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1. SCOPE ;.

1.1 This standard gives general information about metric screw
threads with IS0 (International Organization for Standardisation)
Profile..

2. CDMPLIANCE W1TH STANDARDS:

This standard is based on 18:4218 {Pt.1) - 1976/Reaffirmed 1880
15:4218 {Pt.2) ~ 1976/Reaffirmed 1950
15:4218 (Pt.4) ~ 1976/Reaffirmed 1880
3. ' BASIC PROUFILE:
3.1 The basic profile of threads shall be as shown below:
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4. THREADED SERIES:

The following are the threaded series existing in the metric
system.

4.1 Coarse Threaded series: In coarse thresded series the piteh
varies with the change in diameter and is coarser than fine
threadsd series (see also 6.2.11.

4.2 Fine Thread Series: In fine threaded series also the pltch
varies with the change in diameter but is finer than the coarse
series {see also 6.2.2)
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4.3 Constant Pitch Threaded Seriss: In constant piteh threadsd éafics
the pitch remains constant irrsspesctive of change in diameter

(sse also B8.2.3)
5. DESIGNATION:

5.1 -The complete designatlion of screw thread comprises a designation
for the threaded system, size and a designation for the thread
tolerance class. i

5.2 Thread system and Size: The size of the screw thread shall be
designated by ths letter 'M' followed by the diameter and the
pitoh, the two being separated by sign '§'

For example: MB4 X1 4

Where M gsignifies metric thread of 1S5S0 profile, 64 iz the nominal
diameter and 4 represents the pitch,

VHERE THERE IS NO INRICATIDN DF PITCH, 1T SHALL MEAN THAT A
GOARSE PITCH 15 TO BE USED,

5.1.2 Thread Toleranca: The tolerances class designation includes a
class designation for the pitch diamster tolerancs,

-
ki

Each class designation conslsts ef
al A figure indicating the tolerance grade.

b) A letter indicating the tolerancs position, capital! Istiers
for nut {internal) threads and smal! letters for bolt
{extesrnal) threads.

EXAMPLES :
i) Nut (Internal) Threads: #N84 - BH

which identifies as internal thread of 64mm Nominal diameter
in the coarse thread seriss having 84 as the tolesrance class.
M24 X.2 - BH

which identifies as internal thread of 24mm nominal diameter
in the fine thread series having 2mm as the pitch and 6H as

the tolerance class.

ii} Bolt (External) Threads: M64 - B¢

which identifies an external thread of 64mm nominal diameter
in the coarse thread having 6g as the tolerance class.

M24 ¥ 2 - 6g

which identifles as external thread of 24mm nominal
in the fine thread series having 2mm as the pltch and 6g as

the tolerance class.

diameter
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5. SELECTION AND APPLICATION:

6.1 Selection:

designers should preferably select
arse or fine pitch series wsuch
d for which tools and gauges

8.1.1 In the interest of mconomy,
metric threads having either co
that only these pitches are use
stocked in various divisions.

6.1.2 Threads which are different from the standard graded pitch
. geries ®g. coarse or fine entail the design and manufacture
pf special threading tools and gauges with consequent increase
in cost. Therefore first preferengse shoulid always be given to
the standard coarse or fine series before selecting one of the

standard constant pitcp series.

6.2 Application: The choice of coarse or fine thread series usually
involves consideration of the following:
6.2.1 Coarse:Threads: The coarse thread gives a good resistance to
stripging. 1t is suitable for threaded fasteners and for
sneral use where the wall thickness can accommodate the

hread dimensions.

It ig particularly advantageous for use with the lower tenslle
strength materials such as cast iron, mild steel and other
softer materials (Brass, Atuminium, plastics etec.). It is also
suitable for applicatipns involving rapid assembly, removal or
situatjon subjected to slight corrosion or damage i.e, for

rough pse.
1

8.2.2 Fine Threads: The fing thread is recommended for all applica-
tions where a finer pigch is required. It is suitable for
threaded fasteners whese in static applications it is necessary
to provide extra care / atrength. The serleg is lesas resigtant
to stripping and to the effect of repeated tightening than the
coarse series. However, this-serises gives sufficient resistance
to stripping provided tha length of engagement is adequats.

§.,2.3 Constant Pitch Threads: Constant pitch threads may be used for
parts which are repsatedly assembled or dismantled and where
it may be necessary to rethread the part in service. The fline
pitches, make the series suitabie for adjusting collars,
retaining nuts, thin nuts ete. on shafts and sleeves. These are
also suitablae for general use in compact design work (also

refer clause 6.1.2).

6.3 Diametar / Pitch Combination:

8.3.1 Combinations of diameter/pitch recommended for use are given in

Table-1.
6.4 Unless otherwise specified, threads to this standard shall be
right handed. Whenever L.H. threads are required to be used, 1t
should be done only after consultation with standard cell of

respective division.
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7. LENGTHS OF THREAD ENGAGEMENT:

7.1 The lengths of thread engagement shzal]l be normal (N) a5 per
Tabla-3.

B. COATED THREADS:

B.1 For coated threads, the tolerances apply to the parts before
coating if not otherwise stated. After coating, the thread shall
not transgress the maximum material 1imits for position 'H' or
'h' respectivaly.

9. CLASS OF FIT: ' ; 3

9.1 Three classea of fit for metric screw threads, generally
designated as Fine, Medium and Coarse have besn provided for in
the IS0 Metric Seorew Thread System.

The genaral rule for the choice of thread class can be stated as
follows:-

Fine: For.precision threads, when little variation of fit is
requiregd. i

Medium: For génerai dse (Tolerance class 6H/Bgl

Coarse; For cases where manufacturing difficulties can arise s.¢.
when threading hot roiled bars and long blind holes and Lo meet
the requirement of dirty and corrosive condition. ([(Tolerance
class TH/8g), also applicable in case of Product Gradse 'C' bol ts,

screws and nuts)

9.2 IT 15 RECOMMENDED TU USE MEDIUM CLASS FIT i.s. “Tol.GClass BH/Bg
in general, other tolerance class may be used after approval of

appropriate authority at respective divisions.

Where no tolerances are spacified, tolerance class 6H and 8g will
be applicable for nuts/beolt threads respectively.
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CH DIAMETER COMBINATIONS

RECOMMENDED PITCH DIAMETER CONBINE 1N
FITCHES
Fine
Coarse
s la |3tlzlss |1.25 (1 075105 035 |028.02
4 0.25 0.2
L2 025 0.2
1.8 0,35 0.2
2 0.4 0,25
251 0.45 0. 35
3 2.5 Q.35
4 Q.7 0.5
5 0.8 0.5
g 1 Q.75
a 1.25 1 1075
10 L5 .25 |4 }0.75
12 175 L5 1.L325 |1
16 2 1.5 1
20 2.5 215 J
24 3 2 115 1
H| 10 2.5 2 | L5 1
l 36 4 slz |5
42 4.5 4 |al2 45
N 48 g 4 |3 l2 115
56 5.5 4 31z 115
54 g 4 |3 |2 145
72 6 312115
g0 g la4a |la3lzlLs
nea 6.la |3 12
100 6 14 |2l2
110 6 |4 | 312
125 g 1la |3 12
120 614 | 3
160 & la |3
160 6 14 |3
200 6 |2 |3
220 6 12 |3
250 6 la | 3
| 280 ls 12 | ) ] ol o
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Table - 2Z: LENGTHS OF THREAD ENGAGEMENT
Baric Major Dia. f Length of Thread
Engagament (Normsal)
Pitch
Over Upto and P Over Upto and
Including including
0.2 0.5 1.4
0.89 1.4 .25 0.6 1.7
3.3 0.7 2
0.2 0.5 1.5
0.25 2.8 1.2
1.4 2.8 0.95 0.¢ 2.8
0.4 1 3
.45 1.3 J.3
0.5 i g
0.5 1.5 4.5
2.8 5.8 0.8 1.7 5
0.7 2 [/
0.75 2.2 8.7
0.6 Z.5 7.5
a.75 2.4 ; 7.1
1 b J g
5.6 1.2 1.28 4 1z
1.5 5 15
1 3.8 11
1.25 4.5 Ig
11.2 22,4 1.5 5.8 16
1.75 a 18
2 g Z4
2.5 10 Jo
b 4 12
1.5 8.3 19
; 2 8.5 25
22.4 45 b | 2 - 36
3.5 15 45
4 i 53
4.5 21 69
1.5 7.5 22
2 8.5 28
45 80 g 15 45
4 12 548
5 24 e
5.5 28 &85
& a3z a5
2 1= o8
I 18 53
g0 180 4 24 71
, 6 }L 36 106
I | 1 2o \ 60
180 l 300 ! 4 ! 26 80
i : 6 : 40 ] 118
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1.0

1.1
1.2
2.0

ISO SYSTEM OF LIMIYS AND FITS
(BASES OF TOLERANCES, DEVJATIONS AND FITS)

SCOPE

This corporate standard gives the bases of the ISO system of limits and fits together
with the calculated values of the standard tolerances and fundamental deviations,
These values shall be taken as autheritative for the application of the system (see
also clause A 1).

This corporate standard aiso gives terms and definitions together with associated
symbols.

This corporate standard is based on I8 919 (part-1) -1993 (1SO 786-1)
The hole basis system shall only be used in BHEL
FIELD OF APPLICATION

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

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

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

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

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

For the purposes of this Corporate Staxdagd, g simple geometric form consists of a
cylindrical surface area or two paralici planes.

Approved :

Revison : A5 per C1.13.0.8 of 13th MOM of WG INTERPLANT

{(DOP & BES) STANDARDIZATION COMMITTEE - WG (DOP+BES)
Rev No. 1 Amd. No. Reaflirmed Prepared 1ssuecd Dt. of 1st issuc
Dt JULY ‘98 | b, Year: HEPWAR  |CORP.R&D | March 77
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3.0 REFERRED STANDARDS :

4.0

4.1

4.1.1

4.2

4.2.1

4.3

4.3.1

4.3.2

4.3.2.1

4.3.3

Note - See also clause 10.
ISO 1 Standard reference temperature for industrial length measurements.

AA 023 02 06 (ISO 286). ISO system of limits and fits - part 2 : Tables of standard
tolerance grades and limit deviations for holes and shafts.

[SO/R 1938, ISO system of limits and fits - Inspection of plain workpieces"
ISO 8015 1S: 12160 Technical drawings - Fundamental tolerancing principle.
TERMS AND DEFINITIONS

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

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

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

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

bole : A term used, according to convention, to describe an internal feature of a
workpiece, including features which are not cylindrical (see also clause2)

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

For the purposes of the 13O system of limits and fits, a hole the lower deviation of
which is zero.

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

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

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

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

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

limits of size : The two extreme permissible sizes of a feature, between which the
actual size should lie, the limits of size being included.
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4.3.3.1
4.3.3.2
4.4
4.5

4.6

4.6.1
4.6.1.1

4.6.1.2

4.6.2

4.7

maximum limit of size : The greatest permissible size of a feature (see figure 1).
minimum liniit of size ; The smallest permissible size of 2 feature (see figure 1)
limit system : a system of standardized tolerances and deviations.

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

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

M

Zuro Nne (4.5) f-
= gl &4
i 3| 1
j_§ $3 )

-

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

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

Note - Symbols for shafl deviations are lower case letters (es, ei) and symbols for
hole deviations are upper case letters (£S, EI) (see figure 2).

limit deviatious : Upper deviation and lower deviation.

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

lower deviation (ES,es): The algebraic difference between the minimum limit of
size and the corresponding basic size {see figure 2).

fundamental deviation : For the purposes of the 1SO system of limits and fits, that
deviation which defines the position of the tolerance zone, in relation to the zero
line (see figure 2).

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

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

NOTE - The tolerance is an absolute value without sign.
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4,7.1

4.7.2

4.7.3

4.7.4

4.7.5

4.8

—\owar daviation LEI, ¢] [4.6.1.2]

Tolarunca 1one [4.7.31

— Slze
1otgrance (4,71

22 2 R

IES, es)
Zeco line {4.5) i4.8.1.1} a4

-

Dewviations, pm
o
¢

Basic sire 14.3.1)

Figure 2 - Conventional representation of a tolerance zone

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

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

standard tolerance grades : For the purposes of the ISO system of limits and
fits, a group of tolerances (e.g. 1T7), considered as corresponding to the same
level of accuracy for all basic sizes.

tolerance zone : In a graphical representation of tolerances, the zone, contained
between 1wo lines representing the maximum and minimum limits of size, defined
by the magnitude of the tolerance and its position relative to the zero line (see
figure 2). :

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

standard tolerance factor (1,I) : For the purposes of the ISO system of limits and
fits, a factor which is a function of the basic size, and which is used as a basis for
the determination of the standard tolerances of the system.

Notes

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

2 The standard talerance factor [ is applied to basic sizes greater than 500 mm.

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).
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4.8.1

4.8.2

4.9

4.9,1

// —*._ cn.l.m,‘. wa
f :

Figure 3 - Clearance

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

figure 4).

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

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

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

1 N

2 g T

)

Mismum claarance 14.8. 1

Maxmum clesrance (4.8.2]

Figure 4 - Clearance fit
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Mankruym
e clentgnce

14.8.21

sy,

"

7

- i
. N\NEE »W

Mashnurp
L—  Interterancy ——

11.9.2)

_Figure 5 - Transition fit

, = Interference (4.9)

Figure 6 - Interference

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

4,10  fit : The relationship resulting from the difference, before assembly, between the
sizes of the two features (the hole and the shaft) which are to be assembled.

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

7777 | 1|

.

Figure 7 - Interference fit

4.10.1 clearance fit : A fit that always provides a clearance between the hole and shaft
when assembled, i.¢., 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).

Hole Hoio

XN\

Zeto fine

Shah

Shan
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, in the extreme case, equal to the minimum size of the shaft (see figure 9 ).

Shait

N e

Hote Moln

- Figure 9 - Schematic represeatation 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 actuaf sizes of the hole and

shafl, i.c. the tolerance zones of the hole and the shaft overlap completely or in
part (see figure 10). ‘ : ;
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4.10.4

4.11
4.11.1

4.11.2

NOTES

Shant

Shat

Shal

Figure 10 - Schematic representation of transition fits
variation of a fit : The arithmetic sum of the tolerances of the two features
comprising the fit.
Note - The variation of a fit is an absolute value without sign.

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

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).

ANSNNNAN <

Shalt “*h**

ZIZRZ1ZVZ 717}

‘— Bawc sizeid.3.1)

Figure 11 - Shaft-basis system of fits

1. The horizontal continuous line 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 G7/
h4, H6/h4, M5/h4).

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

4.12

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

e Y
4//2‘ \//} f{é

] K i

ST A

“ — Dawcuirw it ] 1)

Figure 12 - Hole-basis system of fits ‘

I The horizontal continuous lines 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/jsS, HE/p4) :

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

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

- the minimum (lower) fimit of size for an internal feature (hole).

NOTE - Previously called “GO limit”.

4.13

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

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

- the maximum (upper) limit of size for an internal feature (hole),

Note- Previously called “NOT GO limit™.
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5.0

5.1
5.1.1

SYMBOLS, DESIGNATION AND INTERPRETATION OF TOLERANCES,
DEVIATIONS AND FITS,

Symbols
Standard tolerance grades

The standard tolerance grades are designated by the letters IT followed by a
number, e.g. [T7. When the tolerance grade,is associated with.(a) letter(s)

~ representing a fundamental deviation to form a tolerance class, the letters IT are

5.1.2
S.1.2.1

5.1.2.2

5.1.2.3

5.2
5.2.1

omitted. e.g. h7.

NOTE - The ISO system provides for a total of 20 standard tolerance grades of
which grades IT 1 to IT 18 are in general use and are given in the main body of the.
standard. Grades IT 0 and ITO1, which are not in general use, are given in anriex A
for information purposes. ;

Deviations
Position of tolerance zone

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

NOTE - To avoid confusion, the following letters are not used :
Li; L,;; O,0; Q,q: W,w.
Upper deviations

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

Lower deviations

The lower deviations are designated by the letters “E1” for holes and the letters
“el” ghafis.

Designation
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:

5.2.2

H7 (holesy
h7 (Shafts)

Toleranced size

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

32H7
80js 15
100g6

-0.012

100

-0.034

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

- Horh holes;
- S or s for shafts. :

Examples

5.2.3

S0H5 becomes H50 HS or h50h5
50h6 becomes S50H6 or s50h6
This method of designation shall not be used on drawings.

Fit
A fit requirement between mating features shail be designated by
a) the common basic size;

b} the tolerance class symbol for the hole;
¢) the tolerance class symbol for the shaft.

Examples :

S2H7/g6 or 52 -----
: 86
ATTENTION - In order to distinguish between the hole and the shaft when

transmitting information on equipment with limited character sets, such as telex,
the designation shall be prefixed by the following letters :

- Horh for holes ;
- S or s for shafts;
- and the basic size repeated

Examples :

5.3
5.3.1

>2H7/g6 becomes HS2H7/S52G6 or h52h7/s52g6
This method of designation shall not be used on drawings.

Interpretation of a toleranced size
Tolerance indication in accordance with 1S0O 80 15

The tolerances for workpieces manufactured to drawings marked with the notation,
Tolerancing I1SO 80 15, shall be interpreted as indicated in 5.3.1.1 and 5.3.1.2
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1. According to convention, the fundamental deviation is the onc defining the nearest limit 10 the zero line.
2. For dciails concerning fundamental deviations [or J/j, K/k, M/m and N/n, scc ligurc 14.

Figure 13 - Schematic representation of the position of fundamental deviations
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5.3.2

a)

b)
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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 f’f Qa_ralial
surfaces). There is no control of the geometrical interrelationship of individual
features by the size tolerances. (For further information, see 1SO/R 1938 and

1SO 8015.
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 which requires that the envelope of perfect form for
the feature at maximum material size shail not be violated. (For further information,
see ISO/R 1938 and 1SO 8015))

NOTE-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.

Tolerance indication not in accordance with 1SO 8015

The tolerances for workpieces manufactured to drawings which de not have the
notation, Tolerancing [SO 8015, shall be interpreted in the following ways within
the stipulated length.

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 size. The maximum diameter
at any position in the hole shall not exceed the least material limit of size.

For shaflts

The diameter of the smallest perfect imaginary cylinder, which can be
circumscribed about the shafl so that it just contacts the highest points of the
surface, should not be larger than the maximum material limit of size. The
minimum diameter at any position on the shaft shall be not less than the least
material limit of size.

The interpretations given in a) and b) mean that if a workpiece is everywhere at
1ts maximum material limit, that workpiece 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 information, see ISO/R 1938.

NOTE - !n special cases. the maximum form deviations permitted by the
inlerpretations given ina) and b) may be too large to allow satisfactory functioning
of the assembled parts : in such cases. separate tolerances should be given lor the
form, e.p. separate tolerances on circularity and/ or straightness (see’AA 023 04 15)
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Graphicsil representation
The major terms and definitions given in clause 4 are illustrated in figure 15,

In practice, & schematic diagram such as that shown in figure 16 is unfd for
simplicity. In this diagram, the axis of the workpiecs, 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.

Upper devigtlon [4.6.1.1}) ——

.7

I-— Lowser deviation 14.6.1.2) ——

Holg (4.2)

7

2

EXMNNNINIRNY 1 4

7

—— Minimum limil of sire 14.3.3.2}

Sire 1040

Sire tolerance 14.7)

Shafc {4.11

————— Moximum limrut ol size 14.3.3 1) —————d
Basic size (4.3.1)

Figure 15 - Graphinal representation

+ Hole
§ AP,
o
i TR
Shah

Figure 16 - Simplified schematic diagram
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7.0 REFERENCE TEMPERATURE
The temperature at which the dimensions of the ISO system of limits and fits are
specified is 20° C ( see ISO 1)
8.0 STANDARD TOLERANCES FOR BASIC SIZES UP TO 3 150 mm
8.1 Basis of the system
The bases for celculating the standard tolerances are given in annex A.
8.2 Values of standard tolerance grades (1T)
Values of standard tolerance grades ITI to IT 18 inclusive are given in table 1
These values are to be taken as authoritatjve for the application of the system.
NOTE - Values for standard tolerance grades ITO and 1T 01 are given in annex A.
9.0 FUNDAMENTAL DEVIATIONS FOR BASIC SIZES UP TO 3 150 mm
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 fundamepial 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,

- Devialions a to j) Devintions k to z¢
DN |
N
zero ling ef es
€3 I
e \\\‘& —
i S\\‘\\\X
el = nagative (-) fupdy ef = positive (+) funds
menjal deviation mentaf deviation
er=ei-|T es=ef + 1T

Figure 17 - Deviations for shafts

bl e i
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9.2 Fundamental deviations for holes {except deviation JS (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 (El) are established from the
fundamental deviation and the standard tolerance grade (IT) as shown in figure 18,

Deviations A to H
: Deviations K to ZC (not valid for tolerance grades
. tess than or equal 1o IT8 of deviation K and
,/// " . tolerance class MB)
El £s Zero lina
b
£s}
£l // 7
ik
EI = posilive (+) funds. menial ET = negative (-) funds. mental
deviation deviation
ES=El + IT ES=EI -TT

Figure 18 - Deviations for holes

9.3 and'nmental deviations js and JS (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 :

es=ei = ——
2

and for JS ; IT
[ es ’-N'i‘ ES

ES =El = e z{,‘,,,.,,.v \\\\\\\ K// v_
IEERN\HZZ a8

Shalt Hole
: IT
ERZ

—

Figure 19- Deviations js and JS
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9.4 Fundamental deviations j and J

s not apply to fundamental deviations j and

most part, asymmetrical distributions of the standard tolerance

grade about the zero line (see AA 023 02 06 tables 8 and 24).

Table 1 - Numerical values of standard telerance grades IT for basic sizes up to 3 150 mm

Basic size Standard tolerance grades
mm iriofirzo| vy s me | ro| ma| mol miof mu | m2| ms | me|ms]me mp] me
| Above[ Uplo Tolerances
and in-
cluding wm mm
3 o los |12] 21 3| a| 6] 10| 18] 25| 4] e o1 |oiajo2sjoajos 1 | 14
3 ol 1 [1slas!| al s| sl 2] 18] 3| 48| 75}012]018[ 03 Joas} 075] 12] 18
6 wl 11isl2s| af 6f o] 5] 2| 36| s8] oo [o15|022] 0367058} 09 | 15| 22
10 wliz| 2| 3| st 8| ul ] 22| s3] ™| vojoisjoz7ioasjor |11 | 187 27
18 15 125 4] 6| o) 13| 21| 3| 2| 84| 130 {021 [033]| 052| 084§ 13 } 21| 33
£ 15 l2s] 4| 71u ] 16| 5| »| | wo| 160 o25]039|062)t | 16| 25| 39
21 3| sl sl13} 19] 30| 4| 74| 120] 190 |03 |o046} 07|12 | 19 |3 | 46
wl| 120125 al e|1wfis| z| 35| s4| 87| 10| 220 {035 | 054 087]14 | 22 | 35| 54
20| 1sol3s ] s| sli2|8| 25| 4| ] 100] 160] 250 fo4 [063|1 |16 ]| 25{4 | 63
10| 250 |as | 70 0] 1| 20| 2| 6| 72| ns| 185| 200 {046 | 072 | 115}185] 29 | 46| 72
a0l ms| el 8| 12] 16| 2| 32| s2| s 120] 210] 320 052|081 |13 21 | 32| 52| &I
qis| ao!| 7| ol 13] 18325 | 361 57| ®) 140] 30| 360 |os7 |09} 14 {2336 ]| 57] 89
a0| sol s8|wlis|2|zr| 20| 63| 97) 155| 250] 400 063|097 155)25 [ 4 | 63 97
soo| coom| 9| nl 16| 23] 4| o] no| 175} 28| a0 foz |1t 17528 ) 44 17 (0
60! s | 0] 13] 18 36| %] | 25| 200] 320 50008 j525{2 {32{5 {8 {125
800 {10002 | 1 | 15} 21! 28140 | s6| 90| 140] 230| 60| 560 |09 |14 §23 |36 |56 |9 |14
1000 [ 12500 | 13 | 18] 24| 33|47} & | 105 | 165) 260| 420| 650 105§ 165] 26 }a2 | 66 |105 | 165
1250 [ 16002 | 15 | 21 39{ss | 7 |125 | 195| 310] s00| 70 [125{195]31 |5 | 78 j125 195
1600 | 20000 | 18 [ 25| 351 6] 65 | 92 [ 150 | 20} 30f e0f 2015 |23 |32 6 o2lis Im
2000 | 2500° 304t {-ss {784 1o {175 | 200} 440] 700|110 f175 128 |44 |7 |00 |175] 8
2500 | 31500 | 26 [36] 50 [ | %6 [135 | 210-| 330| se01-se0 {1350 {20~ 33 [sa{es [125 |21 12
1) Vatucs for standard toferance grades IT01 and ITO for basic sizes less than or equal 1o 500 mm are given in annex A, table 5.
2) Values for stndard toleranee grades IT1 1o TS (incl.) for basic sizes over 500 mm are inchided for experimentl usc,
3} Standard tolerunce grades [T14 1o IT18 (incl.) shall not be used for basic sizes kess than or oqual to | mm.
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Table 2 - Numerical values of the fundame:

Basic size " Fundamental deviation values
G Upper deviation es
ot ;I'IS t; All standard tolerance grades H?r?d o7 s ?}:
cluding] o bt ¢ o 4 ¢ of f fg z h is! 1
- ¥l om0 | &0 | 2 a0 [ a4 | G0 4 ~ < 0 -2 4 S 0
3 6 By 1 -140 -70 46 A =20 14 =10 < -~ a 2 - 3]
& 10 -5 -150 80 55 -0 -2 -18 -13 £ 5 =2 -5 ~]
10 4 =X -150 95 =50 -32 -l& & 0 -3 4 -}
i 18
18 4 ~X0 160 110 45 - <0 g 0 - § =5
U 0
X 4 =310 -7 120 80 30 =25 ) [t} -5 10 =2
40 EH 330 | <80 130
X &5 o} -1%0 140 =100 “0 -3 -10 Q -7 -2 e
&5 L4l 0 -0 -150
0 100 =180 20 -170 -120 T2 6 A2 ( E £ -8 ~3
100 20 [ o | 20 -8 E
£y 130 | &0 | 280 | -0 ;
140 150 20 =30 =210 145 55 =43 -4 & .E Bl -8 +3
160 1K <580 <30 -0 :u
1% | 20 | € | -0 | 20 S
x | =5 | a0 | 20 |20 am | - 50 a3 R B I R .
s 30 | & | 2 | -mo é
CAEAEIERE A0 | i 56 I R e S P -4
% [ w5 [ase | -sw | ‘ =i
R e BTN IR 2 18 Al SFe i -4
s [ o | amm | w0 | <o 2
w0 | o [as0 | w0 | < 20 | -1 & 20 A o -5
450 s | ssn | s | s
500 360 U I P 36 = o 0
540 £3C
630 T -0 -6 80 -24 0 0
T | g0
L) K0 =50 -i70 86 26 0 ({
o} 10N
1000 | 1120 350 | 198 o5 bel: 0 a
{1128 | 1250
; 1250 100 -3 =220 =110 30 0 i}
140 1620
1 &) [ 8OO <430 2K -120 -2 .0 &
1 800 2000
200! 2340 440 360 - 30 -3 0 ]
2240 2500
2500 2800 5% -0 -143 38 0 4
i 2800 3150
|
1) Fundamental deviations & and b shall not be used for basic sizes less than or equal to | mm,
2) For tolenrace classes js 7 to js11. if the IT value number, n. 1s an odd number, this mas be rounded to the even number immediate

[Ta

so that the resulting deviations ie, = a0 be expressed in whole micrometres.
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1al deviations of shalts 1 e o
101 f'sha Fundamental deviation values in micrometres

Loaver deviations et

hfé?;r; All sandardwolerance grades
aneve IT7)
k m n o g s 1 u v X ¥ z z b =
o] -2 -4 -6 +10 ~14 - 18 =20 236 S +40 ~&1
: |

0 -4 -8 =12 +15 ~-19 - 33 ~28 =35 ~42 - 50 -80
o +6 1y -15 +19 -aa -28 ~34 e B0 +67 -7
o =7 =13 =18 23 =25 ~33 | ~40 ~50 -6 +80 =13
+39 +45 +60 =771 +108 -1%
0 3 -1t3 -] 28 +35 -4 +47 -5 =€ +73 =881 -138 - 183
~4] ~-48 +43 ~64 ~751 -~8§8 -118 | +160 =218
] -9 =17 =28 + 24 =33 - 48 =60 +68 +B0 =94 -2 | -138 | 200 27
- 54 ~10 +31 97 | 14| ~j36 ~1R0 | -242 =33
4 =1} =20 -3 ~4] =83 =6 - 87 A2 | =22 14| +17 -2% | -3m 35
443 =59 =78 - 102 4120 { ~146 ~17¢ | =210 =274 b 36D ~ 4%
(4 R - =a7 +31 - - 91 =124 14 | -17 -2 =258 -335 | ~445 - 538

- 54 =12 | =l -1 HIT2 210 | -ZK| <310 | -d00 ] 825
63 e M R e ] w202 | -248 =30 ~365 =470 | =620
1 =15 ~£7 w43 +65F -l | 4 =190 =228 | -280 | ~330 ] ~413 *535 | +700

+68 L -l | - | - 210 ~282 | -0 | =280} -4 RRSLER I 4G
*TF) -122 | 16| 236 [ a2ms Fe3s0 [ 42| 52T <570 ~#80 | <1:is0
¢ o =1 -50 +B0| -13) ] ~-180 -~ 258 130 | -283 -anl | -A78 ~FHIF 2960 | ~124%0

BRI R - 234 T | 428 53| -s40 =80 |~-103%0 | -1350
n L -3 ~56 Q4 ~13R [ -208 =315 +388 | -475 ~380p 71D 9201 +]1200 | -1550
«08 ) M -2 -39 #4380 { =538 sobr| <70 (=100 [-1300 | ~1700

G ~Zi - 57 =€ | AlUs | -5 [ - 28R ~ 300 475 | -390 ST -3 | 1080 1 -1500 - R
pe 0 ) | 438 3K =660 | 8301000 fe1300 [ ~1650 |- 230
G +23 =4 -OR | 4126 | 2R3 L334 -390 +595 [ -0 | =901 |- LIOG |=1250 (<1850 |~

+132| =82 | =3 - 54 =660 | <820 |00 =] 280 | -1 620 [-2 100 | ~2600

0 ~28 =44 TR =180 | -DE | -4 -6
185 =30 -35 | -
0 “3ir | -0 -8Y {+175 | A4 [ -S| -T740
-185 | ~381 | -84 - 820
0 “3 ] 485 | =l [ 220 | —4M | =63y | 2540

=220 ~4T ] -8k | ~1150

o =3 | =66 | -2 | <3500 -5k - P -11%0
+260 | =580 ) -3 | -1 300
0 =33 =T8Sl -3 | —gn | 940 | -y 450

“AN ] TN |-1050 ) - ) e
o =58 1 =92 0 -17¢ 45T w2 - 130 | -7 850
+400 | =920 |~t39 ] -200

¢ =€8 |- | =095 | 4440 <1000 |+ 800 | = 2300

+460 [-1100 [=~1 6501 -2500
0 =7 1 -138 | =230 | +sscl-1250 (-1 | aze00
+380 | =140 12140 | ~3200

below,




STANDARD

“the fundamental deviations of holes

Fundamental deviation values in micromstres

(=1
Upper deviation £5 Values far a
WS | Above LM Abve [L’pmm‘ p Standard tolerance
| w8 {gay | ®3 | e Standard toleranse grades above [T7 grades
. " B R e sl vl lalz [z @ m|m|m o
S <] s a0 |t -5 5 | m | w|O[3fOFO]OE
va 2 5-al g A IS e 5 -3 35| o] b w1 QLI) L AGA] 8
Fay ) Jds | -} .1 .28 v | s el om v {rEp 2] 2|8 %
’ ] O s 0| a0
a | -4 3 wiznl x5 5 s B £ P lalsi{3jr)?
| : % il ) B I T T
i T I s - nl =8 ax] I8
2 -8 1S=a| ¢ o x -3 15|23 418}2
| DETH e (e R T B e
I i = K| @] @] -0 -] 2] -8} 2| LM
A = P-4 U : 3 5 |9 |4
J o 500 RS I =7 oy e e 1) e 1 B G 3 T I el
i - 53 5 4 = el B W A -
S st & I S S I D T O B O w1 A e I (" BV
| R S A T T s e o
i 81 e T T el as] .
I T . T T D I S . T A I T L
| R T e e e ] e el
| S| ot inf -r| x| 28] -oxal S| -0 D) S0
pill i = dereafE 5 o[ e § ] m| -lal sf -xo] U -as] -S| 0] %0 3fafe ) B2
l 9 =] sl sl om0] 0] o] -xo) e8] -en| -90)-10
w B T anl aw| ome| s -30| -S| -s0] -ei0) S8 -VIR
4 ot e | 3 o 1 n| w| aw| | -ms| | msf ) xo]-12) 3 )4 slon]|®
3 ™| am| o] | ou] o8| 9] -e0] oo -100] 159
{ B B T L wel x| oms| -me] 7o 901200 150
[ea]l 0 b= | o e Ly ! Scoct PR T I I O
= % | 0] o awl oo o= e} omup-joM|-130] 150
‘ 3 S W= | ] xel on| .zs| oso| omo| mf-L1s0f-180) - j90
N s s B = g o (5 0
| = R om| o] 88| o) .| -R|-0e|- 130 185} 2100
2 s o] ol o] o ] - a0 15| 2
ot sl _g - TR e e s a0 -1 -1 S P PR I TR e
| | 5 T | 2wl 0| s -we| 0| 0] 125 <163 ]-200) 2600
Pl 3 0| W] | e
=8 ‘ -8 g ®
i o EECTS:d o) e
s : AL P 0 I o) || R o]
A X =
= 5 ® 08| om| -0 =0
o % § v oo | oo -e0] s
o 5 W0 | -a0| e -10R0
: 7 B S N
“5 £ S
3 -2 ;0| A0| 10
.\ = -X¢ 0| xg| 148
5 T8 2 L
ok IS B B
g | -eof.iom] 180
-5 .63 AN
= | oem| 13 2
% <) | joe |10l 230
=y T 3 —
: R T B
= & 50 | 3290 190 -290
; T = }_\w ] - 10| 3
3) {concl) Examples :
<distely belaw K7 intherange 18 (0 30 mm: 4 = § . therefore ES == 2 = B=26um
$6 in the range 18 t0 30mm : 4 =4t therefore ES == 35 + 4 =-31 ym

cranve grades

Special cases for iolerance class M6 in the range from

Fundamental deviation N for standard iolerance grades above

I mm.

250 to 313 mm.

ES = - pum (ipatead of -1 pm)
[T8 shall riot be used for basic sizcs less haa o equal to
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Table 3 - Numerical values ¢!
Fundamental Zevtation valy
Basie size Lower deviarion £/
e s - LptalTS| Aboe [Tn
e All standard tolersnce grades e | o e o | ms | ow
:nd :
Above [peud-| o | B} ¢ | D|p| | @t Fim|a|x]w 1 R i
iR 1 : 1
&0 et ! T A e e e T 2 A { IS ] 3 -1 E - 12 l S
3 ” Ty | % -2f 2] -14] -10] -8 1] o w5 | 58 § @ i -1-sl 2
3 o) -5 caf -] ~af-zs] | -] -8l -3 o0 -z sl o (l-a -
7 i T
:IJ 2 -0 | g =93 501 =52 -6 =& 10 ~6 -1 <15 |t
ol I8 |
S 3 5
= Bl R ] I o8| - w - -1] T (S T QO 3__1} | .2
) EH £ |
y T e o b N
) n] [-i9 T e " 5 |5 S T M |-l-a l
Y 3 [ o -] -ix !
; BN CH TEY FRY) : I
- -l e : S -8 <3 109 =i | =8 | exm |2-0 -
& MRS L
P N B RE . i3 a g : !
LB L [ ey % =i | s | e b oy ia3ea :
L1 1| -] - s1e H : ‘
13 IFTHRRE L ] i 3}
Y Wl | = e ~188 | xS ] ok EY =i ] =2 | e |oeas e
K0 w | ) -3 - 5
1N Y| e -3n| -0 ?
30 ) ERE N TS T =10 |10 %) Is] 0 = n - X g Vo ks
] 0| TS| -am| -0 2
= o -2V e - 0 é o 4 3
. X -7 s LE - 55 et %
% s TR~ o e[ 1 e I e 5 3
Y
K1k} G 1| ey el =
: Ehatul B T e | (ol [ R R T
T an |10 ] Ak : 1 s 0 ¢
EYH & 180 -l a4 | .
_ - 118 A o~ U] +1 -0 g §Ka )
ey PR FETEp e e 20|~ 138 N pei ] &% |
A & -0 {148 -6 ] [ - 0
W& E |
wu | B
-0 |- 4 -5 a0 o2 J
| | & “U =
%0 Tn
Al P B O p 0 2
0 = M- R -3
T
= -39 -1 5 w0 9
ERT e A EhA % ®
1% | 1an i
‘ : [ 110 x| o
1=8 | 140 ;
5 .
150 | isn —af-20 e 3 ) 0
IR0 g ]
by 5
=G 224 - - =13 ES.CH B a
s} ¥n
a0 2
2 wex |0 - s ol b }
Jan A0
1) Fundamental deviziions 4 and B shall not be Lsed for basic sizes ess than or equal 10 1 mm.
2) Fortolerance classes IST 1o JSIL, if the IT value nwmber. 0. is an odd number, this may be rounded 1o the sven aumber mumi
3 e : ‘ o
so thal the resulting, deviauens. ie, = can be expressed in whole micrometres,
; o
3) For detemmining the values K. Moamd N for sLandaed toletance wrades up 16 1T8 (<.} and dexiations P to ZC for standard to-

up (o IT7 (incl.) uhethe  values from the columns on the opht
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10.0 BIBLIOGRAPHY

The following Standards on lo\ernncmg and tolerance systems will be useful with
regard to the application of this part of ISO 286 :

AA 0423103 (ISO 406) Technical drawings - Linear and angular to!crunces -
Indications on drawings.

AA 023 04 15 (ISO 1101) Technical drawings - Geometrical tolerancing-
Tolerancing of form, orientation, location and run out- Generalities, definitions,
symbols, indications on drawings.

ISO 1829, Selection of tolerance zones for general purposes.

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

AA023 04 16 {150 2692) Technical drawings - Geometrical tolerancing Maximum
material principle.

AA 023 02 08 (150 2768-1) General tolerances for dimensions without tolerance
indications - part 1 : Tolerances for linear and angular dimensions.?

150 5166, System of cone fits for cones from C = 1:3 to 1 ; 500 lengths from 6 to
630 mm and diameters up to 500 mm,

1) Al presenl at the stage of drafl. (Revision. in part of 150 2768 : 1973.)
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Annex A

Bases of the 1SO System of limits and fits

Al General

This annex gives the bases of the 1SO system of limits and fits. The data are given
primarily so that vajues can be calculated for fundamental deviations, which may
be required in very special circumstances 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 AA 023 02 06 standard tolerances and fundamental deviations, are definitive,
and shall be used when applying the system.

A2 Basic size steps

For convenience, the standard tolerances and fundamental deviations are not
calculated individually for each separate basic size, but for steps of the basic size
as given in table 4. These steps are grouped into main steps and intermediate steps.
The intermediate steps are oaly used in certain cases for calculating standard
tolerances and fundamental deviations a to ¢ 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 sifes (D,
and D,) of that step as follows :

D- VD, xD,

For the first basic size step (less than or equal 1o 3 mm ) the geometrical mean, 12
according to convention, is taken between the sizes 1 and 3 mm, therctore
D- 1,732 mm,
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Table 4 - Basic size steps

u) Basic sizes up lo SU0 mm (incl.) Values in millimetres
Mezin 5"’5 3 lmcrmedmlcusl?gsn:ld b) Basic sizes above 500 mm up 10 3 150 mm (incl.)
Abave in‘t’:l'fl)d?:g Above in?:]uding - 5
- Main stcps Intcrmodmlcusl?;smd
3 2 Mo sbdivision Above | [plodne | Above | iRl
(4] 10 500 630 500 560
10 18 10 14 560 630
i 18 630 800 630 710
18 30 18 24 710 800
21 30 800 I 000 800 900
= o 38 ;g— 900 1.000
50 80 50 65 i 000 I 250 ! 000 1120
65 80 1 120 1250
80 120 20 100 1250 1 600 1250 1 400
100 120 1 400 1 600
120 140 1 600 2000 | 600 1 800
120 180 140 160 | 800 2 000
160 130 7000 2 500 2 000 2240
Y <00 2 240 2500
-] -t 200 E 2 500 3150 2 500 2 800
- - 2800 { 3150
250 315 250 280
280 315
315 400 315 355
355 400
400 500 400 450
450 500
A3 Standard tolerance grades

A.3.1 General

150 system of limits and fits provides for 20 standard tolerance grades designated ITOI ,
ITO, ITi ...... [T 18 in the size range from 0 up to 500 mm (incl.) and 18 standard
tolerance grades in the size range from $00 mm up to 3 150 mm (incl,) designated IT| to

IT 18,

As stated in the “Foreword” the 1SO system is derived from ISA Bulletin 25, which only
covered basic sizes up to 500 mm, and was mainly based on practical experience in industry.
The system was not developed from a coherent mathematica] base, and hence there are
discontinuity in the system and differing formulae for the deviation of IT grades up to 500

mam.

The values for standard tolerances for basic sizes from 500 mm upto 3 150 mm (inchy
were subsequantly 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 ITOI are not
given in the main body of the standard beécause they have little use in practice; however,

values for these are given in table 5.

n These are used iy cernin coses tor deviations atocundrze or Ate Cand R 10 ZC (sec tables 2 and 3)
2) These are used Jor the deviations r to u and R 1o (] fsee tables 2ad )y
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Table 5 - Numerical values for standard tolerances in grades IT 01 and IT 0

Standard tolernace grades
Basic size
mm ot o
Above Up to and including Tolerances pum

- 3 03 0.5

3 6 0.4 0.6

6 10 0.4 0.6

10 18 0.5 0.8

18 30 0.6 i

30 50 0.6 1

50 80 0.8 1.2

80 120 1 13

120 180 1.2 2
180 250 2 3 -

250 315 2.5 4

315 400 3 5

400 500 4 6

A3.2 Derivation of standard tolerances (IT) for basic sizes up to and including 500

mm

A.3.2.1 Standard tolerance grades 1TOI to 1T4

The values of standard telerances in grades ITO1, ITO and IT1 are calculated from
the formulae given in table 6. 1t 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 IT 1 and

1T5.

Table 6 - Formulae for standard tolerances in grades ITO01, I'TO and IT1 for basic sizes
up to and including 500 mm

Values in micrometres

Standard tolerance grade

Formula for calculation
where £ is geometric mean of the
basic size in millimetres

[ TOL» 0.3 +0.008/)
1 TOY 0.5+0.0i2D
ITI1 0.8+ 0.020D
1) Scc the "Forc\x'ord"ﬁnd A.B.l h £ rd':_ )
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A.3.2.2 Standard tolerance grades IT 5 to IT 18

The values for standard tolerances in grades IT5 to 1T 18 for basic sizes UP to and
including 560 mm are determined as a function of the standard tolerance factor, /.

The standard tolerance factor, J, in micrometres, is calculated from the following
formula ; :

i=1045 3\jD +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 manufacturing process, the relationship
between the magnitude of the manufacturing errors and the basic size approximates
a parabolic function.

The values of the standard tolerances are cazlculated 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 multiplied
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 IT 18.

Lxample :

IT20=1T 15 x 10 = 640i x 10 = 6 400 i

Note - The above rule applies except for IT6 in the basic size rauge from 3 to 6mm (incl.)

Table 7 - Formulae for standard tolerances in grades IT1 to ITI8

Basic size Standard tolerance grades
i oy reofinse irel s [ rie [ oz ] s | oo | nea] ene] il res ] ma Lins Liss Jrre7 | rris
Above| Upto
“]"‘“lu o Formulac for standard to Icrances (Results in micrometres)
Clig 'Ig
XX - - - b 164 0 25 | 40i} 640 | 100/ | 60| 2504 4007 {6407 [10007 {16001 | 25007

[ 5x) 3isn A N2ANIT SEL | wod g aer | oast | Al o fotoor| deor | 2sor| aoar | ednr TOOO |1 60| 25007

1} See A321
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A.3.3 Derivation of standard tolerances (1T) for basic sizes from 500 mm up to and

including 3 150 mm

The values for standard tolerances in grades IT 1 to IT 18 are determined a8 &
function of the standard tolerance factor, /.

Standard tolerance factor, /, 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
A2)

The values of the standard tolerances are calculated in terms of the standard
tolerance factor, /, as shown in table 7.

1t should be noted that from 1T 6 upwards, the standard tolerances are multiplied
by a factor of 10 at each fifth step. This rule applies to all standard tolerances and
may be used to extrapolate values for 1T grades above IT 18.

Examples :

IT20=1T15x 10 =640/ x 10=6 4001

NOTES

A.3.4

1. The formulae for standard tolerance in grades IT1 to ITS are given on a
provisional basis only. (These did not appear in 1SO/R 286 : 1962)

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

Rounding of values for standard tolerances

For each basic size step, the values obtained from the formulae given in A3.2 and
A.3.3 for standard toierances in grades up to and including IT 11, are rounded off
in accordance with the rules given in table 8. °

The calculated values of standard tolerances in grades above IT 11 do not require
rounding off because they are derived from values of tolerance grade IT7to IT 11,
which have already been rounded off,
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Table 8 - Rounding for IT values up to and including standard tolerance grade IT 11

Rounding values in micrometres

E Basic size
Calculaled values obtained lrom the formulae Above 500 mm up 10 3
givenin A3.2and A.3.3 Up to 500 mum (incl.) 150 mm (inch)
Above. Up to and including Rounding in multiples 'of
o - ] 60 1 1
60 100 . 1 2
100 200 5 S
200 500 10 10
500 1 000 - 20
1 000 2 000 - 50
2000 5 000 - 100
5 000 10 000 - 200
10 000 20 000 - 500
20 000 50 000 - 1 000

NOTES

A4
Ad.l

A.4.2

For the small values in particular, it has sometimes been necessary 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 and 5. as appropriate, shall be used in preference to calculated values when
applying the ISO system.

Values for standard toelrances in grades IT 1 to IT18 are given in table 1 and for ITO and
ITO! intable 5.

Derivation of flundamental deviations
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 limits closest to the zero line 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
value of the deviation is independent of the selected grade of tolerance (even if the formula
includes a term involving ITn).

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
syminetrical in relatiop to the zero line, 1o the limi corresponding to the fundamental deviation
lor a shall with the same letter,
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This rule applies to all fundamental deviations except for the following,

a) deviation N, for standard tolerance grades 1T9 to IT 16 in basic sizes above 3 mm up to
500 mm (incl) for which the fundamental deviation is zero :

b) shaft of hole basis fits, for basic sizes abave 3 up to 500 mm (incl.) in which a hole of a
given standard tolerance grade is 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 4 as follows :

ES = ES (as calculated ) + 4

where 4is the difference 1Tn - IT(n - |) between the standard tolerance, for the basic size
step in the given grade, and that in the next finer grade.

Lxample:
For P7 in the basic size range from 18 1030 mm :
4 =IT7-1T6=21-13=8 um

NOTE - The rule given in b) above is only applicable 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 IT 7.

ITin-1)

1 Hole-basis It

N

Shntt.basis 1N

—— (ei)+ IT{n-N)=(ES}+ (Th
\r——-(E”- lTn:(E’SJ-fT(nn‘H

ef
{Tn
N
NN
IT(n-1)

\ A r
3

),
5

-
E

RS

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 Jimits 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 T and IS, for which, strictly speaking, there is no fundamental deviation,
the value of the deviation is independent of the selected grade of tolerance (even if the
formula includes a term involving IT 1)

A.4.3 Rounding of values for fundamental deviations

For each basic 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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Tuble 9 - Formulze for fundamental deviations for shafts and holes

Basic size nun Shalis Formulac" where D Holes — Basic size mm
Fundo- o i : s i ‘UL Upto und
Above | Up (o and | menial (,,c;'ﬂ“r Designa- ,:fe;f,:coﬁﬁ:' f;;r;]cc fuf;i (nc;::l.gil;tc or | mental | Apove inr::l\::ﬁng
eciuding d‘;;f " | positive) = sizc in mellimetres positive) dcﬁ_::}
1 120 a - es 265 + 1.3D El + A 1 120
120 500 3.5D 120 500
1 160 b - es e 140 + 0.85D Ef + B 1 160
160 500 = |.BD 160 500
0 40 c - es 52002 Lt + G 0 40
40 500 95 + 0.8D 40 500
AN Geomelric mean
Y 10 cd - ey of*the values for | f7 + CcD 0 10
CcandD.d
0 3 150 d - es 16704 il D 0 ] 3150
1] 3 150 [] - s 17250 12 B 0 3 150
Geometric mean
0 1o cf - es of the values for El + EF 0 1%
E.candF.T
8] 3 150 [ - ey 3.51) % i + E 0 3150
Geomelric mean
0 10 fg - es of the values for | £y + FG 0 10
FlandG.g
0 3 150 4 - es 2.5 o El + G 0 3 150
0 3 150 h | Nosign es Deviation = 0 £/ | Nosign H 0 3 150
0 500 i = No formula? El + J 0 500
0 3 150 js + es 0.51Tn 45 + IS 1] 3150
- el B —
0 500" k + | ei 0.6 3\'D ES - K# 0 5009
500 3150 No sign Deviation = 0 No sign 500 3150
0 51} o + ei I'T7-1T6 25y - MP 1] 500
500 3 150 Q024D + 126 : 500 . 3150
Q0 500 n + ei Sk e VOAY - NY 0 500
500 3 150 QO + 2 500 3150
Q0 500 p + ci IT7+01105 £S - Py 0 500
500 3 150 0.072D + 378 500 3 150
CGeomelric mean
0 13150 r + ei of the valucs for LS - R 0 3150
PpandS.s
0 50 s + ef IT8 + 1104 S - B ] 50
50 3 150 174040 ] 50| 3150
24 3150 { + ei IT7 +0.63D £y ~ > 24 3150
0 3 150 u #* e IT7+0) ES - Ut 0 3150
14 500 v + ef IT7+1.25D s - vh 14 500
0 500 X + ed IT7+ 1,60 iy - X 0 500
18 500 ¥ + e IT7+2pD LS - Y 18 S00 |
0 500 7 %+ 4 IT7 +2.5D [y - Z" 0 500
0 s500 P + ei IT8 + 3.15D 8 - ZA" 0 500
] 500 b + ei IT9 + 41 kX - zBn 0 500
0 500 ¢ + i ITIO +35p5) LS = z& 0 500

2) Vilucsouly givenintabls 2 arwd 3

4)  Specinl ndenpplics (scc A 4 2b)
3) Fomwionly applics to pradcs iplo[MBinchusnely:

3) mellnoulynﬁii:ﬁlogntbsnu M7 idusvely;,

fiudnmcntal diation K for all otherlosic sacsandall other IT grades ()

n Fwﬂmmi.'ﬂdahius(i.emﬂhEuuh:nlh:)imnk:uxmxs

fondasnerial ditionk forall oty breaxc sies audall ol M gncdest)
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Table 10 - Rounding for fundamental deviations

Rounding values in micrometres

Calculated values obtained from the
formulae given in table 9

Basic size
o5 incl ahovc} 5195% mm up
up to 500 mm (incl. 1o mm
P ( ) {incl)

um Fundamental deviations
atog ktozc dtou
Above Up to and AtoG KtoZC E ~DtoU
including Rounding in multiples of
5 45 1 1 1
45 60 2 | 1
60 100 5 ] 2
100 200 S 2 5
200 300 10 2 10
300 500 10 5 io
500 560 10 5 20
560 600 20 5 20
600 800 20 10 20
£ 800 1000 20 20 20
1000 2 000 50 50 50
2000 5 000 160 100
20x 10" 50x 10" Ixio"
50x 10* 100 x 10" 2x 10°
100 x 10* 200x 10 5x 10"

=
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B.1

n.2

B.3
B.3.1

BJ3.2

Annex B
Examples of the use of 150 286-1

Genersl
This annex gives examples in 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 been calculated and are tabulated in AA 023 02 06.

In special cases, not covered by AA 023 02 06 the appropriate upper and lower deviations, and
hence the limits of size, can ba calculated from the datd given in tables 1 to 3, and tables 4 to 6 in
annex A in this Corporate Standard. i

Review of speical features b

A summary of the features and factors which shalil be taken into consideration when using this
part of ISO 286 to derive upper and lower deviations for special cases is given below:

- shafls and holes a, A, b, B are provided only for basic sizes greater than tmm;
- shafts jBare provided only for basic sizes less than or equal to 3mm;

- holes K in tolerance grades above 1T8 are provided only for basic sizes less than or equal to
3mm;,

- shafis and holes t, T, v, V and y, Y are onfy provided for basic sizes greater than 24mm, [4mm
and 18mm, respectively {for smaller basic sizes, the deviations are practically the same as those
of the adjacent tolerance grades);

- tolerance grades IT14 to IT18 are only provided for basic sizes greater than 1mm;

- holes N of tolerance grades above IT8 are only provided for basic sizes greater than I mm.
Examples

Determinig the limits of size for a shaft & 40"

Basic size step : 30 to 50 mm (from table 4)

Standard tolerance = 160 pm (from table 1)

Fundamental deviation = — 9 pm (from table 2)

Upper deviation = fundamental deviation = -9 pm

Lower deviation = fundamental deviation - tolerance
= -9 - 160 pm=- 169 pm

Limits of size :
Maximum =40-0.009=39.991 mm
Minimum =40-0.169=39 831 mm
Determining the limits of size for hole ¢ 130N4
Basic size step : 120 to 180 mm (from table 4)
Standard tolerance = [2 pm (from table 1)
Fundamental deviation =-27 + 4 um (from table 3)
Valueof 4 = 4 um (from table 3)
upper deviation = fundamental deviation
=-27+4 =-23 pm
Lower deviation = fundamental deviation - tolerance
=23-12pm=-35um
Limils of size :
Maximum=130-0.023 = 129.977 mm
Minimum=130-0.035=129.965 mm
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