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BS 45003 1969

' Trus Briist STANDARD, having been approved by the Mechanical Engineering Industry Standards *

Committee, was published under the authority of the Executive Board on 22 july, 1969. . " S ‘ i -

SBN: 580 05600 7

First published as BS 1916 : Part 1, March, 1953
Part 2, December, 1953 R :
Part 3, December, 1953 ' y \

First revision July, 1969
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The Institution desires to call attention to the fact that this British Standard does not purport o

include all the necessary provisions of a cortract.

Iy

In order to keep abreast of progress in the industries concerned, British Standards are subject to
periodical review. Suggestions for improvements will be recorded and in due course brought to
. the notice of the ccmmittec charged with the revision of the standards to which they refer.”

' A complete list of British Standards, numbering over 5000, fully indexed and with a note of the
contents of each, will be found in the British Standards Ycarbook, price 20s. The BS Yearbook
may be corsulted in many public libraries and similar institutions. C .
,This standard makes reference to the following British Standards:

" BS 308. Engincering drawing practice. -

. BS 1134, Centre-line-average height method for the asscssment of surface texture.’
© BS 2856. Precise conversion of inch and metric sizes on engineering drawings.

British Standards are revised, wien uecessary, by the issue either of amendment slips or of revised
editions. It is important that users of British Standards should ascertain that they are in possession

of the latest amendments or editions.

The following BSI refcrences relate to the work on this Standard:

.- Committee refercnce MEE/(26

Draft for approvat 68/15378

CO-OPERATING ORGANIZATIONS

© % The Mechanical Engineering Industry Standards Committee, under whose supervision this Eritish
* Standard was prepared, consists of representatives from the following Government departments

* and ‘scientific and industrial organizations:
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MBritish Electrical and Allied Manufacturars’

” Association
British Gear Manufacturers' Association
*British Internal Combustion Engine
.- Manufacturers’ Association
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British Mechanical Engincering
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. Crown Agents for Oversea Governments and
~ Administrations
Department of Employment and

; Productivity (H.M. Factory Inspectoratc) o

Electricity Council, the Central Electricity
. Generating Board and the Area Boards in
England and Wales ' s
*Engineering Equipment Users’ Association
Gas Council

Institute of Marine Engineers
Institution of Civil Engincers
Institution of Gas Engineers
Inmstitution of Heating and Ventilating
Engincers
*[nstitution of Mechanical Engineers
Institution of Mechanical Engineers
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*Institution of Production Engineers
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London Transport Board
*Machine Tool Trades Association
Ministry of Defence . ‘
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*Ministry of Technology
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Ministry of Transport *
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- National Coal Board <

*National Physical Laboratory (Ministry of
Technology) :

" Royal Institute of British Architects

The Government departments and scientific aﬁd industridl organizations marked with an asterisk
in the above list, together with the following, were directly represcnled on the committee entrusted

with the preparation of this British Standard.
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" BRITISH STANDARD SPECIFICATION FOR =~

. ISO LIMITS AND FITS

" FOREWORD K

¢

- BS 1916, which was published in 1953, was based on a system of limits and fits which had been used successfully on the
Continent for many years and which was embodied in a2 document known as ISA Bulletin 25, issued originally by the
" International Federation of National Standardizing Associations, generally known as ISA. Al :
»- Since that time, the body which has replaced the ISA and is known as the International Organization for Standardization
(ISO) has ratified and brought up to date ISA Bullétin 25 and has published ISO Recommendation R 286 containing what
is now called the 1SO system of limits and fits. A-further ISO Recommendation will embody Part 2 of the ISO system,

relating to the checking of workpieces made to the limits in ISO/R 286.
1ISOJR 286 differs from the ISA system in its layout and in the following main items:
- (1) Inclusion of sizes below 1 mm for grades up to Grade 13. - o '

B

- recommendation. ‘ o
. (3) Inclusion of two giades, 01 and 0, finer than Grade 1.

RV

(4) Inclusicn of new shaft and hole deviations:” o o
" ed, CD, ef, EF, {g, FG up to 10 mm only ... e JOE fie mechanisms and horoloyy,

) " jeand I, ..z providing a complete’range of symmetrical
’ . : ' o - deviations for ail dizmeter steps and all grades,
7, ZA, zb, ZB, z¢,ZC ... ' for high interference fits.

(5) Amendment of a few standard tolerances for fine grades and of some deviations to connect existing values with those -

) included in the above paragraphs.

(6) Inclusion of fables of standard tolerances and deviationé, permitting easy calculation of limits of tolerance (upper
and lower devi?tions) for any symbol, in most cases throughout the whole range of diameter steps. -

.BS 1916 contained both inch and metric values, the former converted from the metric values in ISA Bulletin 25 and

rounded in accordance with a series of preferred tolerances; American and Canadian standards:published at about the same

. time (giving inch values only) were fundamentally in agreement with the British Standard ‘-}}although there were sonic
differences of detail with regard to sclections of preferred fits. . : = o

Although the present standard is essentially a revision of BS 1916 intended to bring it into line with ISO/R 286, it has

" been given a new number to emphasize the fact that it is a wholly metric standard and that the British Standard system of -

limits and fits for the future will be a wholly metric system. It should nevertheless be noted that, although there are certain
small differences between the inch and metric versions, the American, British and Canadian standards still embody what is
basically the same sysrem. e ‘

The inch tables in BS 1916 will coittinue in existence in their present form for a transition period although it is made -

* clear that they are to be regarded as obsolescent. Users just adopting the system will refer only to this new standard and those
. engaged in teaching the system should be helped by the fact that it will no longer be necessary to explain the differences,
due to the rounding mentioned above, between the two versions. : "
~- ' Attention ‘s drawn to the fact that the presentation has been improved in order to make the standard more convenient
to use ~ud the text has been amplified to provide a full explanation of the system. It is hoped that this, together with the
“ introduction of-: simplified selection of recommended shafts and holes, will encourage the use of ISO tolerances, limits and
fits and give a helpful lead to those changing over to the metric system. g A
" The recommendations for metric tolerances and limits and fits for large diameters picviously given in'BS 1916, Part 3,
. - are now.incorporated in.this standard and the guide to the selection of fits which constituted Part 2 has been superseded by
" the iecommended series of shafts and holes and suggested combinations of these elements. It is hoped in time to develop
- o more specific guidance on the sclection of fits to suit particular applications; in the meantime, general guidance on a
" recommended series 0f shafts’and holes on the lines mentioned in the previous paragraph will probably be issued in the
form of data sheets: . o s ; -
It may also be mentioned that the contents of Part 2 of the ISO system, dealing with the checking of workpieces, will
be embodizd in a British Standard in due course, :

iiz.f(Z) Inclusion of sizes over 500 mny up to and including 3150 mm for Grades 6 to 16 inclusive as a provisional
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© SPECIFICATION

0.SCOPE - A
This British Standard relates to' the ISO system of toler-
ances, deviations, limits and fits :for parts in sizes up to
3150 mm, It compriscs two sections as follows:
Section 1. -An explanation of the ISO system, =
Section 2. Tabies of ‘standard tslerances and funda-

mental deviations; tables relating toselected .
' fits; tables of limits of tolerance (upper and

. lower deviations) for general purposes and

for small high precision work and horology."

Appendices give information on the basis of the
tolerances and deviations, on the special problems con-
cerning tolerances, limits and fits for parts in sizes above
500 mm and on matched fits for such parts. = . -

" 1. AN EXPLANATION OF THE 1SO SYSTEM
1.1 INTRODUCTION

‘The ISO system.is designed to provide a comprehensive
range of fimits and fits for engineering purposes. As
explained in detail below, it is based on a series of tolerances
-graded to suit all classes of work from the finest to the
. coarsest and it cannot be too strongly emphasized that
. these tolerances aré intended for the most general applica-

. tion and should be used wherever a graded series of toler-
-« ances is required whether the features concerned are
- .- members of a fit or not. For example, on the Continent
++'they are normally- applied to such items as bar stock—

limits ‘of tolerance such as hll and hi2 are quoted for
hexagon and square bars—and ISQ Recommendations

" (and the corresponding British Standards) for twist drills

- and reamers specify ISO tolerances on the cutting dia-
meters of the tools. Nor is their use restricted to sections
such as diameters and squares; they can also be applied
to lengths, heights and depths, etc.

