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National foreword

This British Standard has been prepared under the direction of the Machine,
Engineers’ and Hand Tools Standards Committee. It is identical with

ISO 5166:1982 “System of cone fits for cones from C =1 : 3 to 1: 500, lengths
from 6 to 630 mm and diameters up to 500 mm” which was prepared by Technical
Committee ISO/TC 3 of the International Organization for Standardization (ISO)
and in the development of which the UK played an active part.

Terminology and conventions. The text of the International Standard has
been approved as suitable for publication as a British Standard without
deviation. Some terminology and certain conventions are not identical with those
used in British Standards; attention is drawn especially to the following.

The comma has been used as a decimal marker. In British Standards it is current
practice to use a full point on the baseline as the decimal marker.

Wherever the words “International Standard” appear, referring to this standard,
they should be read as “British Standard”.

Cross-references. The Technical Committee has reviewed the provisions of
ISO 286V, ISO 1119:1975, ISO 1947:1973 and ISO 3040:1974 to which reference
is made in the text, and has decided that they are acceptable for use in
conjunction with this standard. None of these International Standards has a
corresponding British Standard.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 and ii,
pages 1 to 20, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the
inside front cover.

D Latest edition in preparation. Docu m ents
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0 Introduction

This International Standard is derived from ISO 286, and is a complement to ISO 1947 and ISO 1119.

The annex dealing with the effect on the cone fit of the departures of the internal and external cones, from
the basic cone, has been provided for information only, and is not an integral part of this International
Standard.

1 Scope and field of application

This International Standard applies to cones which are dimensioned and toleranced according to Method 1,
Basic Taper method of ISO 3040; this means that the tolerances limit the variation of penetration of mating
surfaces, each surface being within two limiting profiles of the same taper corresponding to the maximum
material condition (MMC) and the least material condition (LMC). For dimensioning and tolerancing cones
on drawings, see ISO 3040.

2 References

ISO 286, ISO system of limits and fits — Part 1: General, tolerances and deviations?.
ISO 1119, Series of conical tapers and taper angles.

ISO 1947, System of cone tolerances for conical workpieces from C =1 : 3 to 1: 500 and lengths
from 6 to 630 mm.

ISO 3040, Technical drawings — Dimensioning and tolerancing cones.

3 Formation of cone fits

A special feature of cone fits is that clearances and interferences are made by defining the axial position of
the assembled internal and external cones with respect to each other. The conical workpieces to be
assembled are manufactured separately according to the tolerance zones indicated for their common basic
cone diameter. Because of the methods of manufacture a hole basis system of fits is recommended.

The axial position of the conical workpieces with respect to each other for obtaining the required clearance
or interference of the cone fit in the final position of the assembled conical workpieces can be made by
different methods. These are

a) by constructional formation;
b) by dimensional location;
¢) by an actual axial displacement;
d) by an actual axial displacement with a defined assembly force.
3.1 Constructional formation
A cone fit resulting from the constructional formation of the workpieces to be assembled (see Figure 1).

The axial position of the cones relative to each other in the final position (see 4.5.2) is determined by the
form of the conical workpieces. Figure 1 shows a clearance cone fit in which the workpiece with the external
cone has a collar which contacts the surface of the workpiece with the internal cone. This type of
construction is also valid for an interference cone fit when the workpiece with the internal cone must be
pressed on to the workpiece with the external cone in order to make contact at the collar.

3.2 Dimensional location

A cone fit made by the assembly of the conical workpieces to a predetermined axial position relative to each
other, irrespective of the actual size of the mating cones (see Figure 2).

The final position of the conical workpieces relative to each other is specified on the drawing (see Figure 2)
and, if need be, marked on the internal cone and on the external cone.

3.3 Axial displacement

A cone fit made by axial displacement of the (actual) cones with respect to each other by a fixed amount,
starting from the actual starting position (see 4.5.1.3).

2 At present at the stage of draft. (Revision of ISO/R 286:1962).
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In order to reach the required clearances or interferences of the cone fit, the necessary axial displacement
(dimension E, in Figure 3 for the example of an interference cone fit) is indicated from the actual starting
position.

3.4 Axial displacement with a defined assembly force

A cone fit made by displacement of the actual cones using a defined assembly force from the actual starting
position (see Figure 4).

For an interference cone fit, the final position of the assembled conical workpieces relative to each other is
reached on assembly by a defined axial force (F}).

4 Definitions

The definitions used for cylindrical fits in ISO 286 are also valid in this International Standard.
Definitions for cones, cone dimensions and cone tolerances are given in ISO 1947.

4.1

cone fit

the relationship resulting from the difference on assembly between the cone diameters of conical
workpieces (internal cone and external cone) having circular sections and the same basic cone angle o or
the same rate of taper C

the definition for a cone fit with a circular section is also applicable for taper workpieces with other sections,
for example, prismatic parts, wedges, etc.

4.2
character of a cone fit

defined by clearances or interferences measured normal to the cone axis

the clearances and interferences are effective normal to the conical surfaces, but are indicated and
measured normal to the cone axis. The differences between the values shown normal to the cone surface on
the one hand and normal to the cone axis on the other are negligible for cones with rates of taper

up to 1: 3 and can be ignored for practical purposes

4.3 Axial displacement for single conical workpieces

4.3.1 axial displacement (EN)

The calculated axial distance of the cone with regard to the basic cone [see Figure 5 a) to Figure 5 d)].
It has importance only for the calculation of the axial displacement for cone assemblies (see 4.4.2).

4.3.1.1
minimum axial displacement (EN,;,)

that displacement relative to the basic cone which is calculated from the fundamental deviation for the
basic cone diameter

4.3.1.2
maximum axial displacement (EN,,,.)

that displacement relative to the basic cone which is calculated from the fundamental deviation and the
tolerance for the basic cone diameter

4.4 Definitions for constructional and dimensional location cone fits

4.4.1
variation of cone diameter fit (Tpp)

the tolerance of the fit; it is the possible variation of the diametral clearance and/or interference between
the conical workpieces to be assembled and is the absolute value of the difference between the maximum
and minimum clearances and interferences respectively, (see Figure 1 to Figure 6)

TDP = Smax - Smin or Umax - Umin

where S, and S,,;, are the maximum and minimum diametral clearances respectively and U,,,, and U,
are the maximum and minimum diametral interferences respectively
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the variation of cone diameter fit is equal to the sum of the cone diameter tolerances of the internal cone
Tp; and the external cone T, i.e.:

Top = Ty + Tpe
4.4.2 axial displacement for cone assemblies (EP)

The axial displacement of the conical workpieces to be assembled with respect to each other; it is the
algebraic sum of the calculated displacements EN; of the internal cone and EN, of the external cone
(referred to the basic cone).

4.4.2.1
minimum axial displacement for cone assemblies (EP,;,)

the displacement which is calculated from the sum of EN,;, of the internal cone and EN,,;, of the external

cone

EPmin = Nimin + ENemin
NOTE For the basic hole system, EN;,;, =0
4.4.2.2

maximum axial displacement for cone assemblies (EP,,,,)

is the displacement which is calculated from the sum EN,,,,, of the internal cone and EN,,,,, of the external

cone:
EP,..=EN,

max 1mimax

+ EN,

emax

NOTE For the basic hole system, EN;,. = (—13 x IT

4.5 definitions for axial displacement type cone fits
4.5.1 starting position (P)

The axial position of the conical workpieces with respect to each other at which the cones contact without
force.

4.5.1.1
limit starting positions (P; and P,)

those extreme axial positions of the conical workpieces to be assembled with respect to each other which
are calculated from the limit cones at contact without force, the limit cones being those (extreme) cones
having basic cone angle and cone diameter tolerances Tp; and Ty, respectively

the limit starting positions are calculated from the assembly of the smallest possible internal cone with the
largest possible external cone on the one hand, and the largest possible internal cone with the smallest
possible external cone on the other hand, (see Figure 7)

4.5.1.2
tolerance on the starting positions (7))

the maximum axial distance between the reference planes of the internal cone and the external cone
relative to each other, resulting from the calculated limit starting positions P; and P, (see Figure 7)

the tolerance T}, of the starting position is calculated from
1
Tp = E’X (T + TDe)

4.5.1.3
actual starting position (P,)

the axial position of the actual cones (internal cone and external cone) relative to each other at which they
contact without force (see Figure 3 and Figure 4)

NOTE This parameter is important in the production of cone fits and must lie within the limit starting positions P, and P,
(see Figure 7).

4.5.2
final position (Py)

that axial position prescribed for the conical workpieces with respect to each other in the final state in
which the required clearances or interferences exist
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4.5.3
assembly force (F,)

the force to be applied axially in the assembly of the conical workpieces starting from the actual starting
position in order to reach a defined interference cone fit in the final position of the cones (see Figure 4)

4.5.4 axial displacement for assembled cones (E,)

The algebraic difference measured axially between the separation of the reference planes of the internal
and external cones respectively at the actual starting position (P,), and the separation of the reference
planes at the final position (Py required for the cone fit (Figure 3 gives an example of an interference cone
fit).

The amount of the axial displacement E, depends on the rate of taper C of both conical workpieces to be
assembled.

4.5.4.1
minimum axial displacement (£,,;,)

the axial displacement giving the minimum clearance and the minimum interference respectively in the
final position of the conical workpieces (Figure 6 gives an example of an interference cone fit)

4.5.4.2
maximum axial displacement (E,,,,,)

the measured axial displacement giving the maximum clearance or the maximum interference respectively
in the final position of the conical workpieces (Figure 6 gives an example of an interference cone fit)

4.5.4.3
tolerance on the axial displacement (7})

the difference between the minimum and maximum axial displacements (see Figure 6), i.e.
TE = Eamax - Eamin

5 Calculation of axial displacements for the hole basis system of cone fits
5.1 Axial displacement of the single conical workpiece (EN) with regard to the basic cone

For each of the conical workpieces to be assembled, the upper and lower deviation and the ISO symbol
respectively is indicated for the basic cone diameter in a reference plane normal to the cone axis.

Figure 5 a) to Figure 5 c¢) show for the hole basis fit system the possibilities of axial displacements EN of
the external cones relative to the basic cone for each of the ISO symbols for the cone diameter tolerance
zones. Figure 5 d) shows the axial displacement for an internal cone with tolerance position H (i.e. basic
hole).

These displacements EN are of importance for the calculation of the axial displacement of two conical
workpieces relative to each other. Using the tolerance system of ISO 286, for the basic cone diameter of a
cone fit, the following axial displacements (EN) result:

a) A displacement EN; [see Figure 5 b) and Figure 5 d) and Table 1] resulting from the standard
tolerance IT

EN, = %XIT

.max |S€€ Figure 5 a) and Figure 5 c¢) and Table 1
and Table 2], a combination of the fundamental deviation and the standard tolerance

b) Minimum and maximum displacements EN,,, EN,

EN,.i, = 1, fundamental deviation

C
=EN,

ENemax emin + ENeT

¢) Minimum and maximum displacements EN;;, and EN,,. [see Figure 5 d) and Table 1] for the
internal cone resulting from the standard tolerance IT only since the fundamental deviation for the basic

hole is zero.
ENimin = 0
EN,,.. = EN;;

max
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