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PREFACE

This Standard was prepared by the Standards Australia Committee ME/27 on Engineering Tolerance
Systems, Metrology and Surface Quality to supersede (in part) AS 1654 — 1974,Limits and fits for
engineering (metric units).

This Standard is Part 1 of a two-part series. Part 2 gives tables of standard tolerance grades and limit
deviations for holes and shafts.

The objective of this Standard is to provide engineers with a system of tolerancing in order to determine
the dimensional limits of a workpiece so that function can be satisfied.

This Standard is identical with and has been reproduced from ISO 286-1:1988,ISO system of limits and
fits, Part 1:Bases of tolerances, deviations and fits.

As this Standard is reproduced from an International Standard, the following applies:

(a) Its number appears on the cover and title page while the International Standard number appears only
on the cover.

(b) In the source text, ‘this International Standard’ should read ‘this Australian Standard’.

(c) A full point substitutes for a comma when referring to a decimal marker.

Reference to International Standards should be replaced by equivalent Australian Standards, as follows:

Reference to International Standards Australian Standards

ISO
1 Standard reference temperature for

industrial length measurements

AS
—

286 ISO system of limits and fits
286-2 Part 2: Tables of standard tolerance

grades and limit deviations for holes
and shafts

1654 ISO system of limits and fits
1654.2 Part 2: Tables of standard tolerance

grades and limit deviations for holes
and shafts

R1938 ISO system of limits and fits
— Inspection of plain workpieces

—

8015 Technical drawings — Fundamental
tolerancing principle

—

 Copyright STANDARDS AUSTRALIA

Users of Standards are reminded that copyright subsists in all Standards Australia publications and software. Except where the
Copyright Act allows and except where provided for below no publications or software produced by Standards Australia may be
reproduced, stored in a retrieval system in any form or transmitted by any means without prior permission in wri ting from
Standards Australia. Permission may be conditional on an appropriate royalty payment. Requests for permission and information on
commercial software royalties should be directed to the head off ice of Standards Australia.

Standards Australia wil l permit up to 10 percent of the technical content pages of a Standard to be copied for use
exclusively in-house by purchasers of the Standard without payment of a royalty or advice to Standards Australia.

Standards Australia wil l also permit the inclusion of its copyright material in computer software programs for no royalty
payment provided such programs are used exclusively in-house by the creators of the programs.

Care should be taken to ensure that material used is from the current edition of the Standard and that it is updated whenever the
Standard is amended or revised. The number and date of the Standard should therefore be clearly identif ied.

The use of material in print form or in computer software programs to be used commercially, with or without payment, or in
commercial contracts is subject to the payment of a royalty. This policy may be varied by Standards Australia at any time.
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1

AUSTRALIAN STANDARD

ISO system of limits and fits —

Part 1:
Bases of tolerances, deviations and fits

0 Introduction

The need for limits and fits for machined workpieces
was brought about mainly by the inherent inaccuracy of
manufacturing methods, coupled with the fact that
“exactness” of size was found to be unnecessary for
most workpieces. In order that function could be
satisfied, it was found sufficient to manufacture a given
workpiece so that its size lay within two permissible
limits, i.e. a tolerance, this being the variation in size
acceptable in manufacture.

Similarly, where a specific fit condition is required
between mating workpieces, it is necessary to ascribe
an allowance, either positive or negative, to the basic
size to achieve the required clearance or interference,
i.e. a “deviation”.

With developments in industry and international trade,
it became necessary to develop formal systems of
limits and fits, firstly at the industrial level, then at the
national level and later at the international level.

This International Standard therefore gives the
internationally accepted system of limits and fits.

Annexes A and B give the basic formulae and rules
necessary for establishing the system, and examples in
the use of the standard are to be regarded as an
integral part of the standard.

Annex C gives a list of equivalent terms used in
ISO 286 and other International Standards on
tolerances.

1 Scope

This part of ISO 286 gives the bases of the ISO system
of limits and fits together with the calculated values of
the standard tolerances and fundamental deviations.
These values shall be taken as authoritative for the
application of the system (see also clause A.l).

This part of ISO 286 also gives terms and definitions
together with associated symbols.

2 Field of application

The ISO system of limits and fits provides a system of
tolerances and deviations suitable for plain workpieces.

