“JTRICALS LIMITED.

t be used directly or indirectly in any way detrimental to the lnterest of the company.

COPYRIGHT AND CONFIDENTIAL

tion on this document is the property of BHARAT HEAVY I

&

Th v %
It mmn

< S— G

<PART NUMBER> <PART REVISION NUMBER>

AATI11128

CORPORATE STANDARD Rev No.06

. pr PAGEIOH

/V/z//s

BOLTS HEXAGON HEAD PRODUCT GRADE ‘A COARSE PITCH, A'

BRASS (M1:6 - M10)

1.0 DESIGNATION
A product Gr:A, hexagon head, brass bolt of nominal diameter Gmm, length 30mm,
coarse pitch shall be &esxgnated as:
1.1  On Drawings: \ : 5
1) Material specification column : AA7111128
ii) Description Column - :BOLTHEXAM6X 30—BR
1.2  OnIndents: Bolt Hex A M6 X 30 — Brass: AAT111128
1.3 For issuing enquiries and on purehase orders:’
While issuing enquiries and purchase orders, enclose a copy of BHEL standard.
2.0 COMPLIANCE WITH STANDARDS:.
2.1 Dimensions, Tolerances and General Requirements . \
As per BHEL standard AA7111128
2.2 Material: Aol ‘
Brass with minimum tensile Strength 395 memz (395 MPa) as spemﬁed in
IS:319, Gr.1 or Gr.2, Half hard (HB)
2.2.1 These items are to be manufactured from extruded/ drawn sections only.
2.3}. Threads
' Pitch — ¢coarse to 1S:4218, Part 2
Tolerance quality — Medium
Tolerance class —6g
2.4 Identification Marking: As stated in.Clause 9 of 1S:1367, Part 3
2.5 Finish: Un-planted
Revigions: _ g L ~_ APPROVED:
Clause No. 31.4.0 of MOM of MRC-F INTERPLANT MATERIAL RATIONALISATION
5§ , CO]!M'I‘TEE MRC(F)
Rev No.06 Amd No. Reaffirmed Prepared Issned Dt. of 1%t Issue
Dt:02-07-2013 | Dt: Year: HEEP, Haridwar | Corp.R&D | December1976
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3.0 NOTE:

3.1 Length and diameter combinsation (refer to Table—l on page 3 of 3) between the
bold ]mes should only be used.

3.2 For screw threads, general (Metric) refer to BHEL standard AA023 1800 —
3.3 For tolerance grade, posi’sion and class refer to standard AA0230201 —

3.4 For product Gr.A, hexagon head ._brass bolts (M12-M24) refer BHEL standard
AATI11129

3.5 Bolts. to this‘standard would be un-plated, divisions wishing bo have plated bolts
would have to get them plated. .

8.6 Weights given in this standard are for general reference only and are not for
commercial transactions. ,

3.7 When fasteners are to be teste& with it BHEL, the sampling a.nd aaceptanoe plan
shall be as per 1S:1367, Part 17

4.0 REFERRED STANDARDS (Latest publications including amendment): -

1) AA02302?}"‘ 2) AA0231800 - 3) AA023,1850\; ] 4) AA711112?/
5) IS:319 6) IS:4218, Part2 7) 15:1367, Part 3 & 17

LANATORY NOTE

This standard was issued in Dec.1976 and was based on 1S:1364-1967. Subsequently
many changes have been agreed upon at International level and as a result ISO 401488
was igsued. Accordingly IS:1864 has also been revised in line with ISO 4014 and issued
in 2002 as part 1,2,3,4 & 6

.‘Matenal “Brass” is not covered by IS:1367, Part 3. Hence reference of 18: 1364 Part 1-