With regard to fits, newcomers to the system some-
~ times assume that, because 't is so comprehensive, it is
also very complicated. In fact, a quite smali selection of
fits will satisfy most normal requirements and the use of
the standard can be simplified by referring in the first
place to the table of selected fits in this standard.” ‘

If a wider choice is needed, it can be found in the more
extensive tables of limits of tolerance for commonly used
shafts and holes in 2,5. Even the full range of tables for
shafts and holes, however, does not embrace all the fits
and tolerances obtainable from the -system, but its full
resources can very readily be utilized when there is a need
for them by referring to the tables of standard tolerances
and fundamental deviations. It is only necessary to study
the basic principles as explained in 2.3 to understand how
they may be applied to enable any limits within the range

.. of the system to be cbtained. .
' . The_ possibilities which this standard provides for a

 user to'employ a system just as simple or as complex as

he needs to make it cannot bef too greatly stressed; it is

. *BS 2856, "Precisc conversi
" ¢ngineering drawings °.

therefore worth repeating that the table of selected fits
may often meet all the needs of the newcomer to the system
whilst those users with some experienice, confronted with

requirements which the tables do not at first sight seem

to meet, may easily find the answers to their problems by

- studying the standard a little further.” -

12 METRIC VALUES AND INCH CONVERSIONS

A standard embodying a systetn of timits'and fits is clearly
-a basic standard and must be one of the first-to take
~accountof recommendations concerning the measuring
“system of the future. For this reason, the present standard -

gives only metric tables. The values in thése tables are
extracted directly from ISO/R 286 and will of course be
employed by any user concerned only with metric measure.
. However, many userschanging over to the metric
system may'find that, during the trausition period, parts
dimensioned in metric sizes with metric tolerances will

-be manufactured and/or measured on equipment cali-

brated in inch measure. In such cases, the inch values for
the limits of size should be obtained by converting the

-metric limits.directly in accordance with the international

tules for precise conversion of toleranced dimensions as

.'embodied in BS 2856%, It is essential that this procedure
be followed wherever interchangeability with - parts

designed ‘and made in metric measure is likely to.be
required,

NOTE. The inch values in BS 1916 were converted from the
corrcsponding metric values in ISA Bulletin 25 and rounded in
accordance with a series of preferred roundings, They have been

- retained only for the convenicnce of those already using that version

of the system; they should not be used by anyone just adopting the
ISO system and are not to be regarded as svitable equivalents of
the metric values for use during the transitior: period.

13 TERMINOLOGY AND DEFINITIONS

1.3.1 Terminology. The recommendations made in the
various parts of this British Standard relate to tolerances
and limits of size for parts or components and to fits
obtained by their assembly. In view of their particular
importance, only cylindrical parts (briefly designated as
‘holes* and “ shafts *} are referred to explicitly. It should
be clearly understood, however, that these recommenda-
tions apply equally well to other sections and the general
term ‘hole* or ‘shaft”’ can be taken as referring to the
Space contained by or containing two parallel ‘faces or
tangent planes of any part, such as the width of a slot, the
thickness of a key, etc. (see also 1.1). . ' )

1.3.2 Definitions. For the purposes of this British Standard,
the following definitions (illustrated in Fig. 1) apply; it
should be emphasized that some of the terms are defined,
for the prposes of the ISO system of limits and fits, in a

- more restricted sense than that in commeon use.

on of inch and metric sizes on

?cuk'\

- BS 4500 71969
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Fig. 1. Conventional method of illustrating principal terms defined in 1.3.2 s

(I) sze. A number expréésing in a particular unit the -

_ numerical value of a length.

by measurement.:” .
(3) Limits of si.'z'}f. The maximum and minimum sizes
" permitted for a featvre. 4 .
(4) Maximum limit of size, The greater of the two limits
of size. o _ .
(5) Minimum limit of size. The smaller of the two
limits of size. ‘ : .
(6) Basic size.The size by reference to which the limits
of size are fixed. The basic size is the same for both
members of a fit. | ' '

No.GO)'l S o .
' N;;:(Q) W/////_////////A : 1
N
No@®) * . i .:,..NP-(S)- i o

N ) Deviation. The algebraicai difference between ‘a
size (actual, maximum, etc.) and the corresponding basic
size.” T : :

4.5 (8) Actual deviation, The algebraical difference between
;. " "~ theactual size and the corresponding basic size. :

(9 Uppér.deviation. The alg;;ebraical‘difference between

the maximum limit of size and the corresponding basic
- size. This is designated ‘ ES’ for a hole and *es” for a
* shaft, ‘these letters standing for the French term * écart
_ supérieur *. o L -
Y . '{10) Lower deviation, The algebraical difference between
. : the minimum limit of size and the corresponding basic
“size, This is designated * EI” for a hole and ‘ei’ for a
~ shaft, these letters standing for the French term ‘ écart
inférieur *. ‘ n L _
: (1) Zero line. In a graphical representation of limits
" and fits, the straight line to which the deviations are

6 ' ;

(2) “Actual size (of a pa'r’t)-l‘The size of a part as obtained |

4

referred. The zero line is the line of zero deviation and '

represents the basic size. =~
By convention, when the zefo line is drawn horizontally,

positive deviations are shown above and negative devia-

tions below it. e

No(IB)\_: - [Nefi2)

a2

* — T—No.(l ]

No.(! 4)“

5
- S
{12) Tolerance. The difference between the maximum
limit of size and the minimum limit of size (or in other
words, the algebraical difference between the upper
deviation and the Jower deviation).
The tolerance is an absolute value without sign..

(13‘)'.‘-Tolerance zone, In a graphical representatidn of
tolerances, the zone comprised between the two lines
representing the limits of tolerance and defined by its

-, :magnitude {tolerance) and by its position in relation to
" the zero fine,> . . .

IERE

_ (14) Fundamental deviation. That one of the two devia-
ticis, being the one nearest to the zero line, which is
conventionaily chosen to define the position of the toler-

ance zone in relation to the zero line.

. (15) Grade of tolerance. In a standardized system of -

. limits and fits, a group of tolerances considered as corres-

ponding to the same level of accuracy for all basic sizes. -

" (16) Standard tolerance. In a standardized system of';E

" limits and fits, any tolerance belonging to the system.

a '}) Srdhdard tolerance ‘uﬁz‘t. In the ISO system of
limits and fits, a factor expressed only in terms of the basic

_ size ‘and used as a basis for the determination of the

- standard tolerances of the system. (Each tolerance is
equal to the product of the value of the standard tolerance
unit, for the basic size in question, by a coefficient corres-
ponding to each grade of tolerance.)

(18) Shaft. ‘Th‘e term used by convention to designate
all external featwes of a part, including parts which are
not cylindrical. ‘
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(19) Hole. The term used by conven"lrn to dessgnnte
all internal features of a part, including parts \..rhleh are not

eylmdncal

(20) Basic shaft. In the ISO system of limits and fits,
‘a shart the upper deviation of which is zero. ‘

' More generally, the shaft chosen as a basis for a shaft-

' Dasis system of fits {see (38)). )
{21) Basic hole. In the ISO systcm of l:muls and fits,

a. hole the lower deviation of which is zero.

More generally, the hole chosen as a- basis for.a hole-

basis system of fits (see (39)).

(22) Go limit. The designation applied to that ore of -

the two limits of size which corresponds to the maximum

"j‘*‘--; material condition, i.e,, the upper limit of a shaft or the

lower limit of a hole.
{ (Waen limit gauges are used thls is the limit checkccl

: by the Go gauge.)