For simplicity and also because of the importance of
cylindrical workpieces of circular section, only these are
referred to explicitly. It should be clearly understood,
however, that the tolerances and deviations given in
this International Standard equally apply to workpieces
of other than circular section.

In particular, the general term “hole” or “shaft” can be
taken as referring to the space contained by (or
containing) the two parallel faces (or tangent planes) of
any workpiece, such as the width of a slot or the
thickness of a key.

The system also provides for fits between mating
cylindrical features or fits between workpieces having
features with parallel faces, such as the fit between a
key and keyway, etc.

NOTE — It should be noted that the system is not intended
to provide fi ts for workpieces with features having other than
simple geometric forms.

For the purposes of this part of ISO 286, a simple geometric
form consists of a cylindrical surface area or two parallel
planes.

3 References

NOTE — See also clause 10.

ISO 1, Standard reference temperature for industrial
length measurements.

ISO 286-2, ISO system of limits and fits — Part 2:
Tables of standard tolerance grades and limit
deviations for holes and shafts.

ISO/R 1938, ISO system of limits and fits — Inspection
of plain workpieces. 1)

ISO 8015, Technical drawings — Fundamental
tolerancing principle.
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4 Terms and definitions

For the purposes of this International Standard, the
following terms and definitions apply. It should be
noted, however, that some of the terms are defined in
a more restricted sense than in common usage.

4.1 shaft: A term used, according to convention, to
describe an external feature of a workpiece, including
features which are not cylindrical (see also clause 2).

4.1.1 basic shaft: Shaft chosen as a basis for a
shaft-basis system of fits (see also 4.11.1).

For the purposes of the ISO system of limits and fits, a
shaft the upper deviation of which is zero.

4.2 hole: A term used, according to convention, to
describe an internal feature of a workpiece, including
features which are not cylindrical (see also clause 2).

4.2.1 basic hole: Hole chosen as a basis for a
hole-basis system of fits (see also 4.11.2).

For the purposes of the ISO system of limits and fits, a
hole the lower deviation of which is zero.

4.3 size: A number expressing, in a particular unit, the
numerical value of a linear dimension.

4.3.1 basic size; nominal size: The size from
which the limits of size are derived by the application of
the upper and lower deviations (see figure 1).

NOTE — The basic size can be a whole number or a decimal
number, e.g. 32; 15; 8,75; 0,5; etc.

4.3.2 actual size: The size of a feature, obtained
by measurement.

4.3.2.1 actual local size: Any individual distance at
any cross-section of a feature, i.e. any size measured
between any two opposite points.

4.3.3 limits of size: The two extreme permissible
sizes of a feature, between which the actual size
should lie, the limits of size being included.

4.3.3.1 maximum limit of size: The greatest
permissible size of a feature (see figure 1).

4.3.3.2 minimum limit of size: The smallest
permissible size of a feature (see figure 1).

4.4 limit system: A system of standardized tolerances
and deviations.

4.5 zero line: In a graphical representation of limits
and fits, the straight line, representing the basic size, to
which the deviations and tolerances are referred (see
figure 1).

According to convention, the zero line is drawn
horizontally, with positive deviations shown above and
negative deviations below (see figure 2).

Figure 1 — Basic size, and maximum and
minimum limits of size

4.6 deviation: The algebraic difference between a
size (actual size, limit of size, etc.) and the
corresponding basic size.

NOTE — Symbols for shaft deviations are lower case letters
(es, ei)and symbols for hole deviations are upper case letters
(ES, EI) (see figure 2).

4.6.1 limit deviations: Upper deviation and lower
deviation.

4.6.1.1 upper deviation (ES, es): The algebraic
difference between the maximum limit of size and the
corresponding basic size (see figure 2).

4.6.1.2 lower deviation (EI ei): The algebraic
difference between the minimum limit of size and the
corresponding basic size (see figure 2).

4.6.2 fundamental deviation: For the purposes of
the ISO system of limits and fits, that deviation which
defines the position of the tolerance zone in relation to
the zero line (see figure 2).

NOTE — This may be either the upper or lower deviation, but,
according to convention, the fundamental deviation is the one
nearest the zero line.

4.7 size tolerance: The difference between the
maximum limit of size and the minimum limit of size,
i.e. the difference between the upper deviation and the
lower deviation.