2002 is not indicated in AA7111128

This revision in AA7111128 has been taken up to incorporate the changes in 18:1364,
Part 1-2002 )
The foilowing changes have been made in this revision:
- Clause 2.2 “Material”, has been modified in accordance with IS: 319—2007
- Page-3, Table-1 and Fig.-1, has been modified and made more visible.
- 18:1367, Part 3 & 17 added in clause 4.0
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30"
2 g, |
Poirt rmust be charfered or for threads <Mé4 or
see note 2 may may be rolled(sheared end)
\ I .
. |
p = . o ) ! .._,__l____......_
\ - i - '
f \J/
p. . b 1
C (b) I
k L S
A NOTE:
r 1) Corporate sub-codes are shown in the table.
2) For thread runout refer AA0231850 ,
3) Weights have been shown in kg. per 1000 Nos.
4) Symbol A denotes non preferred size.
TABLE-1 (All dimensions are in ‘mm’)
Head Washer Nominal Length (1)
Thread | Flats | oo “n;ns Dia. | Tkns m i
ay | 2 & | e &,, il 12| 16 | 20 [25|30(3540}45|50|s5|6065} 70 | 80 | 90 | 100
Min " [ Min. | MR- [,
3.20 1.23 0.25 Sub Coda
M1.6 3.41 227 9 :
~ | 302 0.98 0.1 | Weignt
4 153 0.25 Sub Code
M2 - 432 3.07 10 .
3.82 1.28 0.1 Weight
P 5 545 1.83 o 0.25 11 Sub Code
f: “ l4as2] |188] | 01 Weight
" |55 212 0.4 Sub Code| -
M3 6.07 48 12
532 | 1188 0.15 Weight
N : Sub
‘§ M4 i 7.68 2% 59 2 14 m
§ 6.78 268 0.15 Weight J
010
l s L8 |70 285 |4q| 05 | 4 |SubCode -
7.78 3.85 0.15 Weight 438
Mo |0 105128 lgg 051 4g subm
9.78 3.05 Q.15 | Weight
o 12 1438l 595 1 6| 08 | 5, |SubCode
L 12.73 515 | | 0.45 Weight
~ 16 5.58 ‘{08 4 Sub Code:
M 17.
0:\ P 15.73 22180 Weight
& :
\
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1.0

BOLTS HEXAGON HEAD PRODUCT Gr..A, COARSE PITCH

BRASS ('M12 - M24)

DESIGNATION:

A product Gr.A, hexagon head, brass bolt of thread size 20mm, length 100mm,
coarse pitch shall be designated as:

L1 On Drawings:‘ !
(1) Material specification column :AATI11 1129
(2) Description Column BOLT HEX A M16X60 — BR
12  OnIndents: Bolt Hex A M16 X 60 — Brass: AA7111129
1.3 For issuing enguiries and on purchase orders:
While iésu.ing enqﬁiries and purchase orders, enclose a copy of BHEL standard.
2.0 COMPLIANCE WITH STANDARDS:
2.1 Dimensions, Tolerances & General Requirements
As per BHEL standard AA7111129
2.2 Material: .
Brass with minimum tensﬂe strength 395 N!mm2 (895 MPa) as speclﬁed in
I8: 319, Gr.1or Gr.2, Ha]fha:rd (HB).
2.2.1 These items are to be manufactured from extruded/ drawn sections only.
2.3 Threads _ 4
f Pitch —coarse to IS:4218, Part 2
Tolerance quality — Medium .
Tolerance class —- 6g _I _ _ _ »-
2.4 Identification Marking: As stated in Clause 9 of IS:1367, Part 3
2.5 Finish: Un-planted
Revisions: . ' T APPROVED: :
Clause No. 31.4.0 of MOM of MRC-F - ‘| INTERPLANT MATERIAL RATIONALISATION 3
COMMITTEE — MRC{F) - A
Rev No.06 Amd No. Reaffirmed . Prepared Issued Dt. of 1%t Issue
Dt:02-07-2013 | Dt: ' Year: HEEP, Haridwar ] Corp.R&D | January1977
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3.0 NOTE:
3.1  Length and diameter combination (refer to Table—1 on page 3 of 3) between the
bold lines should only be used.
3.2 For screw threads, general (Metric) refer to BHEL standard AA023 1800
3.3 For toleranoe grade, poeition and class refer to BHEL standard AA0230201
8.4 For product Gr.A, hexagon head brass bolts (Ml 6- MlO) refer BHEL standard
AAT111128 '
8.5  Bolts to this standard would be un-plated, divisions wishing to have plated bolts
would have to get them plated '
8.6 Weights given in this standard are for general reference only and are not for
7~ commercial transgctions.
|8.7 When fasteners are to be tested with in BHEL, the sam’p]mg‘ and acceptance plan
' shall be as per IS:1367, Part 17
4.0

Py e

< %5/

REFERRED STANDARDS (Latest publications including amendment): :