{23) Not Go limit. The des:gnanon apphecl to that one
of the two limits of size which corresponds to the minimum

material condition, i.e., the ]ower limit of a shaft or the

upper limit of a hole.
(When limit gauges are used, this is the lrmlt of size

' checked by the NOT GO gauge)

: (..4) Fit. The relatlonship resultmg from the dlﬂ'crence, '
~ before assembly, between the sizes of the two parts which
.are to be assembled.

. (25) Basic.size (of a fit). The common value of the :
_ basic size of the two parts of a fit. . . i

(26) Variation af a ﬁl The arithmetical sum of the
“tolerances cf the two mating parts of a fit.-

; 5-(27) Clearance. The difference between the sizes of

A
A sthe hole and the shaft, before assembly, when thlS dlfference
“is posntwe :

7

—=] Le-No

(28)

(28) Interference The ‘magnitude of the dnﬁ‘erenee
between the sizes of the hole and the shaft, before assemuly,
when this dlﬂ'erence is negative.

© (29) Clearance ﬁr A fit which always prov:des a
clearance, (The tolerance zone of the hole is ent:rely above
that of the shaft.) -

(30) Interference fit. A fit which always provides an“

interference. (The. tolerance zone of the hole is enm'ely
below that of the shaft.)

(3l) Transition fit. A fit which may prowde either a
clearance or an interference, (The tolerance zones of the

. hole and the shaft ovcrlap )

(32) Minimum clearance. In a clearance fit, the differ-
ence between the minimum size of the hole and the maxi-
mum size of the shaft.

(33) Maximum clearance. In a clearance or a transition . -

fit, the difference between the maximum 51ze of the hole
and- the minimum size of the shaft.” :

. (34) Minimum interference..In an interference ﬁr the

magmtude of the (negative) di Iferenee between the'snaxi-
mum size of the hole and the minimum snze of the shatfl,
before assembly. .

(35) Maximum mrerﬁrence In an mterference or a

- transition fit, the magnitude of the (negative) difference

between the minimum size of the hole and the maximum
size of the shaft, before assemhly ‘

(36) Limir sysrem A system of standardized tolerances
and deviations.

' (37) Fir system. A system of fits comprising shafis and

holes belonging to a limit system.
(38) Shaft-basis sys.'em of fits. A system of fits in which

the different clearances and interferences are obtained by -
“associating various holes with a single shaft (or, possibly,

with shafts of different grades, by having the same funda-

mental deviation).
In the ISO system, the basic shaft is the shal‘ t the upper

dev1at:on of Wthh is zero.

(39) Hole-basis system of ﬁrs A system of fits i in which
the different clearances and interferences are obtained by
associating various shafts with a single hole (or, possibly,
with holes of different grades, but always having the same

* fundamental deviation). .
Int the ISO system, ti& basic hole is the hole the Iower
deviation of which is zero. .

Basic size

Exameles taken from
the shaft-basis system

Fig, 2 Esnmples taken from the shaft-basis and the hole-basis systems

Shatt

Slmft
Hole Hole Coshaft - KRS
7/'/l / % Zero line
N st Shatt . Hole

Exdmples taken 1I"QI:I:l
- ithe hole - basis system
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i 4 BASIC PRINCIPLES

141 Determinatlon of fits. A typlcal fit is zllustrated'
convennonally as in’ Fig. 3 where the two rectangles
repment the hole and .shaft tolerance zones in magnitude

and in. posmon with- respect to the basic size, or zero line.

Fig. 3 shows a hole basis clearance fit, but the same con-

vention can be used:to represent any type of fit.

The characteristics which determine the nature of a
hole basis fit are the magnitude and sign of the fundamental
deviation of the shaft and the magnitudes of the hole and
shaft tolerances, When the shaft fundamental glevnatmn is
positive in sign, the fit becomes either a transition fit or an
interference fit, depending on the magnitude of the funda-
mental deviation and the tolerances. -

The converse applies in the case of:a shaft basis fit
where the fundamental deviation of the hole and the

_magnitude of the hole and shaft toleranc&s determme its

‘character,

?Hole
. tolerance -
zone

Maximum - Minimum
clearance clearance

tonart *
tolerance
|zone

Fig. 3. Typical ﬁt

< 1.4.2 Desirable charactetistics in a limits and fits system.
In selecting a fit for a given application, it is necessary to
“choose an appropriate fundamental deviation (magnitude
and sign), and then appropriate tolerances for each member,
so that the functional requirements are met. To be com-

-.  prehensive, a fit system should therefore provide a series -
" of dev:at:ons of varying magnitude (both negative and -

- positive), together with a series of tolerances of varying

“'‘magnitude, so0 as to provide ‘fits ranging from loose' '

clearance to heavy interference and from coarse to fine
quallt ‘

should exhibit ‘the same functional characteristics over a
range of sizes. For example, a fit designatad as a precision
running fit should (ideally) provide clearances which give
" precisionyrunning fit conditions at any basic size. A -
o fl.ndamental deviation of fixed magnitude will not do this, 8

" and it is therefore necessary for each fundamental de\natxon

-'prowded by the syste'n to increase with the size at an

" . 'approrriate rate.
 _.;The choice of tolerance magmtude isa functmn of the
quallty of the fit—fine quality fits' need fine tolerances,
., coarse quality fits. permit coarse tolerances. As with

- ~ ;deviations, it is similarly desirable that a fit system should

o prowde a range of qualities of tolerance. But, at the same
time, a tolerance of a given quahty cannot have a'fixed
magpitude, for a * fine quality’ tolerance on a diameter

- of, say, 200 mm, would certainly not be regarded as * fine
quality * if applied to a diameter.of, say, 25 mm, Hence
it is necessary for the magnitude of each tolerance quality
to increase with size at a rate whlch produces the same
quallty throughout

1t is also. ﬁesnrable that any fit taken from the system

1.5 THE. ISO SYSI'EM

1.5.1 General characteristics. The dmrable chardcteristics
outlined above are embodied in the ISO system of limits
and fits, the features of which are described in detail in
the followmg paragraphs, A further important character- . .
istic is that the ISO system offers equal facilities for the -

use of either a hole basis or a shaft basis system of fits,

and furthermore allows for a very simple method of

converting ﬁt designations from one system to the other.

152 Tolerances. The system prowdes a series of qualmes
of tolerance, called * tolerance grades °, to cater for different -
classes of work; fine tolerance grades for fine work,

‘ coarse tolerance gradcs for coarse work.

In each grade the tolerance values increase with size
according to the relationship ¢ = & f(d) (see Fig. 4). The
formula which relates tolerance and diameter (given in
Appendlx A) is an empirical one dcnved l‘rom extensive
practical mthlgatlons ' .

t-f‘k.'-:‘f(q)' _

0 —
-Diameter-’ T

F:g 4. 'I‘olerance values amordlng to the relationslnp t =k f(d)

To provide a series of tolerance gradcs, different
values are used for the constant °k’, Tu%se values are
chosen so that- for a given size the mﬁg‘ui;wd_e of the
tolerance in any grade is approximately 1-6.tin.c2 as great
as the tolerance in the next finer grade. Thus a fami}. m '
curves such as that shown in Fig. 4 could be drawn. -
the ISO system eighteen tolerance grades are prov:ded
and they are designated as IT 01, IT 0, IT 1, 1% 2, IT 3~
IT 16. (IT stands for ISO series of toleranm)

(Tt should be noted .in passing that Grades i4 to 16

- do not apply to sizes up to and including 1 mm and Grades
01 to 5 do not exist for sizes above 500 mm.)