NOTE — The tolerance is an absolute value without sign.
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Figure 2 — Conventional representation of a
tolerance zone

4.7.1 standard tolerance (IT): For the purposes
of the ISO system of limits and fits, any tolerance
belonging to this system.

NOTE — The letters of the symbol IT stand for “International
Tolerance” grade.

4.7.2 standard tolerance grades: For the
purposes of the ISO system of limits and fits, a group
of tolerances (e.g. IT7), considered as corresponding to
the same level of accuracy for all basic sizes.

4.7.3 to le rance zone : In a graphic al
representation of tolerances, the zone, contained
between two lines representing the maximum and
minimum limits of size, defined by the magnitude of the
tolerance and its position relative to the zero line (see
figure 2).

4.7.4 tolerance class: The term used for a
combination of fundamental deviation and a tolerance
grade, e.g. h9, D13, etc.

4.7.5 standard tolerance factor (i, I ): For the
purposes of the ISO system of limits and fits, a factor
which is a function of the basic size, and which is used
as a basis for the determination of the standard
tolerances of the system.

NOTES

1 The standard tolerance factor i is applied to basic sizes
less than or equal to 500 mm.

2 The standard tolerance factor I is applied to basic sizes
greater than 500 mm.

4.8 clearance: The positive difference between the
sizes of the hole and the shaft, before assembly, when
the diameter of the shaft is smaller than the diameter of
the hole (see figure 3).

Figure 3 — Clearance

4.8.1 minimum clearance: In a clearance fit, the
positive difference between the minimum limit of size of
the hole and the maximum limit of size of the shaft (see
figure 4).

4.8.2 maximum clearance: In a clearance or
transition fit, the positive difference between the
maximum limit of size of the hole and the minimum limit
of size of the shaft (see figures 4 and 5).

4.9 interference: The negative difference between the
sizes of the hole and the shaft, before assembly, when
the diameter of the shaft is larger than the diameter of
the hole (see figure 6).

4.9.1 minimum interference: In an interference
fit, the negative difference, before assembly, between
the maximum limit of size of the hole and the minimum
limit of size of the shaft (see figure 7).

Figure 4 — Clearance fit
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Figure 5 — Transition fit

Figure 6 — Interference

4.9.2 maximum interference: In an interference
or transition fit, the negative difference, before
assembly, between the minimum limit of size of the
hole and the maximum limit of size of the shaft (see
figures 5 and 7).

4.10 fit: The relationship resulting from the
difference, before assembly, between the sizes of the
two features (the hole and the shaft) which are to be
assembled.

NOTE — The two mating parts of a fit have a common basic
size.

Figure 7 — Interference fit

4.10.1 clearance fit: A fit that always provides a
clearance between the hole and shaft when assembled,
i.e. the minimum size of the hole is either greater than
or, in the extreme case, equal to the maximum size of
the shaft (see figure 8).

Figure 8 — Schematic representation of
clearance fits

4.10.2 interference fit: A fit which everywhere
provides an interference between the hole and shaft
when assembled, i.e. the maximum size of the hole is
either smaller than or, in the extreme case, equal to the
minimum size of the shaft (see figure 9).

Figure 9 — Schematic representation of
interference fits
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4.10.3 transition fit: A fit which may provide either
a clearance or an interference between the hole and
shaft when assembled, depending on the actual sizes
of the hole and shaft, i.e. the tolerance zones of the
hole and the shaft overlap completely or in part (see
figure 10).

Figure 10 — Schematic representation of
transition fits

4.10.4 variation of a fit: The arithmetic sum of the
tolerances of the two features comprising the fit.

NOTE — The variation of a fit is an absolute value without
sign.

4.11 fit system: A system of fits comprising shafts
and holes belonging to a limit system.

4.11.1 shaft-basis system of fits: A system of fits
in which the required clearances or interferences are
obtained by associating holes of various tolerance
classes with shafts of a single tolerance class.

For the purposes of the ISO system of limits and fits, a
system of fits in which the maximum limit of size of the
shaft is identical to the basic size, i.e. the upper
deviation is zero (see figure 11).

NOTES

1 The horizontal continuous lines represent the fundamental
deviations for holes or shafts.

2 The dashed lines represent the other limits and show the
possibil ity of differentcombinations between holes and shafts,
related to their grade of tolerance (e.g. G7/h4, H6/h4, M5/h4).