1) AA0230201 2) AA0281800 3) AA711128 ' 4) AAG231850
5) 1S:319 6) 18:4218, Part2  7) 1S:1367, Part 3 & 17
EXPLANATORY NOTE

This standard was issued in Jan.1977 and was based on 1S:1364-1967. Subsequently
many changes have been agreed upon at International level and as a result 1S0:4014-88

was issued. Accordingly ¥S:1864 has alse been revised in line with 1SO:4014 and issued
m2002aspart 1,234 &5

Material “Brass” is not covered by 1S:1367, Part 3. Hence reference of 1S:1364, Part 1-
2002 is not mdlcated in AA7111129

This revision in AA7111129 has been taken up to incorporate the changes in 1S:1364,
Part 1-2002

The following major changes have been made in this revision:

() Clause 2.2 “Material”, has been modified in accordance with 1S:319-2007
(2) Page-3, Table—1 and Fig-1, has been modified and made more visible.
(8) 1S:1367, Part 3 & 17 added in clause 4.0
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30" Point must be chamfered or for threads < M4 or
L] 755 may be as rolled (sheared end)
; !
¥ ]
- X L PN & =
\ )
{ ]
11, See Note 3
cl
k L
a
Fig—-1
Table — 1 All dimensions in ‘mm’
Head" Washer Length ()
™ - N 45 | 50 |. 85 ¢ &0 sslm[aoigohouhm 120 130] 140 | 150
d Max, | 8 k| aw | pin :
Min. Nom. | Min. . Sub Code
Min | Max Weight kg per 1000 Nos
18 015
Mi2 j-——12003) 756 |16.6| —
17.73 0.6
38 38
7| 24 0.2 i :
M16 26,751 10 1225 ~meeems 3 032
7 23.67 | o8 -
' 119 140
' 54
30 02 }— _
M20 |——|33.53| 125 (282 —— 024
29.67 0.8
29
_ 36 _ 02
M24 399681 15 |336|
35.38 0.8
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CORPORATE STANDARD - Rov. No. 02

DIMENSIONS FOR SCREW THREAD RUNOUTS AND UNDERCUTS .
i.O SCOPE

This standard covers the dimensions for runouts and undercuts for rnal and internal
metric screw threads with pitches 0.2 to 6 mm.

2.0 COMPLANCE WITH STANDARDS -
This standard is technically identical to IS; 1369-1993/ Reaffirmed 2008 |
3.0 RUNOUTS

3.1 Runouts, whenever it occars, shall include the washout threads and clearance, where a
clearance 1s required. - i

3.2 Runouts for External Threads - The width of runout ‘X’ shall be measured from the
point at which the thread root ceases to be fully formed. The dimensions for runout for
external threads shall be as given in Table-1. ‘

3.3 Runouts for Internal Threads - The width of runout shall be measured from the point
at which the thread root ceases to be fully formed. The runout dimension shall be given in
Table-2. The figure in Table-2 showing runout illustrates a blind tapped hole. The
dimension ‘e’ indicates the additional length needed for taping and swarf clearance.

4.0 UNDERCUTS

4.1 Undercuts for External Threads - The form of undercut illustrated in Table-1. Two
values of width of undercuts f: and f> are provided. Width fi is the clear width and £ is the
width upto the latest full form thread. These values are given in Table-1. The diameter of
undercut ‘g’ shall be as given in Table-1. '

4.2 Undercuts for Internal Threads - The form of undercut illustrated in Table-2. Two

values of width of undercuts fi and fz are provided. Width f; is the clear width and f2 is

» from the starting of the transition angle. These values are given in Table-2. The diameter
of undercut ‘g shall be as given in Table-2

he property of BHARAT HEAVY ELJ‘JO}‘RICALS LIMITED,

COPYRIGHT AND CONFLDENTILAL
It must wot be used directly or indirectly in any way detrimental (o the lnterest of tho company. -
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5.0 GUIDE FOR APPLICATION

Guidelines for application ¢f thread runout and undercut values are given in Notes Table
1and 2. :

