsararcarrtactarcs

In Figure 102, the extracted cylindrical surface shall be contained between two coaxial cylinders with
a difference in radii of 0,1.
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Al

a)-2D b) 3D
Figure 102 — Cylindricity indication

plerance zone defined by the specification in Figure 102, is limited by two'coaxial cyl
ence in radii of ¢, see Figure 103.

Figure 103 — Definition of the cylindricity tolerance zone

Line profile specification not related to a datum

pleranced feature can be an integral feature or a derived feature. The nature of
nced feature is explicitly given as a linear feature or a set of linear features. The
nal toleranced feature, excepthin the case of a straight line, shall be explicitly given
itions on the drawing or.By queries of the CAD model, see ISO 16792.

ktracted profile line shall be contained between two equidistant lines envelopi

ce regarding the extent of the toleranced feature, see A.3.5.

nders with a

the nominal
shape of the
by complete

ure 104, in each section, parallel to datum plane A, as specified by the intersection pldne indicator,

hg circles of

eter 0,04, the centres of which are situated on a line having the theoretically exact geometrical
The UF specification element is used to indicate that the three circular sections in the compound
'e shall be‘combined into one united feature. For deprecated 2D practice, see A.2.1. For former
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a) 2D b) 3D

NOTE Some of the TEDs necessary for an unambiguous definition of the nominal gegmetry are not shgwn.
Figure 104 — Line profile indication

The tolerancg zone defined by the specification in Figure 104 is limited by two lines enveloping dircles
of diameter [, the centres of which are situated on a line having-the theoretically exact geomgtrical
form, see Figure 105.

a  Datum plane A.
b Any distance.
¢ Plane parallel to datum plane A.

Figure 105 — Definition of the line profile tolerance zone

17.7 Line profile specification related to a datum system

The toleranced feature can be an integral feature or a derived feature. The nature of the nominal
toleranced feature is explicitly given as a linear feature or a set of linear features. The shape of the
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nominal toleranced feature, except in the case of a straight line, shall be explicitly given by complete
indications on the drawing or by queries of the CAD model, see ISO 16792.

In Figure 106, in each section, parallel to datum plane A, as specified by the intersection plane indicator,
the extracted 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. For deprecated 2D practice, see A.2.1.

QBN iy

|

50
0y
7
b

C
50]
-

|
a) 2D b) 3D
NOTE Some of the TEDs necessary for an unambigirous definition of the nominal geometry ar¢ not shown.

Figure 106 ~='Line profile indication

The tplerance zone defined by the speeification in Figure 106 is limited by two lines enveloping circles
of diajmeter ¢, the centres of which ‘are situated on a line having the theoretically exact georhetrical form
with respect to datum plane A and datum plane B, see Figure 107.

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

Figure 107 — Definition of the line profile tolerance zone
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17.8 Surface profile specification not related to a datum

The toleranced feature can be an integral feature or a derived feature. The nature of the nominal
toleranced feature is explicitly given as an areal feature. The shape of the nominal toleranced feature,
except in the case of a flat surface, shall be explicitly given by complete indications on the drawing or by
queries of the CAD model, see ISO 16792.

In Figure 108, the extracted 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.

-
@

a) 2D b) 3D
Figure 108 — Surface profile.jndication

The tolerande zone defined by the specification in Figure 108 is limited by two surfaces enveloping
spheres of djameter ¢, the centres of which are situated on a surface having the theoretically|exact
geometrical form, see Figure 109.

Figure{109 — Definition of the surface profile tolerance zone

17.9 Surfage profile specification related to a datum

The toleranced feature canm be an integral teature or a derived feature. 1he nature of the nominal
toleranced feature is explicitly given as an areal feature. The shape of the nominal toleranced feature,
except in the case of a flat surface, shall be explicitly given by complete indications on the drawing or by
queries of the CAD model, see ISO 16792.

If the specification is an orientation specification, the >< specification element shall be placed in the
second compartment of the tolerance indicator or after each datum indication in the tolerance indicator,
or no datum that is able to lock a non-redundant translation of the tolerance zone shall be indicated.
The angular dimensions that are locked between the nominal toleranced feature and the datums shall
be defined by explicit or implicit TEDs or both, see ISO 5459.

If the specification is a location specification, at least one datum that locks a non-redundant translation
of the tolerance zone shall be indicated in the tolerance indicator. The angular and linear dimensions
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that are locked between the nominal toleranced feature and the datums shall be defined by explicit or
implicit TEDs or both.

In Figure 110, the extracted 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.

01 A

(=4
LN \

:

a) 2D b) 3D

NOTE Some of the TEDs necessary for an unambiguous definitipinof the nominal geometry ar¢ not shown.
Figure 110 — Surface profile indication

The tplerance zone defined by the specification in-Figure 110 is limited by two surfacgs enveloping
spherjes of diameter ¢, the centres of which aré'situated on a surface having the theore¢tically exact
geometrical form with respect to datum plang.A; see Figure 111.

a Dptum A.