Figure 11 — Shaft-basis system of fits

4.11.2 hole-basis system of fits: A system of fits
in which the required clearances or interferences are
obtained by associating shafts of various tolerance
classes with holes of a single tolerance class.

For the purposes of the ISO system of limits and fits, a
system of fits in which the minimum limit of size of the
hole is identical to the basic size, i.e. the lower
deviation is zero (see figure 12).

NOTES

1 The horizontal continuous lines represent the fundamental
deviations for holes or shafts.

2 The dashed lines represent the other limits and show the
possibil ity of different combinations between holes and shafts,
related to their grade of tolerance (e.g. H6/h6, H6/js5, H6/p4).

Figure 12 — Hole-basis system of fits

4.12 maximum material limit (MML): The
designation applied to that of the two limits of size
which corresponds to the maximum material size for the
feature, i.e.

— the maximum (upper) limit of size for an
external feature (shaft),

— the minimum (lower) limit of size for an
internal feature (hole).

NOTE — Previously called “GO limit”.

4.13 least material limit (LML): The designation
applied to that of the two limits of size which
corresponds to the minimum material size for the
feature, i.e.

— the minimum (lower) limit of size for an
external feature (shaft),

— the maximum (upper) limit of size for an
internal feature (hole).

NOTE — Previously called “NOT GO limit”.
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5 Symbols, designation and interpretation of
tolerances, deviations and fits

5.1 Symbols

5.1.1 Standard tolerance grades

The standard tolerance grades are designated by the
letters IT followed by a number, e.g. IT7. When the
tolerance grade is associated with (a) letter(s)
representing a fundamental deviation to form a
tolerance class, the letters IT are omitted, e.g. h7.

NOTE — The ISO system provides for a total of 20 standard
tolerance grades of which grades IT1 to IT18 are in general
use and are given in the main body of the standard.
Grades IT0 and IT01, which are not in general use, are given
in annex A for information purposes.

5.1.2 Deviations

5.1.2.1 Position of tolerance zone

The position of the tolerance zone with respect to the
zero line, which is a function of the basic size, is
designated by (an) upper case letter(s) for holes
(A . . . ZC) or (a) lower case letter(s) for shafts (a . . .
zc) (see figures 13 and 14).

NOTE — To avoid confusion, the following letters are not
used:

I, i; L, l; O, o; Q, q; W, w.

5.1.2.2 Upper deviations

The upper deviations are designated by the letters “ES”
for holes and the letters “es” for shafts.

5.1.2.3 Lower deviations

The lower deviations are designated by the letters “El”
for holes and the letters “ei” for shafts.

5.2 Designation

5.2.1 Tolerance class

A tolerance class shall be designated by the letter(s)
representing the fundamental deviation followed by the
number representing the standard tolerance grade.

Examples:

H7 (holes)
h7 (shafts)

5.2.2 Toleranced size

A toleranced size shall be designated by the basic size
followed by the designation of the required tolerance
class, or the explicit deviations.

Examples:

32H7
80js15
100g6

100 0,012
0,034

ATTENTION — In order to distinguish between holes
and shafts when transmitting information on equipment
with limited character sets, such as telex, the
designation shall be prefixed by the following letters:

— H or h for holes;

— S or s for shafts.

Examples:

50H5 becomes H50H5 or h50h5
50h6 becomes S50H6 or s50h6

This method of designation shall not be used on
drawings.

5.2.3 Fit

A fit requirement between mating features shall be
designated by

a) the common basic size;

b) the tolerance class symbol for the hole;

c) the tolerance class symbol for the shaft.

Examples:

52H7/g6 or 52
H7
g6

ATTENTION — In order to distinguish between the
hole and the shaft when transmitting information on
equipment with limited character sets, such as telex,
the designation shall be prefixed by the following
letters:

— H or h for holes;

— S or s for shafts;

— and the basic size repeated.

Examples:

52H7/g6 becomes H52H7/S52G6 or h52h7/s52g6

This method of designation shall not be used on
drawings.

5.3 Interpretation of a toleranced size

5.3.1 Tolerance indication in accordance with
ISO 8015

The tolerances for workpieces manufactured to
drawings marked with the notation, Tolerancing
ISO 8015, shall be interpreted as indicated in 5.3.1.1
and 5.3.1.2.
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