6.0 REFERRED STANDARDS (Latest publications including Amendments)

“é,/,/ &~

) Ni
3k b
ﬁ‘ Revisions: As per clause 18.3 of MOM of APPROVED:
N PGC-DOP+BES PROCEDURAL GUIDELINES COMMITTEE —
+ | PGC (DOP+BES)
«»| Rev. No. 02 Amd. No. Reaffirmed Prepared Issued Dt. of 1% Issue
\ Dt: 09-02-2015 | Dt: Year: HEEP, Haridwar Corp. R&D 01-08-1977
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TABLE-I DIMENSIONS FOR BLIND HOLE PROJECTION AND UNDERCUTS
FOR INTERNAL THREADS
© {Clauses 3.2 and‘4.1)
All dimension in millimetres
smwl;(nu S THREAD DIA SHANK D4 =PTTCH DIA mmnunmh b}\
._ i 1 3 i
SRR i S Y L=t
% 1 Jau | ‘ &1
—Kr—l—:b-v—— x=!‘b"= -—.—I-x LB .
f\ MACHINED THREAD ROLLER THREADS -
= -3
a. il L2 I

PARTS THREADED UFTO BEAD

I /\a*

\
[}
ém A i =
Yy 1 Dy -
- L—’~ P
- o fl
W . 27
THREADED UNDERCUT

‘a = distance from last full thread to contact face
b = length of full thread
x = thread runout
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Thread Runout Runout Distance Thread Undercut ¥
X a g fi 2
Pitch Max Max Min. Max.
P Normal | Short | Normal | Short | Long | h13 Short Short |
(see (see | (see (see (see (see | Normal | (see |Normal| (see
Notel)} |Note Z)| Note 3) | Note 4) | Note 5) | Note 6) : Notz 7) Note 7)
0.2 0.5 025 0.6 0.4 08 a-03 0.45 0.25 .7 05 0.1
0.25 0.6 0.3 0.75 05 i d-0.4 0.55. 0.25 .9 0.6 .12
. 03 0.75 0.4 0.9 0.6 1.2 d-0.5 0.6 03 105 875 |- 015
035 0.9 045 1.05 0.7 14 d-0.6 0.7 04 12 a9 .| 017
0.4 1 05 1.2 0.8 1.6 d-0.¥ 08 0.5 14 1 02
045 11 0.6 1.35 0.9 18 d-0.7 1 05 1.6 11 0.22
05 1.25 0.7 15 1 2 d-0.8 1.1 05 175 125 0.25
0.6 15 0.75 i8 12 24 d-1 12 0.6 21 | 15 03
0.7 1.75 09 21 14 2.8 d-11 15 0.8 245 175 | 035
0.75 19 1 2.25 15 3 412 16 095 2.6 19 04
08 2 1 24 1.6 32 d-1.3 17 (11] 28 2 04
1 25 125 3 2 4 d-1.6 21 . 1.1 35 2.5 0.5
1.25 32 16 4 25 5 4-2 2.7 15 424 32 0.6
Lta) 15 38 19 45 3 6 d-23 32 18 82 38 0.75
1.75 43 22 53 35 7 d-2.6 39 2.1 6.1 43 09
2 5 25 6 4 B - d3 45 | 25 7 5 1
2.5 6.3 32 75 LY 0 [.d-36 5.6 32 87 6.3 125
3 7.5 38 g 6 12 d-4.4 6.7 3.7 105 7.5 15
35 9 45 105 7 14 d-5 7.7 4.7 12 9 1.75
4 10 3 12 8 16 d-5.7 9 5 14 10 - 2
45 11 55 135 9 18 d-64 10.5 55 16 ‘11 2.25
5 125 6.3 15 10 20 d-7 115 635 175 125 25
55 14 7 163 11 22 d-2.7 125 7.5 19 14 275
6 15 75 13 12 24 d-8.3 14 8 21 15 3
Indicated )
dimensions - .
approximately 25P | 1.25P 3P 2P 4P - - 35P 25P {05P
correspond to

Note 1- Runout x normal for all types of screws in product Grades A, B and C [see IS:
1367 (Part 2)-1979 Techniecal supply conditions for threaded steel fasteners: Part
I Produet graders and tolerances (second revision)]. . -

Note 2- Runcut x short only in cases where a short runout is required for technical
reasons.

) Note 3- Distance @ normal for all types of screws in product Grade A.

Note 4- Distance a short for special cases in which for {echuical reasons a short distance
is necessary. '

Note 5- Distance a long for all types of screws in product Grades B and C.
Note 8- Tolerance zone h12 for g for threads up to 3 mm nominal diameter.