Figure 111 — Definition of the surface profile tolerance zone

17.10 Parallelism specification

17.10.1General

The toleranced feature can be an integral feature or a derived feature. The nature of the nominal
toleranced feature is a linear feature, a set of linear features, or an areal feature. The shape of each
nominal toleranced feature is explicitly given as a straight line or a flat surface. If the indicated feature
is a nominally flat surface and the toleranced feature is a set of straight lines in that surface, an
intersection plane indicator shall be indicated. The TED angles that are locked between the nominal
toleranced feature and the datums shall be defined by implicit TEDs (0°).
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17.10.2Parallelism specification of a median line related to a datum system

In Figure 112, the extracted 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 orientation plane indicator. Datum B is secondary to datum A. For former practice,

see A.3.6.

J/ToaTAKITED TRk 7T

AH~

The toleranc

a) 2D
Figure 112 — Parallelism indication

e zone defined by the specification in Figure @12 is limited by two parallel planes a dis

t apart. The planes are parallel to the datums and in the'direction specified, see Figure 113.

a Datum A.
b Datum B.

< 3
- \\
<:,:/’,/—’ ’””,,/:>
N -
\\\,//’/’ 2 b

—

Figure 113 — Definition of the parallelism tolerance zone

tance

In Figure 114, the extracted 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 orientation plane indicator. Datum B is secondary to datum A, see 14.4. For
former practice, see A.3.6.
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a) 2D
Figure 114 — Parallelism indication

lerance zone defined by the specification in Figure 114 is limjtéd by two parallel plan
t. The planes are parallel to datum A and perpendicular to-ddtum B, see Figure 115.

atum A.
atum B.
Eigure 115 — Definition of the parallelism tolerance zone
ure 116,he extracted median line shall be contained between two pairs of parallel j

arallelsto datum axis A, and positioned 0,1 and 0,2 apart respectively. The orien
5 limiting the tolerance zones is specified with respect to datum plane B by the oriel

es a distance

lanes, which
tation of the
htation plane

tors. Datum B is secondary to datum A, see 14.4. For former practice, see A.3.6.
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e~ [ [AKED TN
‘

A
\
/1o [AKZTE -

b) 3D

Figure-116 — Parallelism indication

Based on the|specification in Figuke/116, the extracted median line shall be contained between twq pairs
of parallel plpnes, which are parallel to the datum axis A, and positioned 0,1 and 0,2 apart respectively,
see Figure 117. The orientationis of the tolerance zones are specified with respect to datum plan¢ B by
the orientatipn plane indieators:

— the plangs limitingthe tolerance zone of 0,2 are perpendicular to the orientation plane B as specified
by the offientation plane indicator;

— the plangslimiting the tolerance zone of 0,1 are parallel to the orientation plane B as specified by
the orientation plane indicator.
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a Datum A.
b Datum B.

17.10.3 Parallelism specification of a median line related to a-datum straight line

In Figure 118, the extracted median line shall be within a cylindrical zone of diameter 0,0

daturn axis A.

a) 2D

Figure 117 — Definition of the parallelism tolerance zones

N |
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b) 3D

Figure 118 — Parallelism indication
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parallel to the datum, because the tolerance value is preceded by the symbol g, see Figure 119.
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a Datum A.

Figure 119 — Definition of the parallelism tolerance zone

17.10.4Parallelism specification of a median line related to a datum plane

In Figure 12), the extracted median line shall be contained between two parallel ‘planes 0,01 ppart,
which are pajrallel to datum plane B.

//]0.01]8 ]

puEta

—"

N

f | —
H
a) 2D b) 3D

Figure 120 — Parallelism indication

The tolerancg zone defined by the specification in Figure 120 is limited by two parallel planes a didtance
t apart and pjarallel ta'the datum, see Figure 121.

a Datum B.

Figure 121 — Definition of the parallelism tolerance zone
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17.10.5Parallelism specification of a set of lines in a surface related to a datum plane

In Figure 122, each extracted 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.
Datum B is a primary datum, see 14.4. For deprecated 2D practice, see A.2.2.

a) 2D b) 3D
Figure 122 — Parallelism indication

The tplerance zone defined by the specification in Figure 122 is limited by two parallel linfes a distance
t apaft and oriented parallel to datum plane A, the-lines lying in a plane parallel to datunj plane B, see

Figurp 123.

[N
jw)

ptum A,
b Datum B:

Figure 123 — Definition of the parallelism tolerance zone

17.10.6Parallelism specification of a planar surface related to a datum straight line

In Figure 124, the extracted surface shall be contained between two parallel planes 0,1 apart, which are
parallel to datum axis C.
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a) 2D
Figure 124 — Parallelism indication

NOTE The rotation of the tolerance zone around the datum axis is not definedywith the indication given in
Figure 124, orlly the direction is specified.

The tolerancg zone defined by the specification in Figure 124 is limitedby two parallel planes a ditance
t apart and pjarallel to the datum, see Figure 125.

a Datum C.

Figure 125 £ Definition of the parallelism tolerance zone

17.10.7 Parallelism specification of a planar surface related to a datum plane

In Figure 126, the extracted surface shall be contained between two parallel planes 0,01 apart, which
are parallel fo datum plane D.
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a) 2D b) 3D

Figure 126 — Parallelism indication

o

The t¢lerance zone defined by the specification in Figure 126 is limited\by two parallel planes a distance
t apaift and parallel to the datum plane, see Figure 127.

a Dptum D.

17.1

Figure 127 — Definition of the parallelism tolerance zone

| Perpendicularity specification

17.11.1General

The t
tolersg
nomil
is a1
inters

pleranced. feature can be an integral feature or a derived feature. The nature of
nced feature is a linear feature, a set of linear features, or an areal feature. The s
nal toleranced feature is explicitly given as a straight line or a flat surface. If the indi
ominally flat surface and the toleranced feature is a set of straight lines in tha

the nominal
hape of each
rated feature
[ surface, an

ection plane indicator shall be indicated._The TED angles that are locked between

the nominal

toleranced feature and the datums shall be defined by implic(ijt TEDs (90°).

17.11.2Perpendicularity specification of a median line related to a datum straight line

In Figure 128, the extracted median line shall be contained between two parallel planes 0,06 apart,
which are perpendicular to datum axis A.
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The tolerancg zone defined by the specification in Figure 128 is limited by two parallel planes a dis
t apart and perpendicular to the datum axis, see Figure 129.

a Datum A.

et 7
z / .L/
A N — . B
‘titié_-::(} |
f
a) 2D b) 3D

Figure 128 — Perpendicularity indication

Figure 129 — Definjtion of the perpendicularity tolerance zone

17.11.3 Pergendicularity specification of a median line related to a datum system

In Figure 13%
0,1 apart, w

, the extracted median line of the cylinder shall be contained between two parallel g
ich are perpendicular to datum plane A and in the orientation specified with resp

datum plane|B. Datum'B is secondary to datum A, see 14.4. For former practice, see A.3.6.

tance

lanes
ect to

By

Lot [aKl/]B ]

80

a) 2D

A
\

b) 3D

Figure 130 — Perpendicularity indication

Lot [aKl/[8D
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The tolerance zone defined by the specification in Figure 130 is limited by two parallel planes a distance
t apart. The planes are perpendicular to datum A and parallel to secondary datum B, see Figure 131.

[N
jw)

atum A.
b Datum B.

Figure 131 — Definition of the perpendicularity-tolerance zone

In Figure 132, the extracted median line of the cylinder shall:be‘contained between two pajrs of parallel
planes, perpendicular to datum plane A, and positioned 0y1.and 0,2 apart respectively. ThE orientation

of thg planes limiting the tolerance zones is specified with respect to datum plane B by th
plane|indicators. Datum B is secondary to datum A, sée-14.4. For former practice, see A.3.6]

0,2[ A

1
1loala

Ry

orientation

e

1S

|
i
~

n

a) 2D

b) 3D

Figure 132 — Perpendicularity indication

The tolerance zone defined by the specification in Figure 132 is limited by two pairs of parallel planes a
distance 0,1 and 0,2 apart and perpendicular to each other. Both planes are perpendicular to the datum
A. One pair of planes is perpendicular to datum B, see Figure 133a), the other is parallel to datum B, see

Figure 133 b).
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a  Datum A.

b Datum B.

Figure 133 — Definition of the perpendicularity tolerance zones

17.11.4Perpendicularity specification of a median line related to*a datum plane

In Figure 134, the extracted median line of the cylinder shall¥¢ within a cylindrical zone of diameter
0,01, which i§ perpendicular to datum plane A.

Tlsonls s

ay2D b) 3D

Figure 134 — Perpendicularity indication

The tolerance zone defined by the specification in Figure 134 is limited by a cylinder of diameter t
perpendicular to the datum, because the tolerance value is preceded by the symbol &, see Figure 135.

82 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2017(E)

a At A
-

Figure 135 — Definition of the perpendicularity tolerance zone

17.11.5Perpendicularity specification of a planar surface related to a datum straight line

In Figure 136, the extracted surface shall be contained between two parallel planes 0,08[apart, which
are pe¢rpendicular to datum axis A.

a) 2D b) 3D
Figure 136 Perpendicularity indication

The tplerance zone defined by thesspecification in Figure 136 is limited by two parallel plarles a distance
t apanft and perpendicular to the.datum, see Figure 137.

a Datum A.

Figure 137 — Definition of the perpendicularity tolerance zone

17.11.6Perpendicularity specification of a planar surface related to a datum plane

In Figure 138, the extracted surface shall be contained between two parallel planes 0,08 apart, which
are perpendicular to datum plane A.
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NOTE Th
indication givi

The toleranc
tapartand p

a Datum A.

a) 2D b) 3D

Figure 138 — Perpendicularity indication

bn in Figure 138, only the direction is specified.

e zone defined by the specification in Figure 138 is limited by two parallel planes a dig
erpendicular to the datum, see Figure 139.

e
/>></
NG

Figure 139 — Definition of the perpendicularity tolerance zone

e rotation of the tolerance zone around the normal of the datum plane (isynot defined wilth the

tance

minal
F each

nominal tolefarced feature is exp11c1tly glven asa stralght line or a flat surface If the indicated fdature

is a nomina

f€, an

intersection plane 1nd1cator shall be 1nd1catedThe TED angles that are locked between the nomlnal
toleranced feature and the datums shall be defined by at least one explicit TED. Additional angles may
be defined by implicit TEDs (0° or 90°).

17.12.2 Angularity specification of a median line related to a datum straight line

In Figure 140, the extracted 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.

84
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NOTE
Figurd

NOTE
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In Fig

a) 2D

Figure 140 — Angularity indication

1  The rotation of the tolerance zone around the datum axis is not defimed with the indid
140, only the direction is specified.

2  The distance from the tolerance zone to common datum A-B is not'constrained.

lerance zone defined by the specification in Figure 140 islimited by two parallel plan
t and inclined at the specified angle to the datum. The:.considered line and the datun
same plane see Figure 141.

bmmon datum A-B:
Figure 141 — Definition of the angularity tolerance zone

ure. 142, the extracted median line shall be contained within a cylinder of diameter (

ation given in

es adistance
n line are not

,08, which is

inclin’
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Figure 142 — Angularity

The tolerande zone defined by the specification in Figure 142 is limited by a eylinder of diameter t
inclined at the specified angle to the datum. The considered line and the datumifté are not in the[same
plane, see Figure 143.

a Common |[datum A-B.

NOTE Thp distance from the toleramnce-zone to common datum A-B is not constrained.

Figure 143.~— Definition of the angularity tolerance zone

17.12.3 Angularity specification for a median line related to a datum system

In Figure 144, the extracted 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

The tplerance zone defined by the specification in Figure 144 is limited by a cylinder o
becayse the tolerance value is preceded by the symbol @. The'cylindrical tolerance zone is

Figure 144 — Angularity indication

b) 3D

daturp plane B and inclined at the specified angle to datum-plane A, see Figure 145.

[N
)

atum A.

o
w)

Atum B

Figure 145 — Definition of the angularity tolerance zone

17.12.4 Angularity specification for a planar surface related to a datum straight line

f diameter ¢,
parallel to a

In Figure 146, the extracted 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.
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a) 2D b).3D
Figure 146 — Angularity indication

NOTE Thp rotation of the tolerance zone around the datum axis is.not defined with the indication given in
Figure 146, orlly the direction is specified.

The tolerancg zone defined by the specification in Figure 146 is limited by two parallel planes a didtance
t apart and inclined at the specified angle to the datum,séé Figure 147.

a Datum A.

rigure 14/ — Dellnition ol the angularity toierance zone

17.12.5Angularity specification for a planar surface related to a datum plane

In Figure 148, the extracted 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.
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a) 2D b) 3D

Figure 148 — Angularity indication

NOTE The rotation of the tolerance zone around the normal to the datum plane is not defined with the
indicTion given in Figure 148, only the direction is specified.

The tplerance zone defined by the specification in Figure 148 is limited by two parallel plarles a distance
t apanft and inclined at the specified angle to the datum, see Eigure 149.

a Dptum A.

Figure 149 — Definition of the angularity tolerance zone

17.13 Position'specification

17.13.1General

The toleranced feature is either an integral feature or a derived feature. The nature and shape of the
nominal toleranced feature is an integral or derived point, straight line or flat surface, a non-straight
derived line or a non-flat derived surface, see also ISO 1660. The shape of the nominal toleranced feature,
except in the case of a straight line or a flat surface, shall be explicitly given by complete indications on
the drawing or by queries of the CAD model, see ISO 16792.

17.13.2Position specification of a derived point

In Figure 150, the extracted 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 centre of a sphere has not been standardized.
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a) 2D b) 3D
Figure 150 — Position indication

The tolerande zone defined by the specification in Figure 150 is }imited by a sphere of diametger 0,3
because the folerance value is preceded by the symbol S@. The centre of the spherical tolerance zpne is
fixed by thedretically exact dimensions with respect to datums@, B and C, see Figure 151.

30
A

7 n

a Datum A.
b Datum B.
c Datum C.

Figure 151 — Definition of the position tolerance zone

17.13.3 Position specification of a median line

In Figure 152, the extracted 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.

For deprecated practice, see A.2.4.
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8x 912

0,05[c|[A|BK/[B]

&

_49_

02| c|akl//[AD

b) 3D

NOTE Instead of wsing orientation plane indicators, similar requirements can often be indic
orientiation only modifier, see ISO 5459. In this figure, the two orientation plane indicators could b

the datum system, |C|A|B| could be replaced by |C|A><|B| for an identical meaning.

Figure 152 — Position indication

hted using the
e omitted and

The tolerance zone defined by the specification in Figure 152 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 specification applies in two directions with respect to the datums, see

Figure 153.
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a  Secondafy datum A, perpendicular to datum C.

b Tertiary|datum B, perpendicular to datum C and secondary datum A.

¢ Datum (.

Figure 153 — Definition of the position tolerance zones

In Figure 150, the extracted median line shall be within a ¢ylindrical zone of diameter 0,08, the axis
of which coifpcides with the theoretically exact position of.the considered hole, with respect to datum

planes C, A ahd B.