Clearly it would be impracticable for a designer to
calculate from the formula the tolerance. applicable to
any basic size, hence the total range of sizes'covered by the
system has been subdivided into size ranges of appropriate

m»gkd'_l"lc(see Appendix A), and tolerance values for the

mean sizes in each range have been standardized. This
produces a seties of siep curves relating tolerance to
diameter (see Fig. 4).
“The standardized numerical values for the elghteen
tolerances grades;- known as ‘ standard toleranoes , are

gweanabIel ) A

1.5.3 Fmdamental dewations. The system -provides 27
different fundamental deviations for sizes up to and -

E including 500 mm and 14 for larger sizes to give different

types of fit ranging from coarse clearance to heavy inter-
ference, The values associated with each of these deviations
vary with size so as to maintain the same fit characteristics.
In cach case the variation is determined by an empirical
formula, again based on extensive practical investigations.
Fig. 5 shows a typical curve for a negatwe fundamental
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e dewanon The formulae from which the dcwatlons are
. calculated are shown in Appendix A. . -
- As with tolerance grades, the total range - of sizes

covered by the system is subdivided into size ranges, and

“the deviation values for the mean size in each range have
been standardized. This produces another family of step
curves relating deviation to diameter.

Diameter

“ Deviation

Fig. 5, Typimlcum for a negative fundn:nental defihtﬁon '

fat

BS 4500 \1969

Tables 2 and 3 contam the standardrzed values for the
27 dewatnons Each dewanon is des:gnated by a letter,
The letter * a represents a large negative deviation while
the letter ‘ 2" represents a large positive deviation. All the
letters of the alphabet except i, |, 0, q and w are used, and
certain two letter combinations are also jncluded.

It has alrcady been mentioned that the ISO system
prov:des for :the use of both hole-basis and shaft-basis

. fits. If the hole-basis is used, a series of deviaticns for .
" shafts is requ:red while if the shaft-basis is:used a series™
of deviations for holes is needed. The 27,deviaticns of the

! system can be used for shafts or for holes: ‘The same letters

. are used for dwgnanon in each case, but upper case

(capital) letters are used to designate hole deviations and
lower case (smali) letters define shaft deviations. Of course,
the shaft deviations are opposite in sign to those for holes.

Fig. 6 illustrates the relative positions of the 27 funda-

* mental deviations for holes and shafts,

The exception to this arrangement is the deviation | js

‘(JS fer holes) which has been providec:to meet the need .

for symmetrical bilateral tolerances. In this case there is

no fundamental deviation and the tolerance zone (of -

' whatever magnitude) is disposed ’equally about the zero
. line, . L

-
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- Fig. 6. Respective positions of Grade 7 tolerance zones for the diameter range 6-10 mm
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© .1 1,54 Association of fundamental deviations and tolerances.

.1 In'L4.1 it was ‘explained that the nature of a fit is deter="

;- mined by the magnitudes of the fundamental deviation and
-, toleranczs on the mating parts. The ISO system of Iimits:

*¥ and fits provides separate series of deviations and tolerances

R' ° 'andthese can be combined in any way that appears

-necessary to give arequired fit condition, Thus, for example,

" the deviations H (basic hole) and f (clearance shaft) -

" “could be associate, and with each of these deviations any

~‘one of the tolerance grades IT 0! to IT 16 could be used.
Fig. 7 illustrates the conditions which would be produced

". by associating the:deviations H and { with the tolerance
= grades IT 6 to IT 10. C Co

“"Devi‘alion H=0

:;%s V%

/4

(&([‘\_ .

© " BS 4500 p1969

1.5.6 Rehﬁ‘-’!‘g'ﬁ?fl’ between ‘0&5905;11112 : hOIe-basis" basis and

1.5.6.1 General, For most general applications it is usual

to recommend hole-basis fits, i.e. fits in which the design
size for the hole is the basic size and variations in the
grade of fit for any particular hole are obtained by varying -

the cleaiance and the tolerance cq the shaft. The reason =
- for this is that, except in the reali of very large sizes

where the effects of temperature play a large part, it is
usually considered easier to manufacture and measure
‘the male member of & fit and it is thus desirable to be able

Zero line

-
IT6
B

Deviation #

Fig. 7. Associalfon of fundamental deviations and tolerances

= 28 . -

Since there are 3 different deviations for both holes
and shafts and 18 different tolerance grades, the number of
possible combinations that could be built up is very large.
This flexibility js inherent in the system because of its
logical design; many of the possible combinations may
not be of practical use; for example, it is unlikely that a
combination of a very large fundamental deviation
(e.g- “a’) with a very small tolerance (e.g. IT 01) would
serve any practical purpose. The majority of common
engineering requirements can be satisfied by a restricted
selection of fits; on the other hand, there are often special
requirements which cannot be covered by standard tables
of selected fits, but the necessary data for thesc can still
be derived from the 150 system by associating the devia-
tions and tolerances as referred to above. These matters
are dealt with in more detail in Section 2 of this standard.

1.5.5 Designation. The complete designation of the iimits
of tolerance for a shaft or hole requires the use of the
.. appropriate letter to indicate the fundamental deviation,
followed by a suffix number denoting the tolerance grade.
For this latter purpose the numerical part of the tolerance
grade designation is used. )
" For example, a hole tolerance witi1 deviation ' H” and
~ tolerance grade IT 7 is designated * H7 ", o
Similatly, a shaft tolerance with deviation ‘p’ and
tolerance grade IT 6 is designated * p6°.*
" . The limits of size for a feature are defined by the basic
" size of the feature, say, 45 mm, followed by the appropriate
tolerance designation, e.g. 45 H7 or 45 pé.
A fit is indicated by combining the basic size common
to both features with the designations appropriate to each.
The designation of the hole limits should always be quoted

first.
Example: 45 H7-p6 or 45 H7/p6.

to allocate the larger part of the total tolerance available
tc the hole and adjust the shaft to suit. S

. In some circumstances, however, it may in fact be
preferable to employ a shaft-basis. For example, in the
case of driving shafts where a single shaft may have to
accommodate a variety of accessories such as couplings,
bearings, collars etc., it is preferable to maintain a constant
diameter for the permanent member, which is the shaft,
and vary the bore of the accessories. N

1.5.6.2 Conversion of hole-basis and shaft-basis fits. As
already stated in 1.5.1, the ISO system provides for both
‘hole-basis and - haft-basis systems of fits and allows for
ready conversiop. from one system to the other, This

- results from the rules which have been established to
govern the relationships between the fundamental devia-

tions for shafts and holes with tihe same letter and the
facilities which these rules afford are summarised below, -
For the reader who is interested in studying the frame-
“work of the system, a more detailed explanation of the
rules is given in Appendix A, but it is quite unnecessary
for a user of the standard to meinorize them as he only
needs to know the procedure to be followed and this {s
set out in (1) and (2) below.

(1) Conversion procedure for sizes up to and including
500 mm '

a. Clearance fits. For all clearance fits in this
size range, hole-basis fits mey easily be converted
to identiczl shaft-basis fits by using the convention
illustrated by the examples: -
~ H7 —f6 = F7 — h6
or HI1 —¢l1 = C11 — hll

b. Tvansition and interference fits, As indicated
above, the convention applies to all clearance fits
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. one grade finer,
“. In the case of transition and mterferenee fits
with large total tolerances it is usual to use the
. same grade of tolerance for the shaft as for the hole
"and 'this is done for transition fits J, K, M, N in
- grades above IT 8 and for mterference fits P to ZC
"“m grades above IT 7. .
“.“’In these cases, hole-basis fits may be converted
' dlrcctly to shaft-basis fits, -
«* . . eg HI0 =510 is'identical with $10 — h10.
When the total tolerance on a transition or
« - interferencefit is nof; very large, the practice of
using a tolerance one ‘grade finer for the hole than

for the shaft is followed. To take account of this

when converting from hole-basis to shaft-basis, a
»value known as 4 is used to czlculate the deviations
for the holes; 4 represents the difference between

the standard :tolerance of the. grade in question

and that of the next finer, grade and the values are

given in Table 3 and used in the following manner: -
" In converting the hole-basis fit H7—p6 for a '
size of 25 mm to the shaft-basis fit P7-h6, the upperP

limit (ES) for the hole P7= —ci(p)+ 4
From Table 2, el {p)= 22 mlcrometrm
(0 022 mm);. ! '

- from Table 3 A for Grade 7 = + 8 micro-

. metres (0-008 mm)
thus ES (p’!) = — 22 48 micrometres
= — 14 micrometres
(0014 mm)

..J‘ N

This’ rule appiia; to transition fits J, K, M, N in

_grades up to and including IT' 7.