Note 7- Undercut short is for special cases. This short undercut requires special teols for
thread manufacture.

*The value of transition angle a for the range between fi and £ shall be 30° to 60°
depending on the method of thread manufactuhz&

Ed

-

cs— 224 ;é/’?’lr“
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CORPORATE STANDARD

TABLE 2 DIMENSIONS FOR THREAD RUNOUTS AND UNDERCUTS FOR

EXTERNAL THREADS
(Clauses 3.3 and 4.2)

All dimension in millimetres

740 ———
S
-—-—ql.--—-——l—--—u-

-

b = tongth of fuil theaad
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_ Blind Hule:m;ecﬁon Thread Undercut v
Pitch fy 2 3 ;
g Normal | Short | Long H§3 Mig. = Mog.
Normal | Normel | S
- {see Note) {see Note)
62 13 08 2 d+0.1 0.8 05 : 1.2 09 0.1
0.25 15 1 24 d+0.1 1 g.6 14 1 0.12
0.3 18 12 2.9 d+0.1 1.2 0.75 16 - 1.25 0.15
0.35 21 ‘13 33 | d+o2 14 0.9 19 14 0.17
04 23 L 37 13d+02 1.6 1 22 1.6 0.2
0.45 2.6 1.6 4.1 d+0.2 18 1.1 2.4 1.7 0.22
05 28 18 45 d+0.3 2 1.25 27 2 0.25
06 34 2.1 5.4 d+03 24 15 33 24 03
0.7 . 38 2.4 61 | d+0.3 2.8 1.75 38 2.75 0.35
0.75 4 25 6.4 d-+0.3 3 19 4 2.9 04
08 42 27 68 | d+03 32 2 42 3 04
1 5.1 3.2 8.2 d+Q.5 4 25 . 52 3.7 0.5
1.25 6.2 39 16 d+0.5 5 3.2 6.7 49 0.6
?, 15 73 4.6 116 | d+05 6 3.8 78 .i 56 0.75
1.75 83 5.2 133 { d+0.5 7 4.3 9.1 6.4 0.9
2 93 58 148 | d+05 8 5 . 103 73 1
25 112 7 179 { d+D5 10 - 6.3 13 5.3 128
3 13.1 8.2 21 d+0.5 12 ° 7.5 15.2 10,7 15
3is 15.2 a5 243 | d1+05 i4 9 17.7 12,7 1.75
4 168 105 269 | d+05 16 10 20 T4W, - 2
45 18.4 115 294 | d+05 18 11 23 16 2.25
5 . 20.8 13 333 | d+035 - 20 125 26 185 25
55 22.4 14 358 | d+0.5 22 i4 28 20 2.75
b 24 15 g4 | d4+05 24 15 30 21 3
Indicated .
dineagiefis &3P 4P 10P .
. Te To Ta - 4P 2.5P - - a.5p
approximately | 25¢ | 63P :
correspond to y

Note- The undercut short is for special cases.

*Recommended permissible tolerance for caleulated distance t:¥95F

t The countersunk angle B will normally be 120°_J2. in special cases it mauy be 90°. For
studs with yunont and for centre holes an angle of 60% is recommended, while for studs in
light metal a counter bore it recommended.

. ™ } The value of transition angle a for the range between fi and £ shall be 30° to 60°
¥ depending on the method of thread manufacture.

’éﬁ)} y—

eS8 ~z2a2-ly
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1.0. SCOPE:

2001

3.0 BASIC PROFILE:
The basic profile of threads shall be as shown below

2.0 COMPLIANCE WITH STANDARDS:
This standard is based on IS: 4218, Part 1-2001, IS: 4218, Part 2-2001, IS: 4218, Part 4-

n
r

—Pf8

SCREW THREADS - GENERAL (METRIC) .