490,08 c[A[B]

b) 3D

Figure 154 — Position indication
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In Figure 155, the extracted median line of each hole shall be within a cylindrical zone of diameter 0,1,
the axis of which coincides with the theoretically exact position of the considered hole, with respect to
datum planes C, A, and B.

8x 912

< el elaTe)
looon

a) 2D

b) 3D

Figure 155 — Position indication

The tolerance zones defined by the specifications in Figure 154 and Figure 155 are limited by a cylinder
of diameter t, because the tolerance value is preceded by the symbol @. The axis of the cylindrical
tolerance zone is fixed by theoretically exact dimensions with respect to datums C, A and B, see

Figure 156.
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Datum A.
b Datum B.
c Datum C.

Figure 156 — Definition of the position tolerance zone

17.13.4Position specification of a median plane

In Figure 15}/, the extracted median plane of each of the sctibe lines shall be contained betweeh two
parallel planes 0,1 apart, which are symmetrically disposed about the theoretically exact positjon of
the consider¢d line, with respect to datum planes A and'B:

"] i

] )| )|
1 (|

g 6% 0,4
S o1]A]B]

0

a) 2D

b) 3D

Figure 157 — Position indication

The tolerance zone for each of the six toleranced features defined by the specification in Figure 157
is limited by two parallel planes 0,1 apart and symmetrically disposed about the centre line for that
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feature. The median plane is fixed by theoretically exact dimensions with respect to datums A and B.
The specification applies in one direction only, see Figure 158.

[
)

In Fig
angle
0,05

plane

atum A.
atum B.
Figure 158 — Definition of the position toleranee zone
ure 159, for each of the eight toleranced features considered independently (disr

5 between them), the extracted median surface shall bé/contained between two pa
hpart, which are symmetrically disposed about the theoretically exact position o
with respect to datum axis A.

Figure 159 — Position indication

Thet

0,05 gpant and symmetrically disposed around datum A, see Figure 160.

lerance zone defined by the specification in Figure 159 is limited by two parallel plan

pgarding the
rallel planes
" the median

es a distance

NOTE

With the SZ specification element, the angles between the tolerance zones for the eight slots are not
locked. If the CZ specification element had been used instead, the tolerance zones would have been locked at 45°
intervals.

© IS0 2017 - All rights reserved

95


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2017(E)

/2
T
| K//‘
| s
|~

Figure 160 — Definition of the position tolerance zone

<122

\— —

a Datum A.

17.13.5Position specification of a planar surface

In Figure 161, the extracted surface shall be contained between two parallel planes 0,05 apart, which
are symmetifically disposed about the theoretically exact position of the surface, with respect to datum
plane A and dlatum axis B.

.:‘.g

i

a) 2D

Figure 161 — Position indication

The tolerancg zone defined by the specification in Figure 161 is limited by two parallel planes a dijtance
t apart and symmetrically disposed about the theoretically exact position fixed by theoretically exact
dimensions with respect to datums A and B, see Figure 162.

96 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2017(E)

[N
jw)

atum A.
b Datum B.

17.14 Concentricity and coaxiality specification

17.14.1General

Figure 162 — Definition of the position tolerance zone

The tpleranced feature is a derived feature. Therlature and shape of the nominal toleranced feature
is a point, a set of points, or a straight line.Af the indicated feature is a nominally strajght line, the
specification element ACS shall be indicated if the toleranced feature is a set of points. In this case, the
daturh for each point is also a point in thesame cross-section. The angular and linear dingensions that
are loicked between the nominal toleranced feature and the datums shall be defined by implicit TEDs.

17.14.2 Concentricity specification of a point

In Figure 163, the extracted centre of the inner circle in any cross-section shall be withjiin a circle of
diaméter 0,1, concentricwith datum point A defined in the same cross-section.

(A}

a) 2D

ACS

©[¢0.1]A]

Figure 163 — Concentricity indication
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The tolerance zone defined by the specification in Figure 163 is limited by a circle of diameter ¢; the
tolerance value shall be preceded by the symbol @. The centre of the circular tolerance zone coincides
with the datum point, see Figure 164.

ot

H

a  Datum pdint A.

Figure 164 — Definition of the concentricity tolerance zone

17.14.3 Coaxiality specification of an axis

In Figure 16Y%, the extracted median line of the toleranced cylinder shall-be within a cylindrical zpne of
diameter 0,0B, the axis of which is the common datum straight line A<B.

& [ ..... I, }

a) 2D b) 3D

Figure 165 — Coaxiality indication

In Figure 166, the extracted median line of the toleranced cylinder shall be within a cylindrical zpne of
diameter 0,1 the axis of which is datum axis A.
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In Fig
diam¢

The t
by a d
axis g

a) 2D
Figure 166 — Coaxiality indication

ure 167, the extracted median line of the toleranced cylinder shall be within a cyling
pter 0,1, the axis of which is datum axis B, which is perpendigular to datum plane A.

©fs0.1]4]8] 1

a) 2D b) 3D

Figure 167 — Coaxiality indication

Irical zone of

7 are limited

blerance zoueés defined by the specifications in Figure 165, Figure 166 and Figure 16
ylinder-with a diameter equal to the tolerance value, because it is preceded by the s
f the ‘¢ylindrical tolerance zone coincides with the datum, see Figure 168.

ymbol @. The

a  Datum A-B (Figure 165) or

datum A (Figure 166) or

secondary datum B perpendicular to primary datum A (not shown) (Figure 167).

Figure 168 — Definition of the coaxiality tolerance zone
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17.15 Symmetry specification

17.15.1General

The toleranced feature is either an integral feature or a derived feature. The nature and shape of the
nominal toleranced feature is a point, a set of points, a straight line, a set of straight lines, or a flat
surface. If the indicated feature is a nominally flat surface, an intersection plane indicator shall be
indicated, if the toleranced feature is a set of straight lines in the surface. If the indicated feature is a
nominally straight line, the specification element ACS shall be indicated, if the toleranced feature is a
set of points on the line. In this case, the datum for each point is also a point in the same cross-section.
Atleast one datum that locks a non-redundant translation of the tolerance zone shall be indicated in the
tolerance indicator. The angular and linear dimensions that are Iocked between the nominal tolerhnced
feature and the datums are defined by implicit TEDs.

A symmetry|specification can be used in all cases where a position specification can be used, pragvided
all the relevgnt linear TEDs are zero.

17.15.2Symmetry specification of a median plane

In Figure 169, the extracted median surface shall be contained between two-parallel planes 0,08 ppart,
which are symmetrically disposed about datum plane A.

% =[0.08]A] —

—=[ope
}

a) 2D b) 3D

Figune 169 — Symmetry indication

In Figure 17(), the extracted median surface shall be contained between two parallel planes 0,08 apart,
which are symmetrically disposed about the common datum plane A-B.

ol B (DS

a) 2D b) 3D

Figure 170 — Symmetry indication
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The tolerance zones defined by the specifications in Figure 169 and Figure 170 are limited by two
parallel planes a distance 0,08 apart, symmetrically disposed about the median plane, with respect to
the datum, see Figure 171.

a Ditum.

17.16 Circular run-out specification

17.16

Thet
explid

17.16

In Fig

Figure 171 — Definition of the symmetry tolerance zone

.1General

leranced feature is an integral feature. The nature and shape of the nominal toleran
itly given as a circular line or a set of circular lines, which is a linear feature.

.2Circular run-out specification — Radial

7
f

-

a) 2D b) 3D

Figure 172 — Circular run-out indication

A]

ed feature is

ure 172, the extracted line in any cross-section plane perpendicular to datum axjis A shall be
contalined between two coplanar concentric circlés'with a difference in radii of 0,1.

In Figure 173, the extracted line in any cross-section plane parallel to datum plane B shall be contained
between two coplanar circles that are concentric to datum axis A, with a difference in radii of 0,1.

© IS0 2017 - All rights reserved

101


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2017(E)

Figure 173 — Circular run-out indication

In Figure 174, the extracted line in any cross-section plane perpendicular to*cemmon datum straight

line A-B shal] be contained between two coplanar concentric circles with a difference in radii of 0]1.

a) 2D

Figure 174 — Circular run-out indication

b) 3D

The tolerancp zones defined py-the specifications in Figure 172, Figure 173 and Figure 174 are limited
within any cfoss-section perpendicular to the datum axis by two concentric circles with a difference in
radii of 0,1, the centres ofwhich coincide with the datum, see Figure 175.

102
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0O 0O 0 9 wn g

atum A (Figure 172).
bcondary datum A perpendicular to datum B (Figure 173).

atum A-B (Figure 174).

Foss-section plane perpendicular to datum A (Figure 172).
Foss-section plane parallel to datum B (Figure 173).
Foss-section plane perpendicular to datum A-B (Figure 174).

Figure 175 — Definition of the circular run-out tolerance zone

In Fiﬁure 176, the extracted line in any cross-section plane perpendicular to datum ax

conta

ined between two coplanar concentric circles with' a difference in radii of 0,2.

a) 2D b) 3D

Figure 176 — Circular run-out indication

is A shall be

17.16.3Circular run-out specification — Axial

In Figure 177, the extracted line in any cylindrical section, the axis of which coincides with datum axis
D, shall be contained between two circles with an axial distance of 0,1.
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| 7 To1]0]
T I EH /To1]a]
[0] (e

a) 2D b) 3D

The tolerana
two circles 4

Figure 177 — Circular run-out indication

n axial distance of 0,1 apart lying in the cylindrical section, the axis ofWhich coi

with the dat@im, see Figure 178.

a Datum D.
b Tolerancq
¢ Anydiam

zone.

eter coaxial with datum D.

Figure 178 — Definition of the circular runout tolerance zone

17.16.4Circular runoutdin any direction

In Figure 17
is perpendic
contained be

9, the eXtracted line in any conical section, with an apex angle such that the s¢
ular to the toleranced feature, the axis of which coincides with datum axis C, sh
tweéen two circles within the conical section with a distance of 0,1.

e zone defined by the specification in Figure 177 is limited in any cylindrical sectI)n by

cides

rction
all be

104
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Whern
conic
featu

The t
two ¢

a) 2D

Figure 179 — Circular run-out indication

b) 3D

the generator line for the toleranced feature is not straight, as ifi Figure 180, the apek angle of the
h] section will change depending on the actual position to remain perpendicular to the toleranced

€.

a)2b

Figure 180 — Circular run-out indication

b) 3D

blerancezone defined by the specification in Figure 180 is limited within any conidal section by
rclés'a distance of 0,1 apart, the axes of which coincide with the datum, see Figure 181.

The widthof thetoterance zome fsormmat to the specified geometry untess otherwise imdicated.

© IS0 2017 - All rights reserved

105


https://standardsiso.com/api/?name=57bf5c57f54a4008b761af073565efda

ISO 1101:2017(E)

a Datum C.

b Tolerancq zone.

Figure 181 — Definition of the circular run-out tolerance-zone

17.16.5Circular run-out specification in a specified direction

In Figure 18P, the extracted line in any conical section corresponding to a direction feature (angle a)
shall be contpined between two circles 0,1 apart within the conical'section.

ot~/ nmn
&

_________ | ; Q“’

a) 2D b) 3D

Figure 182 — Circular run-out indication

The tolerande zonewdefined by the specification in Figure 182 is limited within any conical sectjon of
the specified angle by two circles a distance t apart, the axes of which coincide with the datum, see

Figure 183.
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[N
jw)

atum C.

o
—J

blerance zone.

Figure 183 — Definition of the circular run-out tolerance zone

17.17 Total run-out specification

17.17.1General

The tpleranced feature is an integral feature. The natiite and shape of the nominal toleran¢ed feature is
a flat purface or a cylindrical surface. The tolerancezone maintains the nominal shape of the toleranced
feature, but for a cylindrical surface, the radial dimmension is not constrained.

17.17.2Total run-out specification — Radial

The ektracted surface shall be contained between two coaxial cylinders with a difference |n radii of 0,1
and the axes coincident with the common datum straight line A-B.

a) 2D b) 3D
Figure 184 — Total run-out indication

The tolerance zone defined by the specification in Figure 184 is limited by two coaxial cylinders with a
difference in radii of ¢, the axes of which coincide with the datum, see Figure 185.
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a Common datum A-B

Figure 185 — Definition of the total run-out tolerance zone

17.17.3 Totall run-out specification - Axial

In Figure 18p, the extracted surface shall be contained between two parallel@lanes 0,1 apart, which
are perpendicular to datum axis D.

NOTE A gerpendicularity specification would have the same meaning.

: #0410

a) 2D b) 3D
Figure 186 — Total run-out indication

The tolerancf zone defined'by the specification in Figure 186 is limited by two parallel planes a didtance
0,1 apart and perpendicular to the datum, see Figure 187.
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a Dptum D.
ktracted surface.

o
]

Figure 187 — Definition of the total run-out tolerance zone
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Annex A
(informative)

Deprecated and former practices

A.1 General

This annex (Jescribes former practices that have been omitted and are no longer used. Therefokg

are not an in

A.2 Deprsy

The followi
expected to

A.2.1 They
tolerance ha
indications, s

A.2.2 The
individually,
intersection

A.2.3 Inan
instead relyi

ri)g drawing indications were described in ISO 1101:2012. They can'still be used, b

fegral part of this document, but should be used for information only.
pcated practice from I1SO 1101:2012

e phased out.

ractice of relying on the drawing plane to define the interseetion plane, e.g. for a straigh
5 been deprecated, in order to have similar indications(in“2D and 3D. For the pre
ee Figure 90, Figure 104, Figure 106 and Figure 122.

LE specification element is used to indicate that'the specification applied to line ele
see Figure A.1. This specification element has been deprecated because the use
blane indicator makes LE superfluous. For th€preferred indication, see Figure 122.

LE
//]0.02]A]8]

Figure A.1

ng-en the drawing plane to identify the collection plane. This practice has been deprg

“allaround” specification in 2D, the collection plane indicator can be omitted, see Figur

, they

1t are

1tness
ferred

ments
of an

cated

to align the

110

- 1 [a% Y 1o 1 £ h 1. . hm i il
I4CLICES DELWECIT 24U dIU SU. TOI' UIC€ preiciTel HIUICAUOILL, SEE CISUIC o5,

Figure A.2
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In a 2D specification, orientation plane indicators can be omitted, instead relying on

the direction

of the dimension line to define the orientation of the tolerance zone, see Figure A.3. This practice has been
deprecated to align the practices between 2D and 3D. For the preferred indication with the equivalent
meaning, see Figure 152 a)

8x 912
$J005|clalB]

OO0 U

8x

[}o]

A3

The f
thatt

A3.1
featul
ambig
a plar
in thi

A.3.2
along
to” sy
ident

e "
=TFIZ[CTA

20

5900

Figure A.3

Former practice from ISO 1101:2012

bllowing drawing indications were described in [SO 1101:2012. Their use in practid
heir interpretation was ambiguous. Therefore, these drawing indications should no lo

It was a former practice to use the NC\specification element to indicate that th
e should be “non-convex”, see Figure A.4_This specification element is no longer used
fuous what exactly constitutes a non=donvex feature, i.e. how close to the edge of the f¢

e has shown
nger be used.

e toleranced
because it is
ature should

e contact the feature for it to be considered non-convex. There is no replacement for this indication

document, since it is a qualitative’concept. If needed, it can be added as a note on the

NC

0,1

'

Figure A.4

It was a former practice to use the “from...to” symbol “—" if the tolerance value
the toleranced feature. Because the specification was unambiguous without the sep
mbol;spractice has been changed to use the “between” symbol “«s" together wit
fying the start and the end of the toleranced feature in all cases where a specification g

drawing.

was variable
hrate “from...
h the letters
ither applies

to a i

dication, see

estricted part of a feature or the tolerance value was variable For the current i

Figure 14.

A.3.3

It was former practice that for all revolutes, the default direction for roundness specifications
was perpendicular to the associated axis of the revolute surface, see Figure A.5. This was an exception to
the general rule that geometrical specifications for integral features apply perpendicular to the surface. A
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direction feature indicator shall now always be used to indicate the direction of roundness specifications
for revolute surfaces that are neither cylindrical nor spherical, e.g. cones, see Clause 15.

NOTE Th

A.3.4 In fol
e.g.an “all ar
applied to ed
or one comim

Figure A.5

b current indications with the identical meaning is shown in Figure 98.

'mer versions of this document, it was not clear whether a specification to a set of features,
bund” specification such as the one shown in Figure A.6, created a set-of tolerance zongs that
ch identified feature individually, as this document states explieitly in 9.1.2, see Figufre 53,
on zone that applied to all the toleranced features, see Figuré51. Therefore, it was a fprmer

practice in spme countries and companies to interpret a specification-fop a set of features using gn “all

around” indi
in orientatiol

A.3.5 It wd
interpret the
feature pring

1 and location to each other.

Figure A.6

s a former practice to interpret a profile specification to apply “from edge to edgg

specificatiom as' if united feature, UF, had been indicated, even though that violated the
iple, see IS@:8015, and even though it was not clearly defined what constituted an edge, see
Figure A.7. For the current indication for this meaning, see Figure 104.

Cation as defining one common zone that applied to all thetoleranced features, locking them

”

and

112
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b) 3D
Figure A.7
A.3.6| It was former practice inthe case of a specification for a centre point or a median line in one

direcfion that the arrow of the leader line defined the orientation of the tolerance zone, ih some cases
combjned with a secondary-datum, see Figures A.8 to A.11.

Figure A.8
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Figure A.9

<~ L]o1]A]B]
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Figure A.10

Loafa]8]

1 |
|
l
|
!
!

Pl
Figure A.11

This is not pfecise when used.in 2D and ambiguous when used in 3D. The current indication with the
identical megning is shown.in Figure 116, Figure 114, Figure 130 and Figure 132, respectively.

A.3.7 It wds a former practice to rely on common practice amongst metrologists, e.g. in terms of
measuring instrument characteristics, sampling density and filter settings to limit the variability of results
seen in verification in the absence of explicit filtering specifications. Because different metrologists|made
different ch iLCD, thisted—to—variatton—in—restlts—andtherefore alubisuit_'y the opcuiﬁbatiuu. Where
such variations were excessive or influenced the function of the workpiece, drawing notes or inspection
instructions were typically used to limit the variation. This document introduces specification elements
to indicate filtering, see 8.2.2.2.1 and Annexes C and E

A.3.8 It was a former practice to indicate a datum on a cylindrical part as shown in Figure A.12 and
Figure A.13. These indications are ambiguous and should be avoided. In some countries and companies,
Figure A.12 was interpreted as referring to the hole as the datum feature and Figure A.13 was interpreted
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as referring to the outside diameter of the shaft as the datum feature. In other countries and companies,
the figures were interpreted as referring to the generatrix as the datum feature.

//[02] K]

Form
the d
that i
indic4
datun

A.3.9
specif
brack

A.3.1
docur

The §

Figure A.12

¢d

_

Figure A:13

hlly, the syntax of the indications is not correct. If it is the cylindrical feature that i
htum feature, the datum indicator shall-be aligned with a dimension line. If it is t}
5 intended, it shall be indicated as a'datum target, because the feature principle m
ition refers to the entire identified\feature, unless otherwise specified. For the curj
h feature indication, see ISO 54.59:

It was a former practiee.to enclose the offset in square brackets for a specification
ication element. This praetice has changed, as the specification is unambiguous witho
ets. For the currentindication, see Figure 22.

D The line profile specification symbol was called “profile any line” in former ver
hent.

urfacesprofile specification symbol was called “profile any surface” in former ver

document.

intended as
le generatrix
eans that an
ent rules for

using the UZ
Lt the square

sions of this

sions of this

A4

Former practice from ISO 1101:1983

The following drawing indications were described in ISO 1101:1983. Their use in practice has shown
that their interpretation was ambiguous. Therefore, these drawing indications should no longer be used.

A4.1

It was a former practice to connect the tolerance indicator by a leader line terminating with
an arrow directly to the axis or median plane (see Figure A.14) or common axis or median plane (see
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