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ISO SYSTEM OF LIMITS AND FITS (BASES 
OF TOLERANCES, DEVIATIONS AND FITS) 

1.0 S C O P E 

This corporate standard gives the bases of the ISO system of Umits arid fits together with 
the calculated- values of the standard tolerances and fijndamental deviations. These 
values shall be taken as authoritative for the appUcation of the system (see also clause 
A.1) 
This corporat^jj, standajni. also gives terms and definitions together with associated 
symbols. ' »• 

1.1 This corporate standard is J^sed on IS: 919 Part 1-1993/ReafGrmed 2008 (ISO 286-1) 
l . * ; The hole basis system shall Si^y be used in B H E L . 

2.0 F I E L D O F A P P L I C A T I O N 

The ISO system of Umits and fits provides a system of tolerances and deviations suitable 
for plain work pieces. 
For simplicity and also because of the importance of cylindrical work pieces of circular 
section, only these are referred to expUcitly. It should be clearly understood, however, 
that the tolerances and deviations given in this standard equally apply to work pieces 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 work piece, 
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 work 
pieces having features with parallel faces, such as the fit between a key and keyway, etc. 
N O T E — It should be noted that the system is not intended to provide fits for work piece 
••vith features having other than simple geometric forms. 
For the purposes of this Corporate Standard, a simple geometric form consists of a 
cylindrical surface area or two parallel planes. 

3.0 R E F E R R E D S T A N D A R D S 

Note - See also clause 10. ^ 
ISO 1 Standard reference temperature for industrial length measurements. 
AA02302C3 0SO 286) ISO system of Umits 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 work pieces'' 
ISO 3015 IS: 12160 Technical drawings - Fundamental tolerancing principle. 

Revisions: As per Clause 18.7 of IS-** M O M 
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4.0 T E R M S A N D D E F I N I T I O N S 

For the purposes for this 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, ac<xirding to convention, to describe an external feature of a work piece, 
includmg features which are not cylindrical (see also clause 2). 

4.1.1 Bas i c 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 . i Hole 
A term used, according to convention, to describe an internal feature of a work piece, 
including features which are not cylindrical (see also clause 2) 

4.2.1 Bas i c 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 Bas i c Size; n o m i n a l size 
The size from wliich the limits of size are derived by the appUcation 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 A c t u a l size 
The size of a feature, obtained by measurement. 

4.3.2.1 A c t u a l loca l size 
Any individual distance at any cross section of a featxire, i.e. any size measured between 
any two opposite points. i 

4.3.3 L i m i t s of size 
The two extreme permissible sizes of a feature, between which the actual size should Ue, 
the Umits of size being included. 

4.3.3.1 M a x i m u m Umit of size 
The greatest permissible size of a feature (see figure 1) 

4.3.3.2 M i n i m u m l i m i t of size 
The smallest permissible size of a feature (see figure 1) 
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4.4 

4.5 

Limit System 
A system of standardized tolerances and deviations. 
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), 
AcoDrding to convention, the zero fine is drawn horizontally, withjpositive deviations 
shown above and negative Deviations below (see figure 2). 

I 
1̂  

2 7 
11 

Figure 1 - Basic size, and maximum and minimum limits of size 
4.6 Deviation 

The algebraic difference betv/een a size (actual size, l imit 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, E l ) (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 Hmit of size and the corresponding basic 
size (see figure 2). 

4.6.1.2 Lower deviation (ES» es) 
The algebraic differenre between the minimum limit of size and the corresponding basic 
size (see figure 2). 

4.6.2 Fundamental deviation 

For the purpose 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, accordii^ to convention, the 
fundamental deviation is the one nearest the zero line. 
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4.7 Size tolerance 
The difference between the maximum Hmit of size and the minimum Hmit of size i.e. the 
difference between the upper deviation and the lower deviation. 
NOTE: The tolerance is an absolute value without sign. 

— tovyfl/ tftfvUitefi ICI, e i l 14.a. 1.21 
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Figure 2 — Conventional representation of a tolerance zone 
4.7.1 Standard tolerance (IT) 

For the purpose of the ISO system of Hmits 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 purpose of the ISO system of limits and fits, a group of tolerances (e.g. ITT), 
ojnsidered as corresponding to the same level of accuracy for al l basic sizes. 

4.7.S Tolerance class 
In a graphical 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 Hne (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 , 2) 
For the purpo^s of the ISO system of Hmit^ 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 

A.1 The standard tolerance factor i is applied to basic sizes less than or equal to .')00 
mm. 
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A.2The standard tolerance factor / i s 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). 

4.8.1 Minimum Clearance 
In a clearance fit, the positive difference between the minimiun Umit of size of the hole 
and the maximum Umit of size of the shaft (see figure 4). 

4.8.2 Maximum Clearance 
i n a clearance or transition fit, the positive difference between the maximum Umit 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 Umit of size of the shaft (see figure 7). 

I 

Figore 3 - Clearance 

Figure 4 - Clearance fit 
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Figures - Transition fit 
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Figure 6 - Interference 
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 figxires 5 
and 7). 
F i t 
The relationship resulting from the difference, be|ore 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. 
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- 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 fit 
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, i n the extreme 
case, equal to the minimum size of the shaft (see figure 9). 

Figure 9 — Schematic representation of interference fits 
4.10.3 Transition fit 

A fit which may provide either a tolerance 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 i n part (see figxure 10). 
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Figure 10 - Schematic representation of transition fits \ 
4,10.4 Variation of a fit 

The arithmetic sum of the tolerances of the two features ramprising 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 l imit 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) 

m m m 

Sliafi "h" 

N 

(J 
N 

1 

M M UYAYA m 
Figure 11 - Shaft-basis system of fits 

NOTES: 
1) The horizontal continuous Hne represent the fundamental deviations for holes or 

shafts. 
2) The dashed lines represent the other limits and show the p<^sibiHty of different 

combinations between holes and shafts, related to their grade of tolerance (e.g G7/ h4, 
H6/h4, M5/h4). 

4.11.2 Hole - basis system of fits 

A system of fits in which the required clearajaces or interferences are obtained by 
associating shaft of various tolerance classes with holes of a single tolerance class. 
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4.12 

4.13 

P'or the purposes of the ISO system of limits and fits, a system of fits i n which the 
minimmn limit of size of the hole is identical to the basic size. i.e. the lowef deviation is 
zero (see figure 12). 

y/////////////A 
D » w C U 4 « l 4 3 U 

Figure 12 - Hole-basi^ system of fits 
NOTES: 
1) The horizontal continuous Unes represent the fundamental deviations for holes or 

shafts. 
2) The dashed lines represent the other limits and show the possibility of different 

combinations between holes and shafts, related to their grade of tolerance (e.g. H6/h6, 
H6/js5, H6/p4). 

Maximum material l imit (MML) 
The designation appUed to that of the two Hmits of size which corresponds to the 
maximum material size for the feature i.e. 

A.1 The maximum (upper) limit of size for and external feature (shaft) 
A.2The minimum (lower) Hmit of size for an internal feature (hole) 

Note - Previously called "GO Umit" 
Least material l imit (LML) 
The designation appUed to that of the two Umits of size which corresponds to the 
minimum material sire for the feature, i.e. 
1) The minimum (Lower) l imit of size for an external feature (shaft) 
2) The maximum (Upper) Umit of size for an internal feature (hole) 
Note - Previously called "NOT GO Umit" 

ei 
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5.0 S Y M B O L S , D E S I G N A T I O N A N D I N T E R P R E T A T I O N O F T O L E R A N C E S , 
D E \ a A T I O N S A N D F I T S 

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 tolerance grade is associated with (a) letter(s) representing a fundamental 
deviation to form a tolerance class, the letters IT are omitted e.g.h?. 
NOTE - The ISO system provides for a total of 20 standard tolerance grades of which 
grades I T l to IT 18 are in general use and given in the main body of the standaid. Grades 
ITO and ITOl, 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 figin^s 13 and 14). 
NOTE — To avoid conftision. the following letters are not used: 
1.1. L, 1; 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 "EI " for holes and the letters "ei" 
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 tolerance size shall be designated by the basic size followed by the designation of the 
required tolerance class, or the explicit deviatioi^. 
Example: 

32H7 
SOislS 

lOOgO 
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ATTENTION - In order to distingmsh between holes and shafts when transiritting 
information on equipment with Umited character sets, such as telex, the designation shall 
be prefixed by the following letters: 
1) H or h holes; 
2) S or s for shafts 
Examples: ^ 

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

This method of designation shall not be used on drawings. 

A fit requirement between mating features shall be designated by 
1) The common basic size; 
2) The tolerance class symbol for the hole; 
3) The tolerance class symbol for the shaft. 
Examples: 

52H7/g6 or 52 ^ 

A T T E N T I O N ; 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: 
a) H or h for holes; 
b) S or s for shafts; 
c) and the basic size repeated 

5.3 Interpretation of a toloi-ance size 
5.3.1 Tolerance Indication in accordance with ISO 8015 

The tolerances for work pieces 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 

5.2.3 Fit 

Examples: 
52H7/g6 becomes H52H7/S52G6 or h52h7/s52g6 
This method of designation shall not be used on drawings. 

^4 
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NOTES: 
1) According to convention, the fundamental deviation is the one defining the nearest Umit to 

the zero Une. 
2) For details concerning fundamental deviations for J / j , K/k, M/m and N/n, see figure 14. 

Figiure 13 - Schematic representation of the position of fundamental deviations 
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VI 

5.3.1.1 Linear size tolerances 
A linear size tolerance controls only the actual local sizes (two point measurements) of a 
feature, but not its form deviations (for example circularity and straightness deviations of 
a cylindrical feature or flatness deviations of parallel surfaces). There is no control of the 
geometrical interrelationship of individual features by the size tolerances. (For further 
information, see ISO/R 1938 and ISO 8015). 

5.3.1.2 Envelope requirement \ 
Single features, whether a cylinder, or established by two parallel planes, having the 
function of a fit between mating parts, are indicated on the drawing by the symbol ® in 
addition to the dimension and tolerance. This indicates a mutual dependence of size and 
form wliich requires that the envelope of perfect form for the feature at maximum 
material size shall not be violated. (For further information, see ISO/R 1938 and ISO 
3015). 
^JOTE - Some national standards (which should be referred to on the drawing) specify 
that the envelope requirement for single features is the norm and therefore this is not 
indicated separately on the drawing. 

5.3.2 Tolerance indication not in accordance with ISO 8015 
The t ^lerances for work pieces manufactured to drawings which do not have the notation, 
Tolerancing ISO 8015, shall be interpreted in the following ways within the stipulated 
length. 

B . l For holes 
The diameter of the largest perfect imaginary cylinder, which can be inscribed within the 
hole so that it just contacts the highest points of the surface, should not be smaller than 
the maximum material limit of s i ^ . The maximum diameter at any position in the hole 
shall not exceed the least material hmit of size. 

" 2 For shafts 
The diameter of the smallest perfect imaginary cylinder, which can be circumscribed 
about the shaft so that it just contacts the highest points of the surface, should not be 
larger than the maximum material hmit of size. The minimum diameter at any position 

, i:n the shaft shall be not less than the least material l imit of size. 
The interpretations given in a) and b) mean that i f a work piece is everywhere at its 
maximum material limit, that work piece should be perfectly round and straight, i.e. a 
perfect cylinder. 
Unless otherwise specified, and subject to the above requirements, departures from a 
perfect cylinder may reach the full value of the diameter tolerance specified. For further 
•nformation, see ISO/R 1938. 
NOTE - In special cases, the maximum form deviations permitted by the interpretations 
given in a) and b) may be too large to allow satisfactory functioning of the assembled 
parts; in such cases, separate tolerances should be given for the form, e.g. separate 
tolerances on circularity and / or straightness (see AA0230415) 

'4 
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6.0 Graphical Representation: 

The major terms and definitions given in clause 4 are illustrated in figure 15. 
In practice, a schematic diagram such as that shown in figure 16 is used for simplicity. In 
this diagram, the axis of the work pieces, which is not shown in the figure, according to 
convention always lies below the diagram. 
In the example illustrated, the two deviations of the hole are positive and those of the 
shaft are negative. 

8 a i i e m9 (4.3.11 

Figure 15 - Graphical Representation 

£ 
I 

KDta 

Figure 16 - Simplified schematic diagram 
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7.0 R E F E R E N C E T E M P E R A T U R E 

The temperature at which the dimensions of the ISO system of Umits and fits Ate 
specified is 20" C (see ISO 1) 

8.0 S T A N D A R D T O L E R A N C E S F O R BASIC SIZES U P T O 3150 m m 

8.1 Basis of the system i 
The bases for calculating the standard tolerances are given in annex A. ' 

8.2 Values of standard tolerance grades (IT) 
Values of standard tolerance grades I T l to IT18 inclusive are given in table 1. These 
values are to be taken as authoritative for the application of the system. 
NOTE - Values for standard tolerance grades ITO and ITOl are given in annex A. 

9,0 F U N D A M E N T A L D E V I A T I O N S F O R BASIC SIZES U P T O 3150 m m 

9,1 Fundamental deviations for shafts [except deviation is (see 9.3)] 
The fundamental deviations for shafts and their respective sign (•*- or -) are shown in 
figure 17. Values for the fiindamental deviations are given in table 2. 
The Upper deviation (es) and lower deviation (ei) are established from the fundamental 
deviation and the standard tolerance grade (IT) as shown in figure 17. 

. Devialiuna N t a ^ DeviaUom k to M 

e i 

{ 
m e n i a l i k v j t r i a n 

c i •" poxitivc { * } fattdm 
mcflial de\-istion 

et - - IT 

Figure 17 — Deviations for shafts 
M - W + IT 
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9.2 

9.3 

Fundamental deviation for holes [except deviation J S (see 9.3)] 
The fundamental deviations for holes and their respective sign (+ or -) are shown in figure 
18. Values for the fundamental deviations are given in table 3. 
The upper deviation (ES) and lower deviation (EI) are estabhshed from the fundamental 
deviation and the standard tolerance grade (IT) as shown in figure 18. 

O v n M i c M s A t o H 
Oiviatiooi X (9 Z C (ul « ^ fa Ml««M̂  

has dm or«̂ Mt ID m efMMiMi Kjud 

1 

£3r-£r + rr 

MB) 

ZcnUwr 

3 

deviMioa 

Figure-18 - Deviations for holes 
Fundamental deviation js and J S (see figure 19) 
The information given in 9.1 and 9.2 does not apply to fundamental deviations js and JS 
which are a symmetrical distribution of the standard tolerance grade about the zero line, 
i.e. for js: 

IT 
es = ei = y 
and for JS : 

IT 
ES = El - y 

^ 1 1 
' 2 

Figure 19 — Deviations js and J S 
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9.4 Fundamental deviations j and J 
The information given in 9.1 to 9.3 does not apply to fundamental deviations j and J , 
which are. for the most part, asymmetrical distributions of the standard tolerance grade 
about the zero line (see AA0230206 tables 8 and 24). 

Table 1 - Numerical values of standard tolerance grades IT for basic sizes up to 3150 mm'> 

B a s i c S i z e 

iT l ' i i r 2 t iry- IT4I: ^^5^ ITS iT7 

S t 

1 ^ 

a n d s r d t o l 

IT5 

a r a n c e g r 

IT10 

a t e 

n i l n i l r i 5 3 

\ 
i r i s * (7 ! 7* n i s ^ 

T o l e f a n c « s 

m m 

V 0.8 1.2 2 3 4 6 1 0 1 4 2 5 4 0 6 0 0.1 0.14 0 . 2 5 0 , 4 0 6 1 1 4 

3 6 : 1.5 2 5 4 5 8 1 2 I B 3 0 4 8 7 5 0 1 2 0 1 8 0 . 3 0 . 4 8 0 . 7 5 1 2 v B 

6 1 0 1.5 2 5 4 6 9 1 5 22 3 6 5 8 9 0 0.15 0.22 0 - 3 6 0 5 8 0 . 9 15 22 

10 18 12 2 3 S B 11 1 8 2 7 4 3 7 0 1 1 0 0 . 1 8 0 . 2 7 0 . 4 3 0-? 11 1,8 2.7 

13 3 0 1 5 2 . 5 4 6 9 1 3 2 \ 3 3 5 2 8 4 1 » 0 . 2 1 0 3 3 0-52 0.84 1.3 2.1 3 3 

3 0 5 0 1 5 Z.5 4 7 11 16 2 5 6 2 1 0 0 1 6 0 0-25 0 . 3 9 0,62 1 1.6 2,5 3.9 

5 0 8 U 2 3 5 B 1 3 1 9 X 4 6 7 4 1 2 0 1 9 0 0 3 0 4 6 0 . 7 4 1,2 1.9 3 4£ 

SO 1 2 0 2 .S 4 6 1 0 1 5 22 3 5 5 4 8 7 1 4 0 2 2 0 0.35 0 5 4 0,87 1.4 22 3 5 . 5 4 

1 2 0 1 8 0 3.5 5 6 1 2 « 2 5 4 0 6 3 1 0 0 1 6 0 2 5 0 0 4 0 6 3 1 1.6 2 i 4 6.3 

1 8 0 2 5 0 4 5 ; 1 0 1 4 2 0 2 9 4 6 7 2 1 1 5 1 8 5 2 9 0 0.46 0.72 1 . 1 5 1 8 5 2.9 4,6 7 2 

2 « 3 1 5 6 6 1 2 1 6 2 3 3 2 5 2 81 1 3 0 2 1 0 3 2 0 0.52 0 . S 1 1,3 2.1 3,2 5,2 8 1 

3 1 5 4 0 0 7 9 1 3 18 2 5 3 6 5 7 1 4 0 2 3 0 3 6 0 0 5 7 0.89 1,4 2.3 3.6 5.7 6.9 

liSi 5 0 0 8 10 15 2 0 2 7 4 0 8 3 97 1 5 5 2 5 0 4 0 0 0.63 0 . 9 7 1.S5 2.5 4 6 3 9 .7 

5 0 0 6 3 0 - ' 9 11 1 6 22 3 2 4 4 TO 1 1 0 1 7 5 2 S 0 4 4 0 0.7 1,1 1,75 2.8 4.4 7 1t 

6 3 0 800-"' 1 0 1 3 1 8 2 5 3 6 S O 8 0 125 2 0 0 3 2 0 SOO 0.8 1.25 2 3 .2 5 8 12.5 

8 0 0 1000̂  11 1 5 21 2 8 4 0 5 6 9 0 1 4 0 2 3 0 3 6 0 5 6 0 0.9 1.4 2,3 3.6 S.fr 9 1 4 

1 0 0 0 lasfr' 1 3 18 2 4 3 3 4 7 6 6 1 0 5 1 6 5 2 6 0 4 2 0 6 6 0 1,05 1.65 2,6 4.2 66 1 0 5 16.5 

1 2 6 0 1 6 0 C P ! 5 21 2 9 3 S 55 n 1 2 5 1 9 5 3 1 0 5 0 0 7 8 0 1 .25 1.95 3,1 5 7,8 12,5 19.5 

1 6 0 0 2000̂  18 2 5 3 5 4 6 6 5 9 2 1 5 0 2 » 3 7 0 6 0 0 920 1 5 2 3 3 7 6 9 . 2 1 5 ' 3 

2 0 0 0 3 5 0 0 ^ 22 3 0 41 55 7 8 1 1 0 i r a 2 8 0 4 4 0 700 1 1 0 0 1 .75 2 E 4 4 7 11 17.5 2 8 

2 5 0 0 3 1 5 0 ^ 2 6 3 6 SO 6 8 9 6 1 3 5 2 1 0 3 3 0 5 4 0 8 6 0 1 3 5 0 2.1 3 3 5,4 8 6 13-5 21 3 3 

B.3 Values for standard tolerance grades ITOl and ITO for basic sizes less than or equal to 500 
mm are given in annex A, table 5. 

B.4 Values for standard tolerance grades IT l to 1T5 (incl.) for basic sizes over 500 mm are 
included for -experimental use. 

B.5 Standard tolerance grades IT14 to IT18 (incl.) shall not be used for basic sizes less than or 
equal to 1 mm. 
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Table 2 - Numerical values of the fundamental deviations of shafts 

ACM 
nctichif 

r i rn til 
(T4 
to 
1:7 •MaMnlir ACM 

nctichif 
<' B" e M « • 1 « h b K. n r I I t • I I A a 

J' -IM M - H •a -14 - I I 4 J -3 D -1 •4 4 e 0 •1 •i •i • IB • 14 - I I -» •iS •» -40 •VS 
1 t jn -140 •H •» JD -14 -IB 4 .4 -I 4 •1 0 •4 • 1 •1] • 11 • 1* •» • M -JS •41 -it • 1 0 

1 N 'IM * 4 1 -M • I I 4 •6 0 -) 4 •1 0 4 •II •il • I I • n • a 4j •S7 4' 47 
1* li -ISC M M •U -U •1 I •J 4 -1 0 .7 •11 •II - 1 1 - : i •u •4i •SB <** ••0 • IN 
u M -ISC M M •U -U •1 I •J 4 -1 0 .7 •11 •II - 1 1 - : i •u •« • 4 J - « B ' 7 1 • I M -•il 
tl H . » IH -Itt « 40 -N •J I 4 4 -I 4 -IS •a •M •K 41 •47 •B4 .7) • M • IN - > M 

N M . » IH -Itt « 40 -N •J I 4 4 -I 4 -IS •a •M •K •41 4 1 4 6 •*4 •7! -M •ill •IH •IM 
N « JtO -m -IM •M • w •1 I 4 •Ml •I B 4 -17 •» • M •<! • 4 t •« H t •M •14 -"3 •tie -700 •174 
«g .no -MO -IM •M • w •1 I 4 •Ml •I B 4 -17 •» • M •<! 44 . h 41 47 •114 - I M •un -141 •US 
tt -MO -IK lU • ^ •to -10 • J -IJ •1 1 -H • » •n •41 •S} -M 47 •1B •'Ji •141 -171 •7;i • 300 •405 
I S M J W • M -IH • ^ •to -10 • J -IJ •1 1 -H • » •n •41 41 -7i • Ml -iia 'IN •174 -110 •1'4 •NB -410 
M •m •no •ih -IM a -> - 1 ) i 

f 
1 

4 -a • J • •11 -H •«l .7t 41 •174 • I N • 17* •114 • I S I •MS 44S • 5 1 5 

Ht IX -IH -IM a -> - 1 ) i 

f 
1 

4 -a • J • •11 -H 
•14 •71 .104 •144 •iri •110 • B 4 •Jl« •400 •SM •MO 

in IN 4 N -MO"̂  -IN -IIS *i •4] -14 • f 
1 

• II • M •) Its •17 -4J -n •III .170 •m •141 •Nt .4>D 4W •BOO 
IN K« j » -2«0 •lii -IIS *i •4] -14 • f 

1 

• II • M •) Its •17 -4J -100 -IM • HO •in -no •MO 4 IS • ^ •rM •mc 
IN IN -)I0 -IN 

-IIS *i •4] -14 • f 
1 

• II • M •) Its •17 -4J 
4 1 -lU • I4t •I ID •IS3 -SID •MC •M •BOO •no -1000 

IM m -5W IN l« -•oc -00 •IS • 
f 
1 

-1) -II •4 • • 17 -II •N •77 •1» -IH • IM -1*4 -XD 411 -U 4tO •IM -1150 
»i irt -Me •m l« -•oc -00 •IS • 

f 
1 

-1) -II •4 • • 17 -II •N •N -IM • IK •Ml -ITO •MS ah) • i f i •)40 •MB .1JS0 
)2S ) M -«0 •Mt 

l« -•oc -00 •IS • 
f 
1 

-1) -II •4 • • 17 -II •N 
•M -140 •m - 1 1 4 • M O 471 •UB •«N • ( M • M M •100 

M! MO -4t« •m -in -110 •M -17 B a 
c 

i 
j 

.14 •rt .4 • •M •M •a 44 • I S I -HI -Hi •MS U)i •SH •711 •«M •IMO •1^ 
-IWO •649 -no 

-in -110 •M -17 B a 
c 

i 
j 

.14 •rt .4 • •M •M •a •U • 170 • 140 .3U •415 - 5 U •ISI • 7M j|D(n • IWO .17M 
lis lî  -iKn •CM -MB •lit •IK «) •<l B 

a 
c 

i 
j 

- I I •n .4 • •!i •J7 41 • IM •IN -»« •MO •475 -SH -fM > « 0 -n» -1500 -IBM 
M w -IJSO 4>« -•00 

•lit •IK «) •<l B 

a 
c 

i 
j 

- I I •n .4 • •!i •J7 41 •114 •Ml -»4 •4)5 •tM •UO 4 M • MM -lUD • 1150 • 2 . K 

m «sc -IM -m •4m -IX - 1 » « -» • 

a 
c 

i 
j 

•M •M •s » •£> •41 •M •IM •;u •IM • 4 M • 4 1 5 •7N •fid .n» -1451 - 1 1 5 0 • I 4 I M 

<M m -m •*« 4 * 
-IX - 1 » « -» • 

a 
c 

i 
j 

•M •M •s » •£> •41 •M 
• IM <IM •MB Am •M •IM •WB -11^ -IKC -JIDO •»ao 

M m •u -MS -n 1 

a 
c 

i 
j B • •M •44 •71 • IM -MB • 4 H 40t 

U O l» 
•u -MS -n 1 

a 
c 

i 
j B • •M •44 •71 

- W • 1 1 1 •491 •M 
'10 .140 40 -74 B 1 B 1 •N •ao 4 1 •iH •MB ilU • 7« 

rill m .140 40 -74 B 1 B 1 •N •ao 4 1 
-ipi •MB •IM 4« 

Ul Mo .UO -m 40 -M 1 

1 
B 1 •34 •«B •IM •JIB -4» 4X 4« 

MM .UO -m 40 -M 1 

1 
B 1 •34 •«B •IM 

-no -471 4 1 1 •IBM 
IIX -IK M - M 1 

1 

B • - N 4 1 •IM -ao -7H •IlU 
iiS IMD -IK M - M 1 

1 

B • - N 4 1 •IM 
• M B •m 4 4 0 • IM 

IISD HOC • m «« -HI -M 1 t t • 4 1 •« 'MO - M O • t m •IBB • I4S0 
U M im • m «« -HI -M 1 t t • 4 1 •« 'MO 

- ] M •m •lOIB -tW 
M B <tN 4 M -MO -in •V 0 « 1 •SB 41 •170 •378 •no * I 1 0 0 -IBM 
1MB noo 

4 M -MO -in •V 0 « 1 •SB 41 •170 • i ^ •DO *ite •3BH 
»» a« -W •IM 41 B 1 1 •« • IN 'tis •44B •IBM • I M B •INO 

Hat -W •IM 41 B 1 1 •« • IN 'tis 
• 4 M • IWl -WSB -MM 

m 4)0 • m -MI -M • • • •71 •IK •MO •IBB •m 'Im 
MM 4)0 • m -MI -M • • • •71 •IK •MO • 14BB •INB • 3 m 

A 

70 

C 

0 0 

1) Fundamental deviations a and b shall not be used for basic sizes less than or eq^al to 1 ram. 
2) For tolerance classes js7 to js 11, if the IT value number, n, is an odd number, this may be rounded to the even number immediately below, 

so that the resulting deviations i.e. can be expressed in whole micrometres. 
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Table-3 Numerical values of the fundamental deviations of holes 
F u n d ^ i n i e n t a l d e v i a t i o n v a l u e K i n micromet i - eH 

All ilJiHtJnJ M i l >iur ( f j i k ' i m t r . ITK 
l l p t r 

ITH 
( Int lJ i n i ( i n t l ; 

i m l™ 
IHHlJ 

ITK 
177 

i m t l J 
t u n ^ r d t i i l n - m c n i l n i . i b u v t ITT JLAIt ' iHiltullTJII- . - gt^f 

Up tg jm] 

Al l ilJiHtJnJ M i l >iur ( f j i k ' i m t r . ITK 
l l p t r 

ITH 
( Int lJ i n i ( i n t l ; 

i m l™ 
IHHlJ 

ITK 
177 

i m t l J 
t u n ^ r d t i i l n - m c n i l n i . i b u v t ITT JLAIt ' iHiltullTJII- . - gt^f 

Up tg jm] 

111 c c n n 1. RP |i G H 1 N> M i l l r i n 
P R i ; T U V X V 7 M IB zc m IT4 ITS ITli m m i 

. 1 7 0 • 1 , J • 14 • IB • 14 11" tip • 4 • 2 0 

1 
J 

i 

i 

i 

•4 • t, n n -2 1 •« 4 

i 

1 
? 

I 

h •JO 14 -10 M - I h • 1 1 •40 -60 0 0 0 n n i> 

) . 1 7 U • 14P -TO *44 t i o .« • 14 ' 10 • 6 M 0 

1 
J 

i 

i 

i 

4 i • I : M" 140 4 4 1 4 ltd 0 

i 

1 
? 

I 

11 10 11 •a JS 4 1 SO 00 1 1 . ( 1 4 b 
t i n • I M • M ' t o * 1 S 4 11 - 0 4 S 0 

1 
J 

i 

i 

i 

• • H 417 • n o l t « I. l o + a l> 

i 

1 
? 

I 

'S 1 1 20 14 •41 -11 * 7 » 7 1 1 '. 1 1 A 7 
ID u 

- i i r r9S .» • t> 1 

1 
J 

i 

i 

i 

t ( . - 1 0 • n ' 1 4 « J l i .7 • i 2 + i 0 

i 

1 
? 

I 

I I 1 ' u H 
•40 •,»n •64 11 110 

1 1 .1 1 7 1 
|4 10 

- i i r r9S .» • t> 1 

1 
J 

i 

i 

i 

t ( . - 1 0 • n ' 1 4 « J l i .7 • i 2 + i 0 

i 

1 
? 

I 

I I 1 ' u H 
• M •45 • M -77 - lOH • I S O 

1 1 .1 1 7 1 

i * 14 
' I M • -no * 4 « 4 1 0 4 ' ' 0 

1 
J 

i 

i 

i 

4K - 1 1 420 1 4 a 0 i s i a 0 

i 

1 
? 

I 
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2* W 
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1 
J 

i 

i 

i 

4K - 1 1 420 1 4 a 0 i s i a 0 

i 
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? 

I 
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? 

I 
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1 % .1 4 S II 
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• Kl l * S 0 >w .« a 
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J 

i 

i 

i 

4III • 14 +24 - 2 4 a •*+a •0 I 7 4 i (1 

i 
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? 

I 
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1 % .1 4 S II 
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i 

i 

i 

4 1 1 - I I 4 2 1 24A t i + o II l o + a 0 

i 
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? 

I 
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4 l S I -*6 •07 101 112 144 I ' l J i t • 1(111 405 

i 1 S 6 II Ih 
bS M * ] M • M ) * W 

4 I 0 O *M> 410 4111 0 
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J 

i 

i 

i 

4 1 1 - I I 4 2 1 24A t i + o II l o + a 0 

i 
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? 

I 
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i 1 S 6 II Ih 
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i 

i 
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? 
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J 

i 

i 
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? 

I 
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J 
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i 

i 
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i 
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? 

I 
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i 
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? 

I 

-41 
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i 
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i 

i 
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F u n d a m c n t s l d e v i a t i o n s A a n d B s h a l l not be uaed for b a s i c s i zes less t h a n o r e q u a l to I 
m m . 
F o r t o l e r a n c e c l a H s e n J S 7 to J S I I . i f t h e I T v a l u e n u m b e r , n, is a n odd n u m b e r , t h i s m a y be 
r o u n d e d to t h e e v e n n u m b e r i m m e d i a t e l y be low. 
S o t h a t t h e r e s u l t i n g . ' " e v i a t i D n s , i . e . ± ~ - c a n be exprcHned i n who le n i i c r o m c t r e i i 
F o r d e l e r m i n i i i i c the v a l u e s K . M a n d N for a t a n d a r d t o l e r a n c e g r a d e s u p to I T S ( i iKJ , ) a n d 
d e v i a t i o n i ) P to Z C for s t a n d a r d t o l e r a n c e g r u d e i i u p to I T 7 ( incl . ) t a k e the v a l u e s f r o m t h e 
c o l u m n s o n t h e r i g h t 

(concl.) E x a m p l e s : 
K 7 i n t h e r a n g e 18 to 30 m m ; A = 8( im. there fore E S = -2 + 8 = +6 j i m 
S 6 i n the r a n g e 18 to 30 m m : A = 4 n m . there fore E S = -35 + 4 = - : 1 1 p m 
S p e c i a l cases for t o l e rance C I M B K M t i i n the r a n g e f rom 250 to 315 m m . E S - -9 p m 
( i n s t e a d o f - 1 1 p m ) 
F u n d a m e n t a l d e v i a t i o n N for s t a n d a r d t o l e rance g r a d e s above I T S s l i a l l not be u s e d for 
b a s i c x izes less t h a n or e q u a l to 1 m m . 
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10.0 B I B L O G R A P H Y 

The following standards on tolerancing and tolerance systems wil l be useful with regard 
to the appUcation of this part of ISO 286: 
AA0423103 (ISO 406) Technical drawings - Linear and angular tolerances - Indications on 
drawings. 
AA0230415 (ISO 1101) Technical drawings - Geometricsd tolerancing - Tolerancing of 
form, orientation, location and run out - Generalities, definitions, symbols, indications on 
drawings. 
ISO 1829. Selection of tolerance zones for general purposes. 
ISO 1947, System of cone tolerances for conical work pieces firom C = 1:3 to 1:500 and 
lengths from 6 to 630 mm. 
AA0230416 (ISO 2692) Technical drawings - Geometrical tolerancing Maximum material 
principle. 
AA0230208 (ISO 2768-1) General tolerances for dimensions without tolerance indications 
- Part 1: Tolerances for Unear and angular dimensions.^* 
ISO 5166, System of cone fits for cones from C = 1:3 to 1 : 500 lengths firom 6 to 630 mm 
and diameters up to 500 mm. 

1) AA0230206 
2) AA0230415 

3) AA0423103 
4) AA0230416 

5) AA0230208 
6) ISO 8015 IS:12160 

7) ISO 1 
8) ISO/R 1938 

9) ISO 406 
10) ISO 1101 
11) ISO 1829 
12) ISO 1947 
13) ISO 2692 
14) ISO 2768-1 
15) 180 5166 

At present at the stage of draft. (Revision, i n pfirt of ISO 2768-1973) 
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Annex A 

Bases of the ISO System of limits and fits 
A3 General 

This nnnex gives the bases of the ISO system of hmits and fits. The data are given 
primarily so that values can be calculated for fundamental deviations, which may be 
required in very special circiunstances and which are not given in the tables, and also so 
that a more complete understanding of the system is provided. 
It is once more emphasized that the tabulated values in either this corporate standard or 
AA0230206 standard tolerances and fundamental deviations, are definitive, and shall be 
used when applying the system. 

A.4 Basic size steps 
For convenience, the standard tolerances and fundamental deviations are not calculated 
individually for each separate basic s ^ , but for steps of the basic size as given in table 4. 

: These ^teps are grouped into main steps and intermediate steps. The intermediate steps 
are only used in certain cases for calculating standard tolerances and fundamental 
deviations a to c and r to zc for shafts, and A to C and R to ZC for holes. 
The values of the standard tolerances and fundamental deviations for each basic size step 
are calculated from the geometrical mean (D) of the extreme sizes (Di and D2) of that step 
as follows: 

D = V D I X D 2 

For the first basic size step (lees than or equal to 3 mm) the geometrical mean, D 
according to convention, is taken between the sizes 1 and 3 mm, therefore D = 1.732 mm. 

'4 
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Table 4 - Basic size steps 
Valuer in millimetres 

B a s i c s i z e s u p t o 5 0 0 m m 
O n c l . ) 

M a i n s t e p s I n t e r m e d i a t e s t e p s 

A b o v e 
U p t o a n d 
i n c l u d i n g 

A b o v e 
U p to a n d 
i n c l u d i n g 

- 3 

3 6 N o s u b d i v i s i o n 

6 1 0 

10 1 8 
10 
14 

1 4 
18 

18 3 0 
16 
2 4 

2 4 
3 0 

3 0 5 0 
3 0 
4 0 

4 0 
5 0 

5 0 8 0 
5 0 
6 5 

6 5 
8 0 

8 0 1 2 0 
8 0 

1 0 0 
1 0 0 
1 2 0 

1 2 0 1 4 0 

1 2 0 1 8 0 1 4 0 

1 6 0 

1 6 0 

1 8 0 

1 8 0 2 0 0 

? 5 0 2 0 0 
2 2 5 

2 2 5 
2 5 0 

2 5 0 3 1 5 
2 5 0 

2 8 0 

2 8 0 

3 1 5 

3 1 5 4 O 0 
3 1 5 
3 5 5 

3 5 5 
4 0 0 

4 0 0 SOO 
4 0 0 

4 5 0 

4 5 0 

5 0 0 

- B a s i c s i z e s a b o v e 5 0 0 m m u p to 

3 1 5 0 m m ( i n c i . ) 

M a i n s t e p s I n t e r m e d i a t e s t e p s >̂ 

A b o v e 
U p t o a n d 

A b o v e 
U p t o a n d 

A b o v e 
i n c l u d i n g 

A b o v e 
i n c l u d i n g 

5 0 0 6 3 0 
5 0 0 1 5 6 0 

5 0 0 6 3 0 
5 6 0 ' 6 3 0 

6 3 0 8 0 0 
6 3 0 7 1 0 

8 0 0 
7 1 0 8 0 0 

8 0 0 1 0 0 0 
8 0 0 9 0 0 

8 0 0 1 0 0 0 
9 O 0 1 0 0 0 

1 0 0 0 1 2 5 0 1 0 0 0 1 1 2 0 
1 1 2 0 1 2 5 0 

1 2 5 0 1 6 0 0 1 2 5 0 1 4 0 0 
1 4 0 0 1 6 0 0 

1 6 0 0 2 0 0 0 1 6 0 0 1 8 0 0 

1 8 0 0 2 0 0 0 

2 0 0 0 2 5 0 0 2 0 0 0 2 2 4 0 
2 2 4 0 2 5 0 0 

2 5 0 0 3 1 5 0 2 5 0 0 2 8 0 0 

2 8 0 0 3 1 5 0 

A.5 Standard tolerance grades 
A.5.1 General 

ISO system of limii.^ and fits provides for 20 standard tolerance grades designated ITOl, ITO, 
IT1....IT18 in the size range from 0 up to 500 mm (incl.) and 18 standard tolerance grades in 
the size range from 500 mm up to 3150 mm (incl.) designated I T l to ITlS. 
As stated in the "Foreword" the ISO system is derived fi-om ISA Bulletin 25, which only 
covered basic sizes up to 300 mm, and was mainly based on practical experienre in industry. 
The system was net developed from a coherent mathematkal base, and hence there are 
disasntiuuity in the system and differing formulae for the deviation of IT grades up to 500 
mm. 
The values for standard tolerances for basic sizes t r o m 500 mm up to 3150 mm (incl.) were 
subsequently developed for experimental purposes, and since they have proved acceptable to 
industry they are now given as a part of the ISO system. 
It should be noted that values for standard tolerances in grades ITO and ITOl are not given in 
the main body of the standard because they have little use in practice; however, values for 
these are given in table G. -

T h e s e are used i n c e r t a i n cases for d e v i a t i o n s a to b a n d r to ac o r .A to C a n d R t o Z C (see t a b l e s 2 a n d 3). 
T h e s e are u s e d for t h e d e v i a t i o n s r t o u a n d R to U (see t a b l e s 2 a n d 3). 
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Table 6 ~ Numerical values for standard tolerances in grades ITOl and ITO 
Basic size Standard tolerance grades 

mm ITOl ITO 
Above Up to and 

including Tolerances \im 
- 3 0.3 0.5 
3 6 0.4 0.6 
6 10 0.4 0.6 
10 18 0.5 0.8 
18 30 0.6 1 
30 50 0.6 1 
50 80 0.8 1.2 
80 120 1 1.5 
120 180 1.2 2 
180 250 2 3 
250 315 2.5 4 
315 400 3 5 
400 500 4 6 

A.5.2 Derivation of standard tolerances (IT) for basic sizes up to and including 500 mm 
A.5.2.1 Standard tolerance grades ITOl to IT4 

The values of standard toleiances in grades ITOl, ITO and I T l are calculated from the 
formulae given in table 6. It should be noted that no formulae are given for grades IT2, 
IT3 and IT4. The values for tolerances in these grades have been approximately scaled in 
geometrical progression between the values for I T l and ITS. 

Table 6 - Formulae for standard tolerances in grades ITOl, ITO and ITl for basic sizes up 
to and including 500 mm 

Values in micrometer& 

Standard 
tolerance grade 

Fornnula for calculation 
where D is geometric 

mean of the basic size in 
millimetres 

1T01») 0.3+0.008D 
ITO') 0.5+0.012D 
ITl 0.8+0.020D 

- See the "Foreword" and A.3.1 
A.5.2.2 Standard tolerance grades ITS to ITlS ^ 

The values for standard tolerances in grades ITS to IT lS for basic sizes up to and 
including 500 mm are determined as a function of the standard tolerance factor, i . 
The standard tolerance factor, i , in micrometres, is calculated from the following formula: 
i = 0.45 V D +0.001 D 
Where D is the geometric mean of the basic size step in millimetres (see clause A.2). 
This formula was empirically derived, being based on various national practices and on 
the premise that, for the same manuiacturing process, the relationship between the 
magnitude of the manufacturing errors and the! basic size approximates a paraboUc 
function. 
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The values of the standard tolerances are calculated in terms of the standard tolerance 
factor, i . as shown in table 7. 
It should be noted that from IT6 upwards, the standard tolerances are multipUed by a 
factor of 10 at each fifth step. This rule applies to all standard tolerances and may be used 
to extrapolate values for IT grades above I T l S . 
Example: 
IT20 = IT15 x 10 = 640i x 10 = 6400 i 
Note - The above nile applies except for IT6 in the basic size range from 3 to 6 mm 
(incl.) 

Table 7 - Formulae for standard tolerances in grades ITl to ITlS 

B„5if size 
mm 

Standard tolerance grades 
B„5if size 

mm ITl It IT2" IT3" nr4" ITS IT6 IT7 ITS IT9 IT 10 IT l I IT12 ITl 3 ITl 4 ITlS 1T16 ITl 7 ITlS 

Above 
Up to 
iiiid 

including 
Formulae for standard tolerances (Results In micrometres) 

500 - - - 7; 10/ 16/ 25/ 40/ 64/ 100/ 160/ 250/ 400/ 640/ 1000/ 1600/ 2500/ 

500 3150 2/ 2.7/ 3.7/ 5 / 7/ 10/ 16/ 25/ 40/ 64/ 100/ 160/ 250/ 400/ 640/ 1000/ 1600/ 2500/ 

- See A.3.2.1 
A.5,3 Derivation of standard tolerances (IT) for basic sizes from 500 mm up to and including 

3150 mm 
The values for standard tolerances I grades I T l to IT lS are determined as a function of 
the standard tolerance factor, I. 
Standard tolerance factor, I. in micrometres, is calculated from the following formula: 
I = 0.004D + 2.1 
Where D is the geometric mean of the basic size step in millimetres (see clause A.2)_ 
The values of the standard tolerances are calculated in terms of the standard tolerance 
factor, i, as shown in table 7. 
It should be noted that from IT6 upwards, the standard tolerances are multipUed by a 
factor of 10 at each fifth step. This rule appUes to aU standard tolerances and may be used 
to extrapolate values for IT grades above IT 18. 
Examples; 
IT20 = 1T15 x 10 = 640i x 10 = 6400i 
NOTES 

- The formulae for i^tandard tolerance in grades I T l to ITS are given on a 
provisional basis only. (These did not appear in ISO/R 286-1962) 

- Although the formulae for i and I vary, continuity of progression is assured for the 
transition range. 

.4 
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A.5.4 Rounding of values for standard tolerances 
For each basic size step, the values obtained from the formulae given in A.3.2 sind A.3.3 
for standard tolerances in grades up to and including I T l l , are rounded off in accordance 
with the rules given in table 8. 
The calculated values of standard tolerances in grades above I T U do not require 
rounding off because they are derived from values of tolerance grade*IT7 to I T l l , which 
have already been rounded off. * 

Table 8 - Rounding for IT values up to and including standard tolerance grade I T l l 
Rounding values in micrometres 

Calculated values obtained from Basic size 
the formulae given in A3.2 and Up to 500 mm Above 500 mm up 

A3.3 (incl.) to 3150 mm (incl.) 
Above Up to and including Rounding in multiples of 

0 60 1 1 
60 100 1 2 
100 200 5 5 
200 500 10 10 
500 1000 - 20 
1000 2000 - 50 
2000 5000 - 100 
5000 10000 - 200 
10000 20000 - 500 
20000 50000 - 1000 

NOTFS 
- For the small values in particular, it has sometimes been necessEuy to depart from 

these rules, and, in some instances, even from the application of the formulae 
given in A.3.2 and A.3.3 in order to ensure better scaling. Therefore the values 
given for the standard tolerances in tables 1 to 5 as appropriate, shall be used in 
preference to calculated values when applying the ISO system. 

- Values for standard tolerances in grades I T l to IT18 are given in table 1 and for 
ITO and ITOl in table 5. 

A 6 Derivation of fundamental deviations 
A.6.1 Fundamental deviations for shafts 

The fundamental deviations for shafts are calculated from the formulae given in table 9. 
The fundamental deviation given by the formulae in table 9 is, in principle, that 
corresponding to the l imits closest to the zero Une i.e. the upper deviation for shafts a to h 
and the lower deviation for shafts k to zc. 
Except for shafts j and js, for which, strictly speaking, there is no fundamental deviation, 
the vaj-ue of the deviation is independent of the selected grade of tolerance (even i f the 
formula includes a term involving ITn). 

A.6.2 Fundamental deviations for holes 
The fundamental deviations for holes are calculated from the formulae given in table 9 
and, therefore, the limit corresponding to the fundamental deviation for a hole is exactly 
symmetrical in relation to the zero Une, to the Umit corresponding to the fundamental 
deviation for a shaft with the same letter. 
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This rule apphes to ai l fundamental deviations except for the following. 
- Deviation N , for standard tolerance grades IT9 to IT16 in basic sizes above 3 mm 

up to 500 mm (incl.) for which the fundamental deviation is zero. 
- Shaft of hole basis fits, for basic sizes above 3 up to 500 mm (incl.) in which a hole 

of a given standard tolerance grade i& associated with a shaft of the next finer 
grade (e.g) H7/P6 and P7/h6) and which are required to have exactly the same 
clearance or interferences, see figure 20. ' 

In the cases, the fundamental deviation, as calculated, is adjusted by algebraically adding 
the value of A as follows: 
ES = ES (as calculated) + A 
Where A is the difference ITn- IT(n-l) between the standard tolerance, for the basic size 
htep in the given grade, and that in the next finer grade. 
Example: 
For P7 m the basic size range firom 18 to 30 mm: 
A = IT7 - IT6 - 21 - 13 = 8 îm 
NOTE - The rule given in b) above is only appHcable for basic sizes over 3 mm for 
fundamental deviations K, M and N in standard tolerance grades up to and including 1T8 
and deviations P to ZC in standard tolerance grades up to and including 1T7. 

(e/)*IT(n-11=(f5}*rT/7 

(e/]-ITo=(f5)-fT(/)-l) 

Figure 20 - Diagrammatic representation of the rule given A 4.2b) 
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The fundamental deviation given by the formulae in table 9 is, in principle, that 
corresponding to the Umits closest to the limits closest to the zero line, i.e. the lower 
deviation for holes A to H and the upper deviation for holes K to ZC. 
Except for holes J and J S . for which, strictly speaking, there is no fundamental deviation, 
the value of the deviation is independent of l^e selected grade of tolerance (even i f the 
formula includes a term involving ITn). 

A.6.3 Rounding of values for fundamental deviations \ 
For each b ^ i c size step, the values obtained from the formulae given in table 9 are 
rounded off in accordance with the rules given in table 10. 
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Table 9 - Formulae for fundamental deviations for shafts and holes 
Basic size mm Shafts 

-ormulae'' where D is the 
geometric mean of tiie 

basic size in millimetres 

Holes Basic size mm 

Above 
Up to 
and 

inctuiiing 

Fundame 
ntal 

deviation 

Sign 
n^ativt 

or 
positive) 

[)esigna 
tion 

-ormulae'' where D is the 
geometric mean of tiie 

basic size in millimetres 3esignati(»i 

Sign 
negative 

or 
positive) 

Pundamental 
deviation Above 

up to 
and 

ncluding 

1 120 
A - es 

265+ 1.3D 
El + t 120 

120 500 
A - es 

3.5D 
El + 

120 500 
1 160 

B - es 
=:140 + 0.85D 

EI + B 
1 160 

160 500 
B - es 

- 1.8D 
EI + B 

160 500 
() 40 C - cs EI C 

0 40 
40 500 

C - cs 
95 + 0.8D 

EI C 
40 500 

0 10 cd - es Geometric mean of the 
values for C.c and D.d Ei + CD 0 10 

0 3150 d - es 160°*" El + D 0 3150 
0 3150 c es EI + E 0 3150 

0 10 cf - es Geometric mean of the 
values for E.e and F.f EI + EF 0 10 

0 3150 f - es 5.5D«*' EI F 0 3150 

0 10 - es Geometric mean of the 
values for F.f and G.g EI FG 0 to 

0 315u - es 2.50°^'' EI + G 0 3150 
0 3150 h No sign es Deviation=0 El No sign H 0 3150 
0 500 j No formula-' J 0 500 

0 3150 is 
+ es 

ei 0.5ITn El 
ES JS 0 3150 

0 500" k ei 0.6 V D ES - 0 500" 
500 3150 

k 
"No sign 

ei 
Deviation=0 

ES 
No sign 500 3150 

0 500 m + ei IT7-1T6 ES - M*" 0 500 
500 3150 

m + ei 
0.0241>!2.6 

ES - M*" 
500 3150 

0 500 n •t- ei 
5O0 34 

ES - 0 500 
500 ^ 3150 n •t- ei 0.04D + 21 ES - 500 3150 

0 SOO 
P + ei 

1T7-*- 0 to 5 
ES - p4. 0 500 

500 3150 P + ei 0.072D+37.8 ES - p4. 
500 3150 

0 3150 r + el Geometric mean of the 
values for P.p and S.s ES - R"' 0 3150 

0 50 
s + ei 

ITS + 1 to 4 
ES - S*' 

0 50 
50 3150 s + ei IT? + 0.4D ES - S*' 50 3150 
24 3150 I + ei IT7+0.63D ES - T̂ » 24 3150 
0 3150 u + ei 1T7+D ES - U4) 0 3150 
14 500 V + el 1T7+1.25D ES - V4) 14 500 
0 500 •K + el 1T7+I.6D ES - 0 500 
IS 500 V + ei IT7+2D ES - Y4. 18 500 
0 500 z -t- ei IT7+2.5D ES - z*> 0 500 
0 500 za •t- ei [T8+3.I5D ES - 0 500 
0 500 zh ei I J 9 + 4 D ES - ZB*> 0 500 
0 500 ZC •f ei IT1(H-5D ES - ZC*> 0 500 

fundamental deviauonf H e . n>sulta from formula) in micrometres. 
Vaiiiea only given in lables 2 and o , 
Formula unly apylicM to grades 1T4 to IT7 inclusively; &ndamental deviation k for all other basic sizes and all other IT grades = 0 
Special rule applies {see A.4.2.b) 
Formula only applies to grades up to ITS mclusively: fundamental devialton K for al l other basic sizes and all other IT rrades = 0 
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Table 10 - Rounding for fundamental deviations 
Roimding values in micrometres 

Calculated vales obtained from the Basic size Calculated vales obtained from the 
Above 500 mm up to 

3150 mm (incl.) formulae given in table 9 Up to 500 mm (incl.) Above 500 mm up to 
3150 mm (incl.) 

Fundamental deviations Fundamental deviations 
\ 

^to u 
b t o u Above Up to and including 

a tog 
AtoG 

k to ZC 
KtoZC 

\ 

^to u 
b t o u 

Rounding in multiples of 
5 45 1 1 1 

45 60 2 1 1 
60 100 5 1 2 
100 200 5 2 S 
200 300 10 2 10 

500 10 5 10 
500 560 10 5 20 
560 600 20 5 20 • 
600 BOO 20 10 20 
800 1000 20 20 20 
lOOO 2000 50 50 50 
2000 5000 100 100 

20x 10" 50 X 10" 1x10=" 
50 X 10" 100 X10" 2x 10" 
100X10" 200x10" 5x10" 

N 
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Annex B 
Examples of the use of ISO 286-1 

B.6 General 
T i m annex gives examples i n the use of the ISO system of limits and fits, in determining 
the limits for shafts and holes. 
The numerical values of the upper and lower deviations for the more generally used basic 
size steps, fundamental deviations and tolerance grades have beenjcalculated and are 
tabulated in AA0230206. 
In special cases, not covered by AA0230206 the appropriate upper and lower deviations, 
and hence the limits of size, can be calculated from the data given in tables 1 to 3, and 
tables 4 to 6 in annex A i n this Corporate Standard. 

B.7 Review of special features 
A summciry of the features and factors which shall be taken into consideration when 
usiiig this part of ISO 286 to derive upper and lower deviations for special (^ses is given 
below: 

- Shafts and holes a. A , b, B are provided only for basic sizes greater than 1 mm; 
~ Shafts j8 are provided only for basic sizes less than or equal to 3 mm; 
- Holes K in tolerance grades above ITS are provided only for basic sizes less than or 

equal to 3 mm: 
- Shafts and holes t, T, v, V and y, Y are only provided for basic sizes greater than 

24 mm, 14 mm and 18 mm, respectively (for smaller basic sizes, the deviations are 
practically the same as those of the adjacent tolerance grades); 

- Tolerance grades IT14 to ITS are only provided for basic sizes greater "than 1 mm; 
-- Holes N of tolerance grades above 1T8 are only provided for basic sizes greater 

than 1 mm. 
B.8 Examples 
B.8.1 Determining the limits of size for a shaft <I> 40gll 

Basic size step: 30 to 15 mm (firom table 4) 
Standard tolerance = 160 ̂ m (from table 1) 
Fundamental deviation = - 9 pm (from table 2) 
Upper de\iation = fundamental deviation = - 9 fim 
Lower deviation = fundamental deviation - tolerance = -9 - 160 ̂ im = -169 ^m 
Limits of size: 

Maximum - 40-0.009 - 39.991 mm 
Minimum = 40-0.169 = 39.831 mm 

B.8.2 Determining the limits of size for hole O 130N4 ^ 
Basic size step: 120 to ISO mm (from table 4) 
Standard tolerance = 12 pm (from table 1) 
Fundamental deviation = -27 + A (xm (from table 3) 
^'!ilue of A = 4 yim (from table 3) 
Upper deviation 

Lower deviation 

= fiindamental deviation 
= -27 + 4 = -23 pm 
- fundamental deviation - tolerance 
=-23-12 pm =-35 Jim t 

Limits of size: 
Maximum = 130-0.023 = 129.977 mm 
Minimum = 130-0.035 = 129.965 mm 