This standard gives information about metric screw threads with ISO (International
Organization for Standardization) profile

‘:

/8 £OR DETANLS,

REFER CLAUSE-S

oY

;J.p. . H=3p = 0.866025P

. b1

4.2  Fine thread series

4.0 THREADED SERIES:
The following are the threaded series existing in the metric system.
4.1  Coarse Threaded Series

In coarse threaded series the pitch varies with the change in diameter and is coarser than
fine threaded series (see also 6.2.1) g

5

"sus

H/4 = 0.216506F

lw §1 = 05412660
l H/8 = 0.108253p

B M = 0.324760¢
,.}4

Dk
b

d1
@

znnosm

=

In fine threaded series also the pitch varies with the change in diameter but is finer than
the coarse series (sce also 6.2.2)
Revisions:As per Clause 18.7 of 18t MOM APPROVED:
of PGC-DOP+BES PROCEDURAL GUIDELINES COMMITTEE —
v PGC(DOP+BES)
Rev. No.03 Amd. No. Reaffirmed Prepared Issued Dt. of 1 Issue
Dt:02-01-2014 Dt: Year:2015 HEEP, Haridwar Corp. R&D 01-03-1977




<PART NUMBER> <PART REVISION NUMBER>

AA0231800 Eii<.a

Rev. No.03 CORPORATE STANDARD | g”[_l

PAGE 2of 5

4.3  Constant Pitch Threaded Series
In constant pitch threaded series the pitch remains constant irrespective of change in
diameter (see also 6.2.3)

5.0 DESIGNATION.

6.1 The complete designation of screw thread comprises a designation for the threaded
gystem, size and a designation for the thread tolerance class.

5.2 Thread System and Sizes: The size of the screw thread shall be designated by the letter
‘M followed by the diameter and the pitch, the two being separated by =ign ‘X

For example: M64 x 4

Where M signifies metric thread of ISO profile, 64 is the nominal diameter and 4
.. represents the pitch.

Where there is no indication of pitch, it shall mean that a coarse pitch is to be used.

5.2.1 Thread tolerance: The tolerance class designation includes a class deslgnanon for the
pitch diameter tolerance.

Each class designation consists of:
a) A figure indicating the tolerance grade.

b) A letter indicating the tolerance position, capital letters for nut (internal) threads
and small letters for bolt (external) threads.

EXAMPLES: '
i) Nut (Internal) Threads: M64 - 6H

Which identifies as internal thread of 64 mm nominsl diameter in the coarse thread
series having 6H as the tolerance class

M24x2-6H

Which identifies 8 internal thread of 24 snm nominal diameter in the fine thread series
~ baving 2 mm as the pitch and 6H as the tolerance class

ii) Bolt (External) Threads: M64 - 6g

Which identifies external threads of 64 mm nominal diameter in the coarse thread
having 6g as the tolerance class

M24x2-6¢

Which identifies as external thread of 24 mm nominal diameter in the fine thread
series having 2 mxm as the pitch and 6g as the tolerance class
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6.0

6.1
6.1.1

6.1.2

6.2

6.2.1

D)

6.2.2

6.2.3

6.3
6.3.1
6.4

=

SELECTION AND APPLICATION
Selection

?

In the interest of economy, designers should prefersbly select metric threads having
either coarse or fine pitch seriés such that only these pitches are used for which tools and
gauges stocked in various divigions.

Threads which are different from the standard graded pitch seriesle.g.: coarse or fine
entail the design and manufacture of special threading tools and gaués with consequent
increase in cost. Therefore first preference should always be given to the standard coarse
or fine series before selecting one of the standard constant pitch series.

Application: The chaice of coarse or fine thread series wsually involves consideration of
the following:

Coarge threads: The coarse thread gives a good resistance to stripping. It 15 suitable for .
threaded fasteners and for general use where the wall thickness can accommodate the
thread dimensions.

It is particularly advarntages for use with the lower tensile strength materials such: s cast
iron, mild steel and other softer materials (Brass, Aluminium, plastica etc.), it is also
suitable for applications involving rapid assembly, removal or situation subjected to slight
corrosion or damage i.e. for rough use.

Fine threads: The fine thread is recommended for all applications where a finer pitch is
required. It is suitable for threaded fasteners where in static applications. It is necessary
to provide extra care/strength. The series is less resistant to stripping and to the effect of
repeated tightening than the coarse series. However, this gives sufficient resistances to
stripping provided the length of engagement is adequate.

Constant pitch threads: Constant pitch threads may be used for parts which are
repeatedly assembled or dismantled and where it may be necessary to rethread the part
in service. The fine pitches, makes the series suitable for adjusting collars, retaining nuts,
thin nuts etc. on compact design work (also refer clause 6.1.2).

Diameterl Pitch Combination:

&
Cambinations of diameter/pitch recommended for use are given in Table-1, ™

Unless obherwise specified, threads to this standard shall be right handed. Whenever LH.
threads are required to be used, it ahould be done only consultation with standard cell of
respective givision.
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17.0 COATED THREADS:

7.1  Far coated threads, the tolerances apply to the parts before coating if not ot':he,:rwise
stated. After coating, the thread shall not transgress the maximum material limits for
position ‘H er ‘h’ respectively.

8.0 CLASS OF FIT:

8:1 Three classes of fit for metric screw threads; generally designated as ﬁjxe medium and
coarse have been provided for in the ISO metric screw thread system.

The general rule for the chaice of thread class can be stated as follows:-
Fine: For precision threads, when little variation of fit is required.
Medium: For general use (tolerance class 6H/6g)

Coarse: For cases where manufacturing difficulties can arise e.g. when threading hot
rolled bars.and long blind holes and to meet the requirement of dirty and corfrosive
condition. (Tolerance class 7H/8g), also applicable in case of production Grade ‘C’ bolts,
screwe-and Ruts)

8.2 IT IS RECOMMENDED TO USE MEDIUM CLASS FIT i.e. “Tol. class GI-IIBg in general,
other toleranpe class may be used after approval of :appropnate authority at respective

divisions.

| 8.3 Where no tohranoes arve speqified, tolerance class 6H and 6g will be applicable for
nuts/bolt threads respectively.

9.0. DETAILS OF BASIC PROFILE [Ref. Clause 3]
Where .

D is the basic major diameter of internal thread (nominal diameter)
d .- isthe basic majoy diameter of external thread (nominal diameter)
De isthe basic pitch dameter of infernal thread
" dx -
« Iy
da I _
H  isthe heightof fundsmdytal triangle
Bl mtfﬁewzh '
 10. 0 REFERRED STANDARDq @test publications including amendment)
- Nil L

g 25 4-X4
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! RECOMMENDED PITCH DIAMETER COMBINATIONS
b .1
{ | Nom PITCHES
dia - Fine :
 (mm) | Coarse [~ 4 3 2 15 [125] 1 [o7s| o5 [ 035 ] 025 02
1 0.25 ‘ 0.2
12 | 025 . 0.2
16 | 035 i { 0.2
2 0.4 0.25
25 | 045 0.35 |
3 | o5 0.35
4 0.7 , 0.5
3 0.8 0.5
6 1 j\ ] 0.75
?‘ 8 135 ] 1 | o7
10 15 125 1 | 075
12 | 175 ¥ 15 125 | 1
16 2 : 15 i 1
20 25 . 2 | 15 = 1
24 3 2 | 15 i
30 3.5 2 15 1
36 4 X 3 2 15
42 45 . 4 3 2 15
‘a8 5 ‘g | 3 ] 2 |18
56 55 4 3 2 | 18
64 6 ¢ 3 2 | 15
72 6 1 3 2 1.5
80 6 4 | 3 2 | 15
bl 90- 6.1 4] 3 2
160 ¥ 6 4 \ 3 2
L F10 6 4 3 2
A pe| 125 6 4 |\3 2
140 6 &% N 2
160 6 i Fvd | 3
180 | .. biaw-] 4 3 A
T L Y de JuBim | X
220 ' 6 4 F 1%
L | 250 6 4 3 1\
' g 280 [TONeE | 4 | 3 Wy =
I
g
R L
] W
f
A : L,
S
,’— A
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1.0

ISO SYSTEM OF LIMITS AND FITS (BASES

> OF .TOLERAN‘ CES, DEVIATIONS AND FITS)
'SCOPE
" This corpérate standard gives the bases of the ISO system of limits ajd fits together with

the fizle‘ulatad values of the standard tolerances and fundamental deviations. These
values shall‘'be taken as authoritative for the application of the system (see also clause
Al "W
This corperatg‘;shrrdh,r& also gives terms and definitions together with associated
aymbols. 1% T,y - |

1 . This corporat; sta,ndar&l is }&‘ased on [S: 919 Part 1-1993/Reaffirmed 2008 (ISO 286-1) : I

2.0

3.0

The hole basis syatéin shall B§Jy be used in BHEL.
". ‘:‘l’ % oo
FIELD OF APPLICATION

The ISO system of limits and fits provides a system of tolerances and deviations suitable
for plain work pieces. —

For eimplicity and also because of the importance of cylindrical werk pieces of circular
section, only these are referred to explicitly. 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 fo:r 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.. -

NOTE - It should be noted that the system is ot intended to provide fits for work piece
with features having other than simple geometric forms. 23 %

For the purposes of this Corporate Standard, a simple geometric form éonsists of a
cylindrical surface area or two parallel planes.

REFERRED STANDARDS

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

AA0230206 (ISO 286) ISO system of limits and fits - part 2: Tables of standard tolerance
grades and limit deviations for holes and shafts.

ISO/R 1938, ISO system of limits and fits - Ingpection of plain work pieces?
ISV 8015 IS: 12160 Technical drawings - Fundamental tolerancing principle.

cS-@ z.:-.?-

Revisions: As per Clause 18.7 of 18% MOM APPROVED: rord
of PGC-DOP+BES PRGEEDURAL GUIDELINES COMMITTEE

& PGC (DOP+BES) -

Rev. No. 02 Amd. No. Reaffirmed | Prepared Issued Dt. of 1%t [asue

Dt 02:01-2014 Dt: Year: 2015 | HEEP, Haridwar Carp. R&D 01-03-1977
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40 TERMS AND DEFINITIONS

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, according to convention, to describe an external feature Pf a work piece,
including features which are not cylindrical (see also clause 2). -

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

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

42 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 Basic hole
" Hole chosen as a basis for a hole-basis system of fite (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.

43 Size
A number expressing, in a particular unit, the numerical value of a linear dimension.

4.3.1 Basic Size; nominal size

The size from which the limits of size are derived By the application of the upper and
lower deviations (see figure 1).

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

4.8.2 Actual size -
*  The size of a feature, obtained by measurement.
4.3.2.1 Actual local size

& Any individual distance at any cross section of a feature, i.e. any size measured between
A any two opposite points. .
Q1433 Limits of size
§ The two extreme permissible sizes of a feature, between which the actual size should lie,
~ the limits of size being included.

4.3.8.1 Maximum limit of size

The greatest permissible size of a feature (see figure i)
4.3.3.2 Minimum limit of size
The smallest permissible size of a feature (see figule 1)
F-

p
N
ol
Q
L
vy
\




26/ 35—~

as- & 22§

<PART NUMBER> <PART REVISION NUMBER>

AA0230201

4.4

4.5

4.6

4.6.1

CORPORATE STANDARD Rev. No. 02
. PAGE 3of 31
Limit System
A system of standardized tolerances and deviations. '
Zero line

In 2 graphical representation of limits and fits, the straight line, representmg the basic
size, to which the deviations and tolerances are referred (see figure 1),

According to convention, the zero line is drawn horizontally, wlth}poaitive deviations
shown above and negative Deviations below (see figure 2). .

-

Zwo rm 14.5) I

of tise 14.3.0.9)

Satic sizw 631
=
Miniourn faic
ol siee 1£.2.1.
=
- AASnirwum it
oo

N

Figure 1 — Bagic 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 shaft deviations are lower case letters (es, ei) and symﬂéls f(;r hole
deviations are upper case Letters (ES, El) (see figure 2).

Limit deviations

Upper deviation and lower deviation.

4.6.1.1 Upper deviation (ES, es)

The algebraic difference between the maximum limit of size and the correspondmg basic
size (see figure 2). J

4.6.1.2 Lower deviation (ES, es)

4.6.2

The algebraic difference between the minimum limit of size and the corresponding basic
size (see figure 2).

Fandamental deviation

For the purpose of the ISO system of limitesfnd fits, that deviation which defines the
position of the tolerance zone, in relation tasthe 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.
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4.7

4.7.1

4.7.3

474

4.7.5

Size tolerance

The difference between the maximum lmit of size and the minimum limit ofszie Le. the
difference between the upper deviation and the lower deviation.

NOTE: The tolerance is an absolute value without sign.
——Lowes daviaiion |Ef, ¢il 16.8.1.2)

= D : ‘-—- Talernnceg cone [4.7 .3} -
Sire
r tofesance (4.7}
i ] deviation
" 1ES, &s)
C Zaeo line 14.52 14.9.1,. 1}
20
- 2 N
[ -
= M
x
| . 1
W [ '5

Figure 2 — Conventional representation of a tolerance zone
Standard tc;l'emnce an
For the purpose of the ISO system of limits and fits, any tolerance belonging to this
aystem. L
NