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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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Introduction

This document is intended for all fields of application. See other parts of ISO 129 for information
pertaining to specific application areas.

The principles of tolerancing and the interpretation of tolerance presentations are given in the
ISO 14405 series.

Figures in this document illustrate the rules and are not intended to show complete representations. It
should be understood that third-angle projection could equally well have been used without prejudice
to the principles established.

vi © ISO 2018 - All rights reserved
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INTERNATIONAL STANDARD ISO 129-1:2018(E)

Technical product documentation (TPD) — Presentation of
dimensions and tolerances —

Part 1:
General principles

1 S

This
toler
appli

This
ISO 1

infor

cope

document establishes the general principles for presentation of dimension’s andl associated

inces that apply to 2D technical drawings in all disciplines and tradesCbut which
bd to 3D applications.

can also be

document does not cover the application of dimensional toleranees and their meaning. See
4405-1 for tolerancing principles. This document can only be used-to describe the nominal model
of a drawing, not the non-ideal surface model (skin model) used far tolerancing purpos

mation on tolerancing specifications, see the list of GPS standards listed as normative

as bibliography)

Cons
appli

All ry

bs (for more
reference or

dering the ISO 14405 series, the presentation of tolerance indication is unambiguoiys when it is

bd to a dimension which is a size and ambiguous when the dimension is not a size.

les presented in this document are available for any type of drawing (see ISO 29845)

In addition, this document introduces the concept of property indicators, developed leng|

surfal
NOTE

NOTH

ce indicators, flag notes and textual instructions.
1  Allfigures are shown in 2D viewsonly.

2 Additional information and details for construction engineering are given in ISO 6284.

2

ormative references

th, between,

The following documents’ are referred to in the text in such a way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited
undafed references;-the latest edition of the referenced document (including any amendmejnts) applies.

SO 128-20, Technical drawings — General principles of presentation — Part 20: Basic conven

ISO 128422, Technical drawings — General principles of presentation — Part 22: Basic con
appligations for leader lines and reference lines

applies. For

ions for lines

|ventions and

[SO 128-24:2014, Technical drawings — General principles of presentation — Part 24: Lines on mechanical

engin

ISO 3

eering drawings

098 (all parts), Technical product documentation — Lettering

ISO 10209, Technical product documentation — Vocabulary — Terms relating to technical drawings,
product definition and related documentation

ISO 14405 (all parts), Geometrical product specifications (GPS) — Dimensional tolerancing

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

© ISO 2018 - All rights reserved
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 10209 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1 Elements of dimensioning

3.1.1
centre line
line or set offtwo perpendicular lines used to represent a median feature, e.g. an axis or a céntre plane

3.1.2
dimension line
straight or dqurved line with terminators at each end or origin and terminator gt\each end, indidating
the size of af feature or the extent of a feature or between two features, or hetween a feature anpd an
extension linp (3.1.3), or between two extension lines

3.1.3
extension line
line which id an extension of a feature outline or of a centre line (3.1.1)

3.14
origin symbol
circle indicating the start of running dimensioning or coprdinate dimensioning

3.2 Dimensions

3.21
angular dimension
angle of an angular feature of size or angle between two features

Note 1 to enfry: In mechanical engingering drawings, angular dimensions are classified as angular sizes or
angular distapces; see ISO 14405-2.

3.2.2
dimensiongl value
nominal numerical value®ekpressed in a specific unit relevant to a linear or angular dimension (3.2.4, B.2.1)

Note 1 to entiy: The tolerance limits and/or permissible deviations are applied to the dimensional value.

3.2.3
developed length
initial length of material prior to forming, e.g. by bending

3.2.4
linear dimension
linear size of a feature of size or a linear distance between two features

Note 1 to entry: In mechanical engineering drawings, linear dimensions are classified as linear sizes or linear
distances; see ISO 14405-2.

3.2.5
property indicator
symbol used to define the shape of a feature or property of an entity composed by several features

2 © ISO 2018 - All rights reserved
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4 Presentation of dimensions
4.1 Presentation rules

4.1.1 Dimensions

Only the dimensions necessary to unambiguously define the nominal geometry (nominal model) shall
be presented. Each dimension shall be presented only once by using a dimension line, a dimension value
preceded, and if necessary, by a property indicator. When there is a need to repeat the presentation of a

dimension, auxiliary dimensions may be used.

Dimg¢

Unled
featu

The {
line i
verti
dime

Dim¢

with
surfa

4.1.2

When a feature is repeated on the drawing, it is possible to simplify the indication of its d

the d

O r>Q O

— Ay

4.1.3
By d

only,
the d

4.1.4

re.

nsional values indicated in decimal notation, shall use a comma as the decimal marke

s otherwise specified, dimensions shall be indicated for the finished state of the

ext of all dimensions, graphical symbols and annotations shall be indicated above th
ind read from the bottom. When the text of a dimension, symbol~or annotation
cally, it shall read from the right. The determination of orientatiomyis based on the
nsion, symbol or annotation.

nsions alone are not sufficient to define the requirements-efia product. Dimensions {

ce texture requirements.

Repeated dimensions

rawing by indicating:

n one instance of the feature, the nominal dimension (with a property indicatq
ppropriate), preceded by the associated number of repetition, followed by a multiplics
) and a space (e.g. 2x 218) (see Figure 10). To avoid confusion, it is possible to identify ¢
f the repetition using a reference identifier (e.g. letter or symbol) (see Figure 64);

nominal dimension (with-a’property indicator symbol if appropriate) above a referend
5 attached to each member of the repetition (see Figures 49 and 50).

Out of scale dimensions

fault, a dimension line is drawn to the scale of the drawing. In exceptional cases, in
when thedimension value does not correspond to its dimension scale value (out-of-sc3
imensionvalue shall be marked by underlining the dimensional value (see 7.11 and Fi

I

limensioned

e dimension
s presented
entre of the

hall be used

other specification techniques as applicable, e.g. general ‘tolerances, geometrical tolerancing or

imension on

r symbol if
ition symbol
ach member

e line, which

2D drawing
1le features),
bure 70).

Auxiliary dimensions

A dimension value can be defined as a dimension for information purposes only. In this case, the
dimension value shall be placed into parenthesis, ( ). This kind of dimension is called an auxiliary
dimension (see 7.12 and Figures 65 and 66).

4.1.5

Theoretically exact dimensions

When a dimension value shall be considered as a theoretical exact dimension and not associated
with general * tolerancing or not an auxiliary dimension, it shall be placed in a rectangular frame (in
accordance with ISO 1101, 7.13 and Figure 71).
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4.1.6 Symmetrical dimensions

When the design of a part has one or more symmetries, it is possible to represent a portion of the part
which can allow reconstructing the complete part by symmetry (see 7.9). In this case, the dimensions,
shown only on the portion and the dimension line between two symmetrical features, are indicated
from the feature shown on the portion with a termination and cross perpendicularly the axis of
symmetry without termination (see Figures 65 and 66).

4.1.7 Characters and presentation

Characters on drawings shall be in accordance with the ISO 3098 series.

There shall
drawing.

A space shal

The dimensi
Examples 1

When uppe}

dimension limit values), the decimal marker of the upper and lower shall be’aligned. When a tole

limitis nots
had been di{

Trailing zerg

Example 1 Example 2
+(,20 0
2x 55-(,15 2x 55-0,15

Deviations 9
which case,

For toleranc
express the

4.2 Positi

be only one character height for dimension and tolerance presentation for 3 'sp

separate the elements of the dimension indicator (see Figures A.3 and A.4).

fon value and the lower deviation shall be at the same distance from the’dihension lin
hnd 2).

- and lower tolerance limits are presented in two separate lines (e.g. limit devia

hown with a decimal marker, the remaining digits shall bezaligned as if the decimal m
played (see Examples 1 and 2).

s may or may not be presented:

W “« n

hall always be presented with d “#” or “~” sign as appropriate, unless the value is ze|
no sign shall be presented (see Example 2).

es attached to a dimensién)displayed in accordance with ISO 286-1, it is not necessg
alues of the deviations‘unless they are needed (see Figure 1).

930 f7

-¢

Figure 1

oning of dimensions

ecific

e (see

rions,
fance
hrker

ro, in

ry to

Dimensions shall be placed in a view or section which shows the relevant feature(s) most clearly (see

Figure 2).
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Figure 2

Dimension lines for internal features and dimension linesfor external features shall, wherever possible,
be arfranged and indicated in separate groups of dimensiéns to improve readability (see Figure 3).

Figure 3
Where several features or objects are depicted in close proximity, their relative dimensions shall be
grouped together, separately, for ease of reading (see Figure 4).
Whenever possible, dimensions should not be placed within the contour of the depicted item.
Dimensioning of hidden features is not recommended and should be avoided unless absolutely necessary

and completely unambiguous.

© IS0 2018 - All rights reserved 5
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30

23

4.3 Units

For linear ur

For angular
and Figures

Any dimensjons expressed in adifferent unit of measure shall indicate that unit of measure.

5 Eleme

5.1 Genel

|
®18
o35

\
A u
- N
o | ¥ | O ] LV
< © =
N
i | | ||
\/ —
v A e
B 27 NP
21
- 68
Figure 4
of dimensions

its, the predominant unit on a drawing may be specified on the drawing or in an assodiated
document amd the unit omitted from the individual dimensions.

Himensions, the units shall-always be specified with the individual dimensions (see Figure 7

34 to 37).

hts of diménsioning — Usage

ral

Various elenllents of dimensioning are illustrated in Figure 5.
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Key

O 0 N O U1 b W N

5.2

Prop
type
refer

No p1

imension line

ominal dimension value

erminator (in this case, an arrowhead)
xtension line

pader line

pference line

rigin symbol

roperty indicator

pference letter

Property indieators

enced irTable 1).

Figure 5

operty indicator is required for the presentation of

erty indicator symbols (see Table 1) may be used to describe the shape of the feaf
of associated dimension. The symbol shall precede the dimension without a space

ure and the
(see figures

— linear dimensions between two parallel planes (see Figure 9), or two parallel straight lines (see
Figure 41), or

— angular dimensions between two intersecting planes (see Figures 7 and 59) or two intersecting

S
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traight lines.
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5.3 Dime
Dimension |
Dimension I
— lineard

— whi

—  whi

mension:

lead

nes shall be indicated in the case of:

Table 1
Property - . Example of pres-
indicator symbol Description Associated property entation
. Cylindrical feature or circular .
¢ Diameter feature described by its diameter. Ligures 2, 6 and 10
. Cylindrical feature or circular .
R Radius feature described by its radius. Ligures 8 and 14
Square feature with four equal
o Square angles and four equal sides Figures 4, 55 to 57
described by its side dimension.
Spherical Spherical feature described by its | ...
5¢ diameter diameter. Bigure 51
Spherical Spherical feature described by its | ...
SR radius radius. Ligure 52
~ Arc lenoth Curvilinear dimension of non-flat Fiouresi8 53 and 5
& feature (e.g. arc length). HISULESTE, B3 =
. Thickness Two offset features defined by its riftie 78
- (of thin objects) |thickness. o
¥ Depth Depth of a hole or internal feature.tFigures 39 and 41
Cvlindrical Cylindrical hole with a flat
L y bottom described by its diaineter |Figure 39
counterbore
and depth.
. Circular chamfer described by .
A4 Countersink a diameter and aRgy; Figure 40
Developed Length of featute prior to .
o length bending or ferming. Figure 77
Indication of the extent of a
restricted area, used in .
Between cenjunction with reference Ligures 54 and 81
letters.
nsion line

nes shall be indicated as continuous narrow lines according to ISO 128-20.

ch is a size‘of a feature of size indicated by a single dimension line (see Figures 6 and 2

chisradius generated from the geometrical centre of the circle of which the arc is paf
ing’to the outline of the arc (see Figure 8);

L7);

t and

— which is a distance between two features or an extent of restricted area parallel to the length
to be dimensioned (see Figures 10 and 83);

— angular dimensions or dimensions of an arc as a circular arc around the vertex of the angle or the
centre of the arc (see Figures 7 and 8).

Where space is limited, dimension lines may be extended past the extension lines and the arrowheads
placed outside of the extension lines and reversed (see Figure 2).

© ISO 2018 - All rights reserved
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24

®16

b al] pa
rigurc o

CY

Figure 7

/M 55

Where the feature is shown broken, the corresponding dimension line shall be shown unbroken (see
Figure 9).

© ISO 2018 - All rights reserved 9
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100

Figure 9

Dimension llnes of circular features may be indicated obliquely through the centre of the featurg¢ (see
Figure 10).

Intersection| of dimension lines with any other line should be avoided, but mwhere intersectipn is
unavoidablef they shall be shown unbroken (see Figure 10).

Centre lines|and the outlines of a feature shall not be used as dimension lines.
65

15 25

2x @18

40

40 15

Figure 10

Dimension lines may-be shown not in full, when:

— dimensipns,of diameters are indicated (see Figure 11);

— apartof a symmetrical feature is drawn in a view or section (see Figures 65 and 67);

— the reference feature for dimensioning is not on the drawing sheet and there is no need for its
presentation (see Figure 45, R140);

— simplified running dimensioning is used [see Figure 90 b)].

10 © ISO 2018 - All rights reserved
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Figure 11

5.4 | Terminators and origin presentation

5.4.1 Terminators
Termlinators shall be shown according to one of the following.representations (see Figure 12):

a) grrowheads: when an arrowhead is shown, it shallthe one of the following types (only one type of
gqrrowhead shall be used on a single drawing or set of drawings):

1) closed 30° filled, Figure 12 a);

) closed 30° unfilled, Figure 12 b);
3) open 30° Figure 12 c);

) open 90° Figure 12 d);
b) gblique stroke, Figure 12-€}-and f);

c) point, Figure 12 g).

Figures 12 c) and d)}terminators shall not be used for mechanical engineering purposes.

© ISO 2018 - All rights reserved 11
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T T

a) closed 30° filled b) closed 30°unfilled

T T

g)

The size ra
Where spac

Figure 14). V

— showng
— substity

— substitu
(see Fig}

5.4.2 Orig

The origin s

— the orig

c) open 30° d) open90°
e) oblique stroke f) oblique stroke between arrows

qmﬁ
point between arrows

Figure 12

b is available, the arrowhead terminators shall be shown between the extension line
Vhere space is limited, the arrowhead termination may be

utside of the extension lines on afi extended dimension line (see Figure 26, dimension 1
ted with either points or oblique strokes (see Figure 26, dimension 6), or

ted by the use of an opposing arrowhead or other terminator from another dimensio
ire 26, dimension 3, Figure 83 and Figure 100, dimension 5).

in presentation
ymbol may'be used for

n forrunning dimensioning (see 8.4), or

— the orig

r-of a coordinate system for coordinate dimensioning (see 8.5).

ios of the terminators illustrated in Figiire 12 shall be in accordance with Anngex A.

b (see

5), or

h line

The origin symbol shall be indicated on the dimension line at the location where a specific dimension or
multi dimensions start (see Figures 13 and 96).

The size rati

os of the origin circle illustrated in Figure 13 shall be in accordance with Annex A.

NOTE The origin symbol does not change the meaning of dimensional tolerances and does not function as

a datum.

12

—

Figure 13

© ISO 2018 - All rights reserved
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5.5 Extension line

Extension lines shall be drawn as continuous narrow lines according to ISO 128-20.

ISO 129-1:2018(E)

Extension lines should not be drawn between views and should not be drawn parallel to the direction

of hatching.

Extension lines shall extend approximately eight times the line width beyond their associated

dimension line.

Extension lines should be drawn perpendicular to the corresponding physical length (see Figures 5, 6,

11,14 and 15).

For dircular features, the extension line shall be drawn as a continuation of the featur

Figute 43, 260).

It is permissible to have a gap, eight times the extension line width, between the feat
beginning of the extension line (see Figure 15). Gaps can be used with any terminator.

The dentre line or outline of a feature or their extensions may be used in place of an exteng

Figuire 10).

Where common extension lines are shown, i.e. between repeatedfeatures, they should be c

be cojincident (see Figure 21).

b shape (see

ure and the

ion line (see

onsidered to

- 8 e 22 - 10 e 20
Figure 14

8 22 10 20
Figure 15

The extension lines may be drawn oblique to the feature but shall be parallel to each other (see

Figure 16).

© ISO 2018 - All rights reserved
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o}
o~
s
m
L N
A S
Y

2

Figure 16

When dimerjsioning, intersecting projected contours of outlines shall extend approximately eight fimes
the line width beyond the point of intersection (see Figure 17).

7

In the case ¢f projected contolir's of transitions and similar features, the extension lines apply 3t the
point of intefsection of the{projection lines (see Figure 18).

Figure 17

14 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=3bb6dd618fd5aaa54c36a77444e029b0

22

ISO 129-1:2018(E)

Extemsion lines may be interrupted if their continuation is unambiguous (see Figures 19 ar

Figure 18

%5

case pfangular dimensions, the extension lines are the extensions of the angle legs (see Figure 20).

917,26

Figure 19

© ISO 2018 - All rights reserved
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Figure 20

For repeated features, as an alternative to individual dimensions [see Figute 21 a)] or using comhmon
extension linies which can be ambiguous [see Figure 21 b)], the repeated feature dimension method “nx”
as described in 4.1.2 may be used [see Figure 21 c)].

100

b)

Figure 21 (continued)
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Figure 21

Leader line

br lines shall be drawn as continuous narrow lines according to I1SO 128-22 and shot
minator as defined in 5.4.1. Leader lines may also be used in conjunction with referer
e 5).

Dimensional values

Presentation

sure complete legibility on the original drawing, as well as reproductions made fron
SO 6428), lettering used for dimensions shall be in accordance with ISO 3098-2:2
Cal.

This lettering results in a charactér-height which is 10x the width of a narrow line. See |

Placement of dimensional values and symbols

nsional values shall be placed parallel to their dimension line. The space between th
nd the bottom of the-characters and symbols in the dimension shall be a minimum ¢

width between the dimension line and the bottom of the characters and symbols in the

accof
line.

Dim¢
unav

dance with Annex.A. The dimensions should be placed above and near the middle of th
bee Figures 22%and 23 and Annex A. For special cases, see 5.7.3.

nsional yaldés shall be placed in such a way that they are not crossed by any line.
pidable,interrupted extension lines as referenced in 5.5 (Figure 19) shall be used.

1ld end with
ce lines (see

n microfilms
000, Type B

50 128-20.

e dimension
f 2x the line
limension in
e dimension

Vhere this is
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Values of lijear dimensions on oblique dimension lines shall be oriented as shown in Figure 24. As
stated in 4.1} the values shall be indicated so that they can be read from the bottom or right-hand side
of the drawipg.
Values of arjgular dimensions-shall be oriented as shown in Figure 25. Angular dimensions shall be
placed on top of the dimensioi line and follow the same rule as linear dimensions; see 4.1 and Figufte 24.
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5.7.3] Special placement of dimensional values and symbols
The position of dimensional values may be adapted according to different situations:

a) if space is limited, dimensional values shall be placed above the extension of the dimension line
beyond one of the terminators (see Figure 26, dimensions 1,5 and 30°);

b) if the dimension line is too short for the dimensional value to be indicated in the usual way between
the extension lines, the dimensional values shall be placed on a reference line and attached to the
dimension line by a leader line, terminating on the dimension line (see Figure 26, dimensions 2 and 3);

c) the dimension line or leader line may be extended and a horizontal reference line added, allowing the
dimension value to be positioned horizontally above the reference line (see Figures 5, 10 and 27);

d) inrunning dimensioning, the values shall be indicated near the arrowhead (see Figures 88 to 90).

e) when dimensioning diameters, where there is no ambiguity, a single dimension line may be used,
i.e. without an opposing dimension line (see Figure 27, dimension 216).

© ISO 2018 - All rights reserved 19
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Figure 27

916

sinterpretation and improve readability, extension lines and dimension lines may be
here many dimensions of the same orientation exist (see Figure 28). The omission of a

e dimension line is unambiguous only for diameters.

-

$310
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$280
265

$250
$220
ERLLLENY

h

9400

Figure 28

5.8 Alpha numerical characters and symbols representing dimensional values

5.8.1 Alpha numerical characters representing dimensional values

Letters may be used to represent dimensional values and these shall be defined on the same drawing or

in associated documentation (see Figure 29).

20
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Letters on drawings shall be shown according to ISO 3098-2, preferably using upper case, with the
exception of when indicating the classes in limits and fits dimensions (see ISO 286-1) and when used
for tabulated dimensions. The letters |, O, Q, q, X, Z or letters used for dimensional symbols according to
5.2,i.e. Rand t, should not be used to avoid conflicts and avoid misinterpretation.

Greek letters according to ISO 3098-3 may be shown for the presentation of angular dimensions.

5.8.2 Symbols added to dimensional values

Symbols to dimensional values, e.g. @ for diameter, ~ for arc length, () for auxiliary dimensions and M
for metric threads, may be assigned to the dimensional value or the letter representing the dimension.

Only prie method shath be used o a given drawing (see Figures 29 and 307-

5.9 | Tabular dimensioning

This method of dimensioning enables a series of variable common features of @feature orjassembly to
be priesented in tabular form (see Figures 29 and 30).

This method of dimensioning may be used for a family of parts. See Figures’29 and 30.

2x RI‘1
A
B |
A | A
- I e L
v y
v
v | T—t=r
3 b .
- 4
Part Nol @ | d | 4 | L | n || wlVY
1 12 | 10 {100 | 50 16 | 32 | &
2 16 | 16 [ 120 | 6L 20 | 40| 6
3 20 | 20 |140| 78 24 | 48| 8

Eicure 29

© ISO 2018 - All rights reserved

TI5ure—=

21


https://standardsiso.com/api/?name=3bb6dd618fd5aaa54c36a77444e029b0

ISO 129-1:2018(E)

2x rq

Part Nol @ | d | 4 | L | m || w ]|V
1 12| ®10| 100 | 50 | R6 [R16| 32 |t=&
2 o016 | ®16| 120 | 64 | R6 |R20| 40 | t=6
3 020|{®20[ 140 | 78 | R8 |R24| 48 [\t=8

Figure 30

5.10 Complementary indication

Complementary indication may be added to dimensions to indicate
— dimensipnal specification (see Clause 6)

— information only (see 7.12),

— dimensipn used for construction (see 7.10), and

— other puyrposes (e.g. company specific indications such as quality management requirements)

6 Presentation of. dimensional tolerances

6.1 General

The normatjve_rules for dimensional tolerancing, given in the ISO 14405 series, shall be applidd for
mechanical engineering. However, it should be noted that the rules from ISO 14405 series may also be
applied to other fields of engineering. Some of these rules are summarized here for information.

Depending on the field of application, the tolerances of dimensions may be indicated by

— limit deviations (see 6.2), and

— limits of dimension (see 6.3).

6.2 Limit deviations
The components of a toleranced dimension shall be indicated in the following order (see Figures 31 to 33):

a) the dimensional value;

22 © ISO 2018 - All rights reserved
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b) the limit deviations.

A space shall separate the dimensional values and the tolerance presentation (see Figures 1, 31 and 38).

Limit deviations shall be specified by indicating the upper deviation above the lower deviation (see
Figures 31, 32 and 34) or by means of an ISO code (see Figure 1).

The tolerance limits can be described directly without the presentation of the limit deviations (see
Figure 37).

NOTE The nominal value of the dimension is not identified.

ut a sign (see Figure 32).

If theltolerance is symmetrical in relation to the dimensional value, the limit deviatiensshall

only

Fora
(see ]
eithe
be prf

Anguy

© ISO

bnce, preceded by the plus-minus sign () (see Figure 33).

+1
30 -2

) l
Figure 31

0

Figure 32

30 +1

Figure 33

hgular dimensions/the’angular dimensional value, as well as the limit deviations, shall
Figures 34 to 37)-If the angular dimensional value or the angular limit deviation is
I minutes of a‘degree or seconds of a minute of a degree, the value of the minute or sg

eceded by 020t 0° 0 (see Figures 34 and 35).

+0°0"15"
#1° -0°0'30"

lar dimensions can be presented using decimal degrees or using degrees, minutes and seconds.

o TN

Figure 34

2018 - All rights reserved
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Figure 36

Figure 37

6.3 Limit|dimensioning

To limit a dithension in one direction; only the word “min.” or “max.” shall be added after the dimengional
value (see Figure 38).
32 min.

Figure 38

7 Presentation of special dimensions

7.1 Arrangement of graphical and letter symbols with dimensional values

The property indicators shall be used with dimensions to identify the feature characteristics. Where
used, the property indicators shall directly precede the dimensional value without space (see Table 1,
Figure 8, Figures 39 to 57, Figure 78 and Table A.1).

For chamfers and countersink with a 45° angle, the dimension indications may be simplified by
indicating on one dimension line/reference line the extent dimension followed by a space and the
multiplication symbol (x) followed by a space and ending with 45° see Annex B, Figure B.2.

24 © ISO 2018 - All rights reserved
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Where a counterbore is dimensioned by using a cylindrical counterbore symbol, the diameter and
depth of the counterbore shall be specified below the dimension value of the hole [see Figure 39 a)]. The
dimensions presented in Figures 39 a) and b) are equivalent.

Where a countersink is dimensioned by using a countersink symbol, the diameter at the surface and the
included angle of the countersink shall be specified below the dimension value of the hole [see Figure 40
a)]. The dimensions presented in Figures 40 a) and b) are equivalent.

Where the depth symbol is presented, the associated value relates to the depth of the full feature, i.e.
the cylindrical portion of the hole (see Figure 41) or counterbore (see Figure 39). When dimensioning
blind holes, the depth symbol and value may follow the hole dimension (see Figure 41).

®5 @8
L1e8 ¥ 25 D
| v
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i 7o)
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a) b)
Figure 39
@5 90°
88 x 90° /F\
=¢8=
© '
|
Y |
3
a) b)
Figure 40
®5v 12 . . 9%
3 / : A A

ad

Figure 41
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7.2 Diameters

The graphical symbol @ indicates that the cross-section of the feature is a circle. The graphical symbol @
shall precede the dimensional value (see Figures 42 and 43).

The graphical symbol @ shall be indicated when dimensioning the diameter of a circular feature.

Diameters should be indicated when the arc to be dimensioned is greater than 180° (see Figure 43,
dimension @60). The application should dictate whether a radius or diameter dimension is used. In
general, a diameter dimension should be used for arcs greater than 180°.

When a diameter is illustrated by one arrowhead, the dimension line shall exceed the centre (see
Figure 43, dimension 244).

If leader lings are used for dimensioning of diameters, see 5.6 and Figures 5, 10 and 63.

A

®16
|
1
|
|
|
|
[
|
|
|
¢8

Figure 42

Figure 43

7.3 Radii

7.3.1 Genpral

The letter symbol R indicates that the cross-section of the feature is a portion of a circle. The letter
symbol R shl i i igure 44)

When dimensioning radii, only one terminator shall be used. It shall be indicated at the intersection
of dimension line and arc (see Figure 45). In the case of an arrowhead as terminator and depending
on the size of the radius on the drawing, the arrowhead may be either inside or outside the outline or
extension line of the feature.

Where the centre of an arc indicated on a drawing falls outside the available space, the dimension line
of the radius shall be either broken or staggered according to whether or not it is necessary to locate
the centre (see Figure 45).

Where it is necessary to indicate the centre of a radius for positioning purposes, the centre shall be
marked by a cross constructed from solid lines, the dimension of which shall be 10x the line width used

(see Figure 45).
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In the case when it is clear and unambiguous, a radius dimension may be applied to an edge (see

Figure 45, R0,2).

Where the location of the centre of the radius is not explicitly dimensioned and the contour appears
tangent continuous, then the contour is tangent continuous and the centre location is derived from this

tangency property.
A radius should be indicated when the arc to be dimensioned is less than 180° (see Figure 45).

The application should dictate whether a radius or diameter dimension is used. In general, a diameter
dimension should be used for arcs greater than 180°.

TZ
YR
Figure 44
A 58,7 ‘
RO,2
S
)
S
=
Q-
—
S
| o
) 5
SEEETAN
N
\] \
Figure 45

7.3.2 Dimension location of radius centre

If the centre of a radius is not given by the geometry of adjacent features, the dimensions required to
define its location shall be indicated (see Figure 46).

© ISO 2018 - All rights reserved 27
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Figure 46

7.3.3 Senticircle features

The radius of a semi-circular feature which connects parallel lines is indicated usingjone of the follqwing
methods depending on the design function:

— where the dimension of the radius can be derived from other dimensions, it may be indicated with
aradius|arrow and the symbol R without any presentation of the value{(see Figure 47);

NOTE Alternatively, the symbol R can be indicated with a value as/ah.auxiliary dimension, i.e. R(8).

— by specifying the dimension for the location of the centre of the radius and directly specifyirlg the
radius value (see Figure 48).

50

-

16

Figure 47

Riocnre 49
TISUTCTTUO

7.3.4 Combined radii presentation

The dimension lines for two or more radii of the same magnitude may be combined (see Figures 49
and 50).

28 © ISO 2018 - All rights reserved
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R5

Figure 49

e
45

Figure 50

7.4 |Spheres

Spherical shapes shall be indicated by the symbols So for diameter and SR for radius. The symbol used
shall|precede the dimensional value (see Figures 51 and 52).

S¢50

)

Figure 51

SR10

Figure 52

7.5 Between

Where the limits of a feature characteristic may be ambiguous, i.e. the extent of surface treatment, the
property indicator between symbol (see 5.2, Table 1) and associated annotation may be used to clarify
the requirement. In this case, leader lines, reference lines (if required) and letters are presented to
identify the extent (start and finish point) of the feature characteristic. The specification of the feature
characteristic should be presented on the drawing (near the feature) followed by the first letter, a space,
the between symbol, a space then the second letter A <= B (see Figures 54 and 81).

© ISO 2018 - All rights reserved 29
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7.6 Arcs, chords and angles

The dimensioning of arcs, chords and angles shall be as shown in Figure 53. The graphical symbol of an
arc m [see Figure A.1 g)] shall precede the dimensional value.

Figure 53 shows the indications of an arc length, chord length and angular distance illustrated for the
same part.

30 © ISO 2018 - All rights reserved
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Figure 53

In the case of angles less-than and including 90°, the extension lines shall be drawn p4rallel to the
bisecting line of the angle, Each arc dimension shall be indicated with its own extension lirfes.

The ¢xtension lines for dimensioning arc or chord length shall point to the centre of the arc. If the
relatjon between‘thé arc length and the dimensional value is ambiguous, it shall be inflicated by a
leadqr line and-a’reference line, terminated by an arrowhead at the arc length to be dimephsioned (see
Figurne 54).

Alterjnatively, the application of the between symbol and associated annotation (see 7.5)|may also be
usedlta idpnfify the start and finish point of the dimension_In this npp]irzfinn, the start and finish point

of the arc or chord length are explicitly indicated and dimensioned (see Figure 54).

Linear or angular dimensions of arcs are indicated on a dimension line between two extension lines
(see Figure 54).
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Figure 54

7.7 Squares

The graphical symbol [ shall be indicated where a square feature is shown as a square in the projgction
plane or at 1jight angle to the projection plane. The graphical symbol I shall precede the dimengional
value. If the[tolerances are the-same for both sides of the square, the square may be dimensioned by
only dimensjoning one side of th€ square (see Figures 55, 56 and 57).

NOTE The presentationlofflat surfaces, Figures 4, 55 and 56, are described in ISO 128-34.

okl

L

Figure 55
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7.8

7.8.1

Whet
simp

Repepted linear and”angular spacing may be indicated with the number of spacing
dimehpsional value‘separated by the symbol “x” (see 4.1.2). The number of spacings s

precd
If the

may additionally be dimensioned as an auxiliary dimension (see 4.1.4, and 7.12 and Figure

The {

Figure 56

o60

Figure 57

Equally spaced and repeated features

Equally spaced features

e features have the same spacing and are uniformly arranged, their dimension
ified as follows:

de the symbal x without space and the dimensional value shall be preceded by a spacg
re is any(risk of confusion between the length of the space and the number of spacing

ing may be

s and their
hall directly
p, e.8. 17x 18.
'S, one space
58).

pn (see 4.1.4

uin, of the linear or angular spacing of the indicated features is an auxiliary dimensi

and 7

Ela 11 Lo O 1 Dl 1 L Ll 1 L 1 1 1 1
L4 dIUTIEUIES 00, 07 dIIU DU J. TIIE LOUAT TEPIESCIILALIOIT IS LU DE HIUICALEU 45 LIIC ITUIID

r of spacing

multiplied by the dimensional value of the spacings and the sum given in parenthesis preceded by the
equal sign. A space should separate the dimensional value and the sum.

Where repeated features are duplicated, the number of groups and symbol “x /” shall precede the
number of spacings and their dimensional value as shown in Figure 66.

© ISO
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Cing may be dimensioned as shown in Figure 59.

5x 10°30" {=52°304

Figure 59

tpaced features on a circle, the arnigular spacing may be omitted where the spacing i
the presentation does not lead to-confusion (see Figure 60).

Figure 60

self-

Circular spacings may be dimensioned by indicating the dimensions and the number of features (see

Figure 61).

NOTE See Annex C for former practice for circular spacings.

34
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Figure 61

7.8.2] Repeated features

Where clarity is not impaired, features having the same dimensional value may be indidated by that

valug preceded by the number ofifeatures and the symbol “x”. The number of features shall directly
precgde the symbol “x” withodt)a space and the dimensional value shall be preceded by @ space after

“«_n

the symbol “x” (see Figures 62 and 63).

Figure 62
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Figure 63

hlated repeated features

eating the same dimensional valde or to avoid long leader lines, reference letters may be

used in conjunction with an explanatory.table or note (see Figure 64). The reference letters fdr the

features ma
without lead

y be placed on leader lings)'as shown in Figure 64 a), or placed adjacent to the features
er lines as shown in Figure 64 b).
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Figure 64

7.9 | Symmetrical workpieces and views

The dimensions of symmetrically arranged features shall be indicated once only (sge 4.1.6 and
Figures 65, 66 and 67). The total number of repeated dimensions shall be indicated, followed directly
(i.e. without a space) by the symbol “x” and followed by the indication of the dimension preceded by a
space, e.g. 6x R8.

Usually, the line of symmetry of features shall not be dimensioned (see Figures 65 to 67).

In the case of half or quarter representations, and if also required in the case of full representations,
a symmetry symbol (see ISO 128-30) shall be indicated at both ends of the line of symmetry (see

Figures 65 to 67).

In the case of half or quarter representations, the dimension lines that need to cross the line of
symmetry shall extend past the axis of symmetry; the second termination shall then be omitted (see

Figures 65 to 67).
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Figure 66
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Figure 67

Aside from the presentation of dimensions, other requirements for symmetrical features shall be
indicpted only once in symmetrical views (e.g. presentations of surface texture, edges ¢f undefined
shape and geometrical specifications such as forms orientation and location). The total number of
requirements shall be indicated by using the “nx” symbol.

7.10( Presentation of levels

The presentation of levels are generally.tised in construction type activities and refer tp a distance
from|a known datum (often finished floor level).

Levels on vertical views, sectiods-and cuts shall be indicated by a vertical leader line terminated with
an open 90° arrowhead connected with horizontal reference lines, above which the numefical value of
level|is placed (see Figure.68)”The length of the 90° elements of the arrow head should bq at least 10x
the line width.

Levels for specified/points on horizontal (planes) views and sections shall be indicated by|a numerical
valug of the levelplaced above a reference line connected to the point indicated by “X” (seg¢ Figure 69).
The lpength of the'crossed lines should be at least 20x the line width.

+119,50

Figure 68

: E +1 200

Figure 69
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7.11 Dimensions of out-of-scale represented features

The dimensions for out-of-scale represented features shall be marked by underlining the dimensional
value with a narrow line according to ISO 128-20 (see 4.1.3 and Figure 70). Out-of-scale represented
features should only be used in exceptional cases, e.g. modifications to an existing drawing where
recreating the drawing is not practical.

Out-of-scale dimensions shall not be used in 3D models (see ISO 16792).
5 18

A
!

o12
|
|
|
|
|
|
|
|
|
|
|
!
|
|
|
|

Figure 70

7.12 Auxiljary dimensions

Auxiliary dimensions (see 4.1.4) are presented for information, purposes only. Generally, they can be
derived from other dimensions (see Figures 65 and 66).

An auxiliary] dimension should not be toleranced neithe’by an individual GPS specification nor hy the
mean of a general tolerancing.

7.13 Theoretical exact dimensions

When a dimlension is considered to be a,theoretical exact dimension (see 4.1.5), the dimension yalue
shall be surtounded by a squared box défined by a narrow line as presented in Figure 71. A theorgtical
exact dimenpion shall never be toleraneed.

Figure 71

7.14 DimepSioning of curved features

7.14.1 Curved features defined by radii

Dimensioning of curved features defined by radii shall be indicated by a combination of dimensioned
arc centres and radii values (see Figures 72 and 73).
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7.142 Curved'features defined by coordinate dimensions
Dimensioning of curved features using Cartesian or polar coordinates shall be indicated by dimensions

to pojntsion the profile (see Figures 74 and 75).
Polarg_ﬁi—l‘_l‘l‘ﬂ—d—rm_ﬁi‘_d—ﬁcoor inate dimensioning of Simplified running dimensions USINg tabulated indications is shown
in Figure 76.

The interpolation of points between the indicated points (e.g. by linear interpolation, spline, etc.) should
be specified on the drawing (e.g. by using a flag note or other method) or associated document.
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Figure 76
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7.15 Dimensioning of developed views

If it is necessary to indicate for information, the initial outline of a finished workpiece (e.g. the length of
a workpiece before bending) may be presented by long dashed double-dotted narrow lines according to
[SO 128-24:2014, type 05.01 and dimensioned as auxiliary dimensions; see 4.1.4, 7.12 and Figure 77 a).

Where the initial outline is not represented, the symbol for developed length may be used to indicate
this dimension [see Figure 77 b) and c)].

The developed length symbol and dimension may be shown as an auxiliary dimension when appropriate
[see Figure 77 c)].
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ﬁ < 1 >
_ ( a. 30)
)
Figure 77

7.16 Dimensioning of thin parts

7.16.1 Thickness indication

The thickness of a part may be indicated by the symbol “t=" followed by the thickness dimension
attached to one surface with a leader line terminated with a point [see Figures 78 a) and b)].
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Figure 78

7.16.2 Surf

When thin p
the wide lin
and 80). Thi
non-modellg
dimension a

ace indication

arts according to ISO 128-50 are dimensioned, a surface indicator symbol shall be added to
e representing the section to indicate which surface is being dimensioned-(see Figures 79
s symbol is composed of a short line segment which represents the non-dimensiongd or
d surface(s). When the surface indicator is composed of two shortline segments, then the
pplies to the median surface.
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Drawing presentation

b) Interpretation

Figure 79

The symbology as specified above may be straight forwardly applied to curved surfaces. When a
surface indicator symbol is indicated on a curved surface, it applies to the whole surface and not the
individual feature where it is attached (see Figure 80).

For the dimensioning of the whole surface, consideration should be given to using the “Between” symbol
and associated annotation if there is any ambiguity; see 7.5, Table 1 and Figures 54 and 81 for examples.

44

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=3bb6dd618fd5aaa54c36a77444e029b0

b)

Figure 80

7.17 Dimensioning of restricted areas

ISO 129-1:2018(E)

N N N g

7.17]1 General Rules

Whei dimensioning a restricted area of a surface to indicate a condition or specification,
its loration shall be presented as a long dashed dotted wide line in accordance with 1SO

type 04.2.

7.172 Dimensioning of restricted areas on surfaces of revolution

Where the location and extent of a requirement applies to a restricted portion of a feature,
dimepsioning is necessary (see Figure 81). The line indicating the area shall be drawn

parallel to the surface at a short distance from it.

the area and
128-24:2014,

appropriate
ndjacent and

When the requirement applies to the entire circumference,of the surface, only the length of the area
needs to be indicated, and it shall be shown only once (see Figure 81).

If thé¢re is any ambiguity in specifying the restricted area, the use of the “Between”

assodiated annotation should be considered [see Z5, Table 1 and Figure 81 b)].

symbol and

a)
B = e A
A
$20 01 A<—B
b)
Figure 81

When the requirement applies to a restricted area of the cylindrical feature, the angular extent shall be
dimensioned in a separate view (see Figure 82).
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Figure 82

7.17.3 Dimensioning of restricted areas on other than surfaces of revolution

The extents
depicted ang

Where the d
of the restri

of the area shall be dimensioned as needed based on the shape, The outline of the a
| the area should be emphasized, e.g. by hatching (see Figure 83))

Figure 83

rawing clearly shows the extent and location of the indicated restricted area, dimensi
'ted area is not necessary,(see Figure 84).

rea is

bning

|

Figure 84

If there is any ambiguity in specifying the restricted area, the use of the “Between” symbol and

associated a

NOTE Fo

46

nnotation should be considered (see 7.5, Table 1 and Figure 81 b)].

r further specification of restricted areas, see ISO 1101 and ISO 14405-1.
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8 Arrangements of dimensions

8.1 General

The arrangement of dimensions on a drawing shall indicate clearly the design purpose. Generally, the
arrangement of dimensions is the result of a combination of various design requirements.

Dimension lines shall be arranged as parallel, chain or running dimensioning or in combination.

8.2 Chain dimensioning

When using chain dimensioning, chains of single dimensions are arranged in a row (see Eigure 85).

10| 20 |10 28 15

103

Figure 85

8.3 | Parallel dimensioning

When using parallel dimensioning, the dimension lines are drawn parallel in one, tywo or three
orthqgonal directions or concentrically (see Figures 86 and 87).

V!

30

79

10U

Figure 86
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8.4 Runn

8.4.1 Gen

Running din
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Dimensiona
— inline W
— above al
An alternatd

— the star
location

Figure 87

ing dimensioning

eral

hensioning is simplified paralle[*dimensioning. The origin(s) of the dimension line(s
accordance with 5.4.2 (see Eigures 88 to 92).

values are placed near(the terminator, remote from the origin, and may be either

ith the corresponding extension line [see Figures 88, 89, 90 a) and 92], or

nd clear of thediyiension line (see Figure 91).
representation of running dimensions may be used where

t of running dimensioning shall be indicated by using the origin symbol in an approf
(séeFigures 88 and 89), and

) are

riate

— the dimension values are shown on abbreviated dimension lines, where only one arrow is used
directed to the feature to which the dimension value applies [see Figure 90 b)].

Where there is no ambiguity, running dimensions may be simplified with the dimensions placed on a
common reference line (see Figure 93).

8.4.2 Unidirectional and bidirectional running dimensions

Unidirectional running dimensioning uses one origin and one set of dimension lines aligned in the same
direction (see Figure 88).

Bidirectional running dimensioning uses one origin and two sets of dimension lines aligned in opposite
directions (see Figure 89).
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Unidirectional and bidirectional running dimensioning in more than one orientation can be indicated
on a drawing [see Figures 90 a) and b), 91 and 92].

%
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Figure 88
NOTE The use of the origin symbol does not imply a datum; consequently,\tliere are no dimensioning
differences between Figures 86 and 88.
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8.5 Coord

8.5.1 Cartesian coordinate dimensioning

Cartesian c
directions (3

The positive
values indic

The origin u

The coordin
of the coord
reference lef
using a leads

2018(E)

60, 9100, 120

Figure 93

linate dimensioning

pordinates are defined starting from the origin by linear dimensions in ortho
ee Figures 94 and 96). Neither dimension lines nor extefision lines are drawn.

and negative directions of the coordinate axes are*shown in Figure 95. The dimens
ited in the negative directions shall have negative signs.

ed for coordinate dimensioning shall be indicated (see Figures 94 and 96).

htes may be indicated by a reference letter which appears in a table together with the
inate (see Figure 94) or by the direct presentation of the coordinates (see Figure 96]
ters or the coordinate value may beplaced adjacent to the coordinate location or indi
br line. Designations for position(may be numerical or alphanumerical.

bonal

ional

value

. The
rated
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The main coordinate system may have subsystems. If this is the case, the coordinate system number
and the specific positions shall be numbered continuously by Arabic numbers. A point shall be used as a
separation symbol (see Figure 97).

8.5.2 Pold

Polar coordi
indicated cg
narrow lines

1.6 1.5
17 ! !
—f - -t
Y 2.3 | 12.2
T 14
. 121
-9 g X 13
Y
11 1.2
1
X
Coordinate
system Position X Y d
number
1 1.1 10 10 —
1 1.2 50 10 —
1 1.3 50 20 —
1 1.4 80 30 —
1 1.5 80 50 —
1 1.6 30 50 —
1 1.7 10 40 —
1 1.8 20 20 210
2 21 20 10 25
2 2.2 30 20 210
2 2.3 10 20 25
Figure 97
r coordinat€ dimensioning
nates are“defined starting from the origin of the radius and angle. They shall alwajs be
untersclockwise relative to the polar axis. The point may be indicated by 90° crpssed
(see Figure 98). The length of the crossed lines should be at least 20x the line width.
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