When the total tolerance on a fit is large no
~advantage results from giving a hole more tolerance
than the shaft, and it is usual to use the same grade
for both members When this is 5o, it is no longer

L necessary to introduce the value 4 into the calcula- °
& tion - for the fundamental deviations of the holes
' _for transition and interference fits and the g..neral

rulecan bie applied. This-has been done for transi-

for interference fits p to ZC in aradcs aboye IT 7.
2 In these cases, direct conversion from bol\.-bas:s

to shaft-basm is possible provided ' that- the’ sdime
- grade l3s
o4 HlO—le is' 1den+lcal wnh SlO-th

Since jt.is assumed that associated shafts and holes
in this size range will be of the same grade regard-’
less of the type of fit, hole-basis fits can be con-
vened directly to shaft-basis fits as in (I) a, above,

eg HI10-s10 = S10-h10. ‘.

1.6 ERRORS OF FORM, SURFACE TEXTURE

~ The recommendations in this standard enable limits of .

size for mating features to be derived from standard series
of tolerances and deviations in order to provide various
types of fit. However, the matmg features of a fit are made
up of surfaces, e.g. two cylindrical surfaces or two pairs
of fiat surfaces, and the accuracy of the geometrical form
of those surfaces frequently has a considerable bearing

" on satisfactory functioning, Although ordinary limits of
" size, in themselves, only comprise limiting sizes between

which the measured sizes of the features at any cross

12

" whether the :oleraﬁce grade for the shaft is the
same as that for the hole or, as is often the case,

tion fits J, K, M and N in grades above IT § and .

‘usedfor the holeand the shaft, e

T

section must fall, conventlons have been established by .
which such limits exert some control on geometric form,
e.g. on the straightness of a cylindrical shaft. In selecting
limits of size for math features it is important to consider -
whether this-degree of control is adequate or whether a
specific form tolerance should be applied. BS 308* con-
tains information on'the interpretation of limits of size
and on methods by which, if necessary, limits can be
specified te control the form of a feature separately from
its size, :

Adtention is also dréwn to the need to take account
of the effect of surface texture when selecting tolerances.
This is particularly important in the case of precise fits
involving relative movement where surface quality: mgy
have a considerable effect on’ function. It should also be
noted that requirements for fine finishes are not necessarily
always related to close tolerances, i.e. it may be possible
to achieve a relatively close tolerance by a machining
process which does not give the required surface texture
and it may therefore be necessary to specify the surface
quality desired. In such cases, the method set out in
BS 1134} should be used,

2, TOLERANCES DEVIATIONS, LIMITS
" AND FITS

2.1 GENERAL

This section includes tables of standard tolerances and
fundamental deviations for workpieces up to 3150 mm, a
recommended selection of fits for cylindrical mating parts,
tables giving limits of tolerance for shafts and holes (and
assimilated parts) commonly used for general purposes
in sizes up to 3150 mm and similar tables for parts up to

18 mm in size for high precision engineering and horo-

logical appl:catlons

2 2 STANDARD TOLERANCES AND FUNDAMENTAL
DEVIATIONS

Table | gwes the standard tolerances of the ISO system of
limits and fite. -

Table 2 glv.s the fundamental deviations for shafts
and Table 3 glvcs the fundamental deviations for holec

23 NON-TABULATED LIMITS OF TOLERANCE

- Limits of: tolerancc for any combination of deviation and .

‘tolerance ‘symbols niot given in'the general purpose tables .
or other seélected tables can readily be derived from the

' i 2« tables referred to in 2,2 above and it may be mentioned
(2) Canvers:on procedure fur -sizes’ above 500 i,

that this method of derivation will often be found useful
for ascertaining the limits of tolerance quoted for non-
mating parts and -probably unlikely to appear in any
tables of selected holes and shafts. It is only necessary to
bear in mind that the letter indicates the fundamental

_deviation (upper or lower as the case may be) and the
“number indicates the grade of tolerance.

Thus, the limits for a part 138 mm in size, designated
g9 are derived as follows:
From Table 2, the upper deviation (es) i is — 0 014 mm,
from Table 1, the tolerance (Grade IT 9) is 0-100 mm;
by addition, the lower dewatlon is therefore
— 0-114 mm.
The limits of size for this part are thus 134986 mm and
134-886 mm.
* BS 303, * Engineering drawing practice ",
+ BS 1134, * Centre-line-nverage height method for the assessment
of surface texture ',

pgiedan 512080
L. aatadl
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similarly derived:
 From Table 3, the Iower deviation (EI) is - 0040 mm;
from Table 1, the tolerance (Grade IT 3) is '0-004 mm;

The limits for a part 20 mm in size, desngnatéd 8 are

by addition, the upper devnatlon is therefore
+ 0:044 mm. sty .
The limits of size for this part are thus 20-044 mm and -
20040 mm.
Where the designations h and H or js and J, are used,

it is only necessary to refer to Table 1. + .
For h and H, the fundamental deviation is aIways

zero and the dlsposmon of the tolerance is always negatlvc '

(—) for a shaft and positive (+) for a hole.

Thus, the limits for a part 40 mm in s:ze deSlgnated hS'

are derived as follows:

From Table 1, the toIerahce (Grade 1T 8i is 0039 mm,

)

P

. TABLE 1. STANDARD TOLERANCES

: tlons :l; 7

the llmlts for this part are thus 40-000 mm and
39-961 mum, .

“and for a 40 mm part desngnated HS the limits are

40-039 mm and 40-000 mm.
For j, and J, there is no fundamental dcwal:lon as the

- tolerance is symmetrically disposed about the basic size.

Thus, the limits for a part 60 mm in size, designated

- ja7 or J,;7 are derived as follows:

From Table i, the tolerance {(Grade IT 7} is 0-030 mm;
~ the limits for such parts are 60-015 mm and 59-985 mm,

NOTE. For i and J; in grades 7 to 11, the two symmetrical devig-
should be rounded if the IT value in mi¢rometres is an

odd valuc by replacing it by the cven value lmmcdmlely below,

e.g. if IT == 175, replace it by 174,

Nominal sizcs Teolcrance grades
Over | To ITO1| ITO [ IT1 |IT2 | IT3 {IT4 | ITS {IT6*| IT7 [FT 8|17 9 |IT 10T 11| IT 12 | IT 13 IT1at{ T 551 TT 16¢
T ™ 03| os) esl1e| 2| 57 4 61! 10 | 14)725| 40| eof 00| 240 250 400! 00
3| 6l 04! 06 1 15 ] 261 4| 5 8 | 12 | 18| 30| 48| 75| 120 180 ‘300 | 480 750
10 04| 06 [ 1 15| 26| 4 6| 9 | 15 | 22| 36| 58] 90, 150 | 220 360 | 580 8500
lo| 18/ 05 08; 12| 2 | 3| 5| 8| 11| 18| 27] 43| 70| 110| 18 | 270 430 700 | 1100
18| 30 06| 1 15 | 25/ 4 ! 6| 9 (13| 21 | 33| 52 84| 130| 220|330, 520| 840 1300
30 50| 06/ 1 15| 25 | 4 7| 11 | 16 | 25 | 39| 62|100| 160 250 | 390 | 620 | 2000 | 2600
50| 8| o8] 12] 2 3 5 8 | 13 | 19 | 30 | 46 74| 120 190 | 300 | 460 ; 740 | 1200 | 1900
- g0 120] 1 15| 25 | 4 6 {10 | 15 | 22 | 35 | 54| 87{140| 220 350 | 540.1 870 | 1400 | 3200
120 180 12 |.2 | 355 8 | 12 18 | 25 | 40 | 63 |100| 160 250! 400 | 630 | 1000 | 1600 | 2500
180 250 | 2 3 | 45| 7 10 | 14 { 20 | 29 | 46 | 721|115 (185 | 290 | 460 | 720 | 1150 | 1850 | 2900
260! 315|251 4 | 6 8 |12 | 16 | 23 | 32 | 52 | 81130210 320| 520 810: 1300 | 2100 | 3200
s ENEEE 7 9 13 | 18 | o5 36 |.57 | 89 |140 230 | 360 ) 570 | 890 1400 | 2300 | 3600
40&-’{&;500 4 | 8 0. 15 [ 2. ; 27 | 40 ; 63 | 97155250 | 400 | &30 [ 970 | 1550 | 2500 | 4000
500 630 | = | —"|'=c [ — | — | — | — ['46 | 70 | 110|175 | 280 | 440 | 700 | 1100 | 1750 | 2800 | 4400
630 | 800 | — | — |'— [ — — { — | — ["50 | 80 l125|200]320] 500 800 | 1250 | 2000 | 3200 | 5000
8001000y — | — | — | — [ = | — | — | 56 | 90 [140] 230|360 | 560 900 | 1400 | 2300 | 3600 | 5600
1000 {1250 | — | — | 2 [ — | — | — 1 — | 66 {105 |165| 260 | 420 | 660 | 1050 | 1650 | 2600 | 4200 | 6600
1250 | 1600 | — | ~ | — | — | — | — | — | 78 {125 195310500 | 780 | 1250 | 1950 | 3100 | 5000 | 7800
1600 (2000 — | — ! — | | — | — | — [ 92 |1250 [230] 310600 920215002300 | 3700 | 6000 | 9200
20002500 — | — | — | — | — | — | — {110 {175 |280 [ 440 700 | 1102 | 1750 | 2800 | 4400 | 7000 (11000
- 2500|3160 [ — | — | — j= | — | — | — |135 |210 | 330|540 | 860 { 1350 | 2100 | 3300 | 5400 | 8600 [13500

* Not recommended for.fits in"sizes above 500 mm, '

1' Not appllcablc Lo sizes b\.lc-w 1 mr\n
Sl BT '\‘\’ <

r

A

'BS 4500 1\1969 :.': f_

'.Tolerépcfi_pﬁit 0-001 mm .



http://www.avadocuments.com/doc/bs-4500-1-1969
http://www.avadocuments.com/doc/bs-4500-1-1969

i
-

— : D e S R
TABLE 2, FUNDAMENTAL DEVIATIGNS FOR. SHAFTS Unit=0-001 mm '
Fundamental . " Lower daviation el
deviation i Upper QevhUonu N wer on
Letter a* ' b* I c,cd I d I o ’ of i t l fg ’ g l b Ill‘!’ g k
- : <3
Grade 0110 16 s6| 7 | 8 | 47|33
+  Nominal sizes
Over | To

mm mm . . .

— 3| —270|-140| —60|—34| —20| —14| 10| —6 | —4 | -2} 0 —2| —4| —-€| ol o

3 6| —at0| —~140| —710| —46| —30| —20| -24] —10| -6} ~4 -2 —4| —.| +1

6 | 10| —280| —150| —80| —56|.—40. —25|.~18] —13| -8 | —5 ~2| —6| — | +1

10 14 ; ‘ R : S

‘ ~290 | ~150| —95| — | —50| =32| — | =16 — | —6| ¢ ~3| 6| =41l o0

14 | 18 X S

18 | 24| - N ' :

: —300| —160{ =110 — | —656] ~d0| — | —20( — | 7|0 —4| -8B} — | +2] 0
24 | - 30 ‘ ] -

"3 a0 b — - - o, R . ) .

| 4 ,310. W0 1200 | g0l <6l — | —g5] — | —slo|~ ] ~6]-10] — | +2| o

40 |- 60| --320'| —180 | —230| t : :

0: 5| — - - g ) ‘

66 | 80| —360| —200 | —150 | oL

ol

0 0 =3 -— — ) - , .

| 0 0| 20| 0} | as| —we| - | 3| — |~z 0|5l 5| s| — | 43] 0
1200 | 120 | —410 | —240 | —180 - '

120 | 140 | —460 | —260 { —200 _

140 | 160 —520| —280| —210 | — | —145] —85| — | =43| — | ~14| 0O -1 | -8 — | +3| ©

160 | 180 | —580 | —310 | —230 -

180 | 200 ] —660 | —340 | —240

200 | 225 | —740 | —380 | —260 — | =170 —100 | — =50 — t —15; 0 -13| 21| — | +4 0
“925 | 250 | —820 | —420 | —280 - ’ ' ° '

50 0| — - —300| R ‘

280 | 315 | —1050 |-—540 |. —330 R

35 | 85| 100 | 600|730} _ | gio| —1e5| — | —e2| ~ |-18]0 ~18{ —28] — | +4 [0

355 1 400 | —1350 | —680 | —400 : ‘ g L
400 | 40| —1500| —t60 | —a40 | | oo ol | ies| = | eo) o0 —oo| x| = | 45| o

450 | 500 | —1650 | —840 | —480 | - ;

‘Grade® ] - ‘ to1s- _
600 | 630 — | — |"="| — | -260|-18f — | —760 — | -22]0 0
630 [ go| — | —'| — | — |-290| -160] ~ | —80| — | 24| 0 A 0
800 {2000 — | — | — | — | —300|-170| — | 86| — | —26}-0 0
1000 {1250 — | — | — | —|-3m0|-15] — | 98| — |-28|0 e : 0

: B R
. H
1260 1600 — | — | — | — | -3%0| 220} — | 10} — | -30] 0, 0

1600 | 2000 | — — | — | — | -4 -290] — | -120| — | -32|¢C 0
2000 | 2500 | — — | — | =~ ! —480] —260| — | -230| — | —-34| 0 0 '
2500 {3150 | — — V| — | -s20| 20| — | -145| — |38} 0 0

the even valus immediatcl'y below.

* Not applicable to sizes up to 1 mm.
f In grades 7 to 11, the two symmelrical deviations :

g' should be rounded if the IT value in micrometres is an odd value by replacing it by
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S TABLE 2. FUNDAMENTAL DEVIATIONS FOR SHAFTS—contimied . ‘
P , _ Unit = 0-001 mm
* (,Fm;:rl Lower deviation i ‘
Letter - ‘m | D. ] p | r f s l t l u | v ] x | ¥ i3 z | . l zb | 2
N Grade’ . ‘ 0lte16 :
, Nominal slze
Over | To
mm | mm E ‘ o
—_ 3| 42 +4 +6| +10 +14| — +18 ) — 1 2| — +26 +32 +40 +60
@ — ;
6| +4] 48| +12) +415] 19| — +23 | — +28 | — +35| +42| +50| -+80
, 6| 10| +6| +10]| +15] +19| 23| — +28 | — +34 | — +42| 4521 46T} 497
: 10 ‘i 7 12 18 o3 sl - 5 +40 ] — +50 1 ~464| 90| +130
: + + + — +
i m| | F + , +39 | +45| — +60 | 77| +108 | +150
18 | 24 — +4% | +471 +5¢| +63| 73| 498 | +136] 4188
+8| 4151 422! 28] 435 -
. 24 | 30 +41] 448 +55| +64( +75| 88| +118[ +1260| 4218 .
b 30 | 40 448 | 460 +68| +80{ +94] +112| +148| +200| -+274 .
. +9[ +171 +25| +34] 343
o 40 | s0 i +54 | +70| +81| 497 4114 | -+136{ +180| +242 |. 4325
oy 50 | 65| N 2 ' N +41| +53| 66(. 487 | +102( +122| +1d4d| 172 | +226] +300] -405.
o - + +20 | + - '
65 | 80 +43 | 459 .75 +102 ) 4120 | +146 | +174 | 210 +274 | +360 | 480
L 80 | 100 5 ; o +51 | 71| 01| 124 | 4146 #1781 +214] +258 | +335| +445 | 4585
: + + + ‘
100 | 120 +54 | 79| +104| +144 | +172 | +210| 4254 | +310) +400| 525 | -+690
o 120 | 140 ] | 63| 492 +122| 170 | +202 [ +248 | 4300 | +365 | +470 | +620; +800 -
Y 140 | 160 | 15| +27| +43| 465 +100] +134] --190 [ ++228 | +280 | +340| +415| +535] 700 | 900 :
B 160 | 180 +68 | +108 | --146| +210 | +252 | +310 [ -+330 |- +465 | +600 | 780 | +1000
180 | 200 - +77| +122( 4166 | 236 | 4284 | +350{ -+425| +520] <4670 [* 4880 | +1150
200 | 225 4+17| +31| +50 | +80| +130| --180| -+258 ] +310| +385 | +470| 515 | +740| +950 | -+1250
Ry 225 | 250 - 484 | +140| +196| 284 | +340 | +425 ! +520] -+640 | +820 | +1050 | +1350
‘ 250 | 280 w20 43 56 +94 | +158 | 4218 | -+315| +385 | +4715 [ +580 | +710] -F920 | +1200 | +1550
" ’
. . 280 | 315 : 4987 +170| -+240| 350 +425) 4525 -+650| -+790 | 41000 | +1300 | 4-1700
315.| 365 sl sx| se +108 | +290 | +268 | -+390 | +475 | +590 | +730 | 900 | +1150 | -+1500 | +1900
. 355 | 400 +114 | 4208 | +294| +435| +530 ! +660 | 820 | +1000 | +1300 | -+1650 | +2100
e 400 | 450 23 ol s +126 ] +232 | +330| 490 | +595 | +740 | +920| 41100 | +1450 | +1850 | 42400
o +
. 450 | 500 ! ! | 4+132} 4252 4360 | -+540 ) +660 [ 4820 | +1000 | +1250 | 41600 | +2200 [ +2600
- Grade . 61016 ’ o * -
500 | 560 150 | -F280 [ +400 | 4600 ] . o
I : 426 +44 ] +78 : . ‘
560 | 630 - +155 [ 4.310 4450 | 46600 .. "
‘ 630 | 710 [ +1ws | +3e0| ts00| +740 | R T
+30 ;| +50 | +83 : : . e e . oo e
710 | 800 [ +1851 +380 | 4560 840 | o o L - R R o
800 | 300 - 42101 +430 | +620 | +940 E CoE a0 e ' “
+34 |7 +56 | +100 : o : - . ]
900 | 1000 +220 | 4470 +680 | +1050 ‘ . ot
1000 | 1120 +250 | +520 | 4780 ] +1150 , : g
+40 | +66 | +120 : . ‘ .
1120 | 1250 | - +260 | -+580 | --840 | +1300 . ' , p
1250 | 1400 .. +300 | +640 960 | +1450 - ' .
+48 | 478 | 140 + * o R
1400 | 1600 +330 | 4720 | +1050 | +1600
1600 | 1800 +370 820 | +1200 | 41850
+58 | +92 | +170 + + : : : x _
1800 | 2000 4400 | +920 | +1350 | +2000 . :
2000 | 2240 4440 | -+2000 | +1500 | +2300 : '
+68 | +110{ +195 + * .
, 2240. | 2500 -+460 | +1100 | +1650 | 2500
2500 | 2800 +550 | -+1250 | 41900 | +2900
476§ +135 | 4240 ;
2800 | 3150 +530 | +1400 | +2100 | +3200 | . .
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TABLE 3, FUNDAMENTAL DEVIATIONS FOR HOLES

Unit = 0-00! mm

- Lower deviation EX

Upper deviation ES

[¥e| G

|| &t

M

Ar | B |‘c.|¢n(-n | EYER{ ¥

o1 to 16

10

14

18

.28

. 30

40

50

65

80

109

100

120

120

140

- 140

‘160

160

180

180

. 200

200

225

225

250

- 250

280

280

315

315

3585 |

2355 ¢

400

400

450

. 450

500 .

Grade

500

630

1145

76

22

800

| 160

&0

24

1000

170

86

26

1250

195

98

28

0 | 1600

220

110

30

2000

290

"120

32

2000

2500

260

130

34

2500

3150

290

145

38

*Not appllca Ie 10 sizes up to 1 mn.

1 In grades 7 to 11, the two symmel.rlcal deviations :L—- should be rounded if the IT value in micrometres is an odd valuc by replacing it by

the even velue immediately below -
$ Special case: for M6, ES = —9 from 250 to 315 (mslead of —11),

_ § Not applicable to sizes up to 1 mm. .
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- TABLE 3, FUNDAMENTAL DEVIATIONS FOR HOLES—continued .
Unit = 000! mm
Fundamental ' ' ‘
deviation ‘ Upper deviation ES _ . .
Pto : - - =
Leter (BE|P|R[s |[T|u|v]x]|v]|zlza[zB]|2C L ‘ 5
Grado <7 | - 7 S Values for 4
Nominal sizes ) ' Grades:
Over | Te - = = - - | == - - - - — 13| 4 | 5|67 8
. mm mim : .
- C e 3 6] 10| 18] — 1 — | 20f — 26| 32/ 40 60j 000 [0} 0f o
3 6| 12| 15 19| — 23| — | 28] — 35| 42( 50| 80| 1 | 15 1
10 15| 19| 23| — | 28| — | 3| — 42| 52| 61| 91| 1 | 15| 2 . -
10 14| — | w0 — 50| 64 90| 130"
. 181 23 28| — 33 1233 7| 9 !
4| 18| o S 39| 45| — 60| 77| 108 | 150 N -
18| 24} B o = 41 47 54| 63| 73| 98| 136 188 A
_ ‘ = | 22| 28| 35 5/ 2 (3|4 )| 8|12 :
- T ) é = : 41| 48| 55| 64| 75| 88| 118| 160 218
. 0 40 § ‘ 48| 60| 68) 80| 94| 112 148] 200 ] 274 ‘ .
| 2 |26 34] . 43, 15 3 (4] 6| 9] 14
] 60|, : s 54| .70 81| or| 114| 136| 180 242 | 395 )
50| 65| & 4r | ‘53| 66 87 |102 122 144 | 172 226 | 300 | 405 .
- s | 32 213 |5 |6 |1li1s
65) -80f 8 | 43 59| 75| 102 |-120 | 146 174 210 274 | 360 480 E ' ,
80| 100{ B {8171 91| 124|146 {278 | 214 268 | 335 445 | s85 .
- e | 37 = 214571319
1000 120fc@ |0 | 54 79| 104 | 144 (172 | 210 | 254 | 310 | 400 | 525 690 :
o120 1e0| Z.f | 63| 92| 122| 170|202 [ 248 | 300 | 365 | 470 | 620 | 800
; § ;
-~ 140.| 160} 5 | 43| 65| 100 13¢| 190|228 /280 | 340 415 535 700| 900 3 [ 4 ) 6 | 7 | 15| 23
160 | 180 | & 68 1.108 | 146 | 210|252 [ 310 | 380 | 465 00 780 | 1000 '
180 | 200 'l T7.|.322 | 166 | 226|284 (350 | 425 | 520 | 70 | 880 | 1150 -
200 | 225 U" 50| 80| 130°| 180 | 258 (310|385 470 | 575| 740| 960 {1250 ) 3 | 4 | & [ 9 | 17| 2
5 225 |. 250 | . 5 | 84 140 296 | 284|340 | 425 | 520 | 640 | 820 1050 | 1350
250 | 280 | W - 94| 158 | 218 315|385 | 475 | 580 | 710 | 920 | 1200 | 1550 _ i
56 |— ‘4 | 4| 7|9 |22 T
280 | 315 N 98| 170 | 240 | 350 | 425 | 525 | 650 | ‘750 | 1000 | 1300 | 1700 i L
.316 | 385 | 108 | 190.| 268 | 390 )475 |59 | 730{ 900 1150 | 1500 | 2800 | . N E rd
. 62 4 (5 |7.f11 |21 3 3.
355 | 400 114 | 208 | 294 | 435|530 | 660 | 820 | 1000 | 1300 | 1650 | 2100 : | z
400 | 450 - | 126 | 232 | 330°| 490 | 595 | 740 | 920 | 1100 | 1450 | 1850 | 2400 . > , g
| 68 5§ 061 7 |13 |93(34 - L
1450 | 500 132 | 252§ 360 | 5401 660 | 820 | 1000 { 1250 4 1600 | 2100 | 2600 . R &
Grage - Gto16 . : R P - - ST :
500 | 560 1 150 | 280 | 400 | 600 T .
560 | . 630 .| 185 | 310 450 660 :‘ln determining K, M, N up to Grade 8 and P to ZC up to Grade 7, add the -
- ! iate | de as indicated, e.g. =8~
630 | 710 . 155 | 390 | 500 740 tht::; '%:caggroirfti: the grade as indicated, e.g. for P7 from ;Bto :f:o,A 8

710 | 800 185 | 380 | 560 | 840 ‘ ‘ .
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~ been found to be commonly applied:’

2.4 SELECTED FITS

2.4.1 Sclected holes snd shafts. The 1SO system provides.
a great many hole and shaft tolerances, so as to cater for
a very wide range of conditions. However, experience
shows that the majority of fit conditions required: for
normal engineering products_can be. provided by a quitel

limited selection of tolerances.s—<: «

The following selected Hale and ‘shaft tolerances havé!; ‘

Selected hole tolerances: H7; HS,H9 :’},-‘Il;-l '

Selected shaft tolerances: cl1; d10;e9; {7; g6, h6; ké;

né; p6;s6 .
- Manufacturers using the system will, however, wish to

. prepare data sheets showing a selected range of fits, and
. iFigs. 8 and 9 illustrate a range which is derived from the

@ In'many cases, this range may be found to be suitable, = .

selected hole tolerances and shaft tolerances listed above.-

although it is likely that the bulk of the requirements’of
some users may be met by an even shorter range.

. In compiling ranges of selected fits on the hole basis,
the procedure should be first to-determine the number of-.

standard hole tolerances to te used, and then to determine -

an appropriate range “of shaft tolerances. The range
illustrated in Fig, 9 uses four standard holes: . .

“ H7; H8; H9; HIT
-Some manufacturers may not need to use the coarser

fits and may consequently need to employ only three, or
possibly two, hole tolerances. The shaft tolerances should

" be chosen to provide the necessary type of fit, in the

“ ‘as has already been pointed out, it is useful from the

appropriate tolerance grades. .
In Fig. 8, the grades 7 for holes’and 6 for shafts are -
used. These are the most common tolerance prades and,

- manufacturing point of view to allocate a slightly larger

tolerance to the hole than to the shaft.

" . ‘However, with regard to the implementation of a
selected range of fits, a further important point should be
borne in mind. Given that a manufacturer has decided
upon a selected range and has installed the necessary
tooling and gauging facilities, it is possible to combine

.the hole and shaft tolerances in different ways in order to

.. provide a” wider range of fit conditions without any

o

Coa

ﬁ .~ provide exactly

additional investment in tools and equipment, .
For cxample, assume that the range of fits shown in

Fig. 8 has been introduced and that, for a particular

- application the fit H8-f7 is appropriate but provides

rather too much variation, the hole tolerance H7 could
equally well be associated .with the shaft £7 and may
what is required without necessitating
additional tooling. ' E
- This facility may be extended to include any combina-
ticns‘of the selected hole tolerances and selected shaft
tolerances. : T
Tables 4, 5 and 6 respectively give the limits of tolerance -
and the extremes of fit for the hole and shaft combinations’

- shown iri Figs. 8and 9, -

2.4.2 Shaft-basis fits, In some organizétidﬁs the shaft-basis

may be preferred to the hole-basis, and the advantages
of this system should not be overlooked. Wherc a number

~of qompomnts’have to be fitted to a common shaft, the

use of shaft-basis fits is obviously preferable and a more
widespread use of shaft-basis fits is justified where bar
stock material is available to standard shaft tolerances of
the SO 'system, as is the case in many metric countries

18

where bar stock can be obtained in various qualities to
h6, h7, h9 and h1l tolerances, - oo
For the benefit of those organizations who may wish
to use shaft-basis fits, Figs. 10 and 11 show the shafi-basis
equivalents of the hole-basis fits shown in Figs. 8 and 9.
These are all dircct conversions except that the fit
H9-d10, instead of being converted to D9-h10, is adjusted
to D10-h9; this is to avoid introducing the additional
shaft tolerance hi0. '

L

2.4.3 Usc of other tolcrance grades. In a national standard
of this kind it is clearly impossible to recommend selections
of fits which are appropriate to all sections of industry.
While the ranges shown in Figs. 8, 9, 10 and 11 will meet
many requirements, there will be some sections of industry
which will need coarser or finer ualities, One reason for the
lengthy treatment in this standard of 1he principles around
which this system is designed's to assist the reader to
make full use of the system in selecting fits suitable for his
particular requirements. If, for example, the rypes of fil
shown in Figs. 8 to |1 are suitable but the tolerance

,.quaiitics are too fine or too-coarse, alternative selections
~-can easily be made by adjusting the tolerance grades.

e.g. instead of H8-f7, the
could be used; .
instead of H7-h6, qualities H8-h7 or H6-h5 could be
used, '

qualities H7-f6 or H9-f8

In all cases, however, the startihg poiﬁt should be the
provision of the minimum number of tolerance gradss
for the basic member of the fit.

2.4.4 Sizes above S00 mm. There is of course no hard and
fast dividing line between what are regarded as ‘small
sizes” and * large sizes * from the point of view of manu-
facturing techniques. When the original ISA system was

“developed, however, it was based to a great extent on

practical experience and the majority of experience in the
field of interchangeable manufacture at that time was
related to sizes in the range up to 500 mm. :

An extension of the system to cover sizes up to 3150 mm
is inccrporated in ISO/R 286. This extension is based on
principles closely similar to those of the original system
and is designed to blend with it. (The formulae for standard

- tolerances and deviations are given in Appendix A.)

Although, as previously indicated, it is not sugge<ted
that there is a particular size at which interchangeable
manufacture suddenly becomes more difficult, it is recog-
nized that manufacturing and measuring problems which
are not encountered when woiking in small sizes do occur
in relation to large sizes; the effects of temperature, for
example, are- much more significant where very large
sizes are concerned, Factors .which should be taken into
account when dealing with fits in the Jarge size range are
dealt with in Appendix B which reviews the problems and
gives information concerning the practical effects of errors
on tolerances and fits. '

No tables of preferred fits are included for sizes above
500 mm but Table 7 gives suggested associations of holes
and shafts for interchangeable manufacture and limits
of tolerance for selected shafts and holes wiil be found in
Tables 8 and 9.

In cases where interchangeable manufacture is not
practicable, the technique of matched fits may be used
and this is described in Appendix C.

,Jzé 32085
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Fig. 9. Selected fits—hole-basis, to scale for 25 mm diameter  ~ gguyuens
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Fig. 11. Selected fits—shaft-basis, 1o scale for 25 mm diameter
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TABLE 4, LIMITS OF TOLERANCE -FOR' SELECTED I-’OLES
‘ (Upper and lower dewatlons) ‘ Wt

ES = Upper deviation ' ‘ ' SRR S
EI = Lower deviation . ‘7 L Unit = 0-001 mm

Nomlnnl sizes

Upto
and
Including

g
[of
-
[}
L]

" mm
3

10
18
30
50
80

(
ololalole

Bloale|e|e

olojlojejo|olo|e|ole|[o]|ole
ol|leo

o|loflo|o|o|o|lelelo|le|le]|lela
olojololololcie|g|oclale|e
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“-es = upper deviation -
= lower deviation :

ei

TABLE 5. LIM"ITS OF TOLERANCE FOR SELECI‘EZD SHAFI‘S
(Upper and lower devmuons) Co

il
i

" Nominal sizes

el

Over

To

‘mm

mm

3

60

3

70

10

80

10

18

95

18

30

30

40

40

50

50

65

65

80

80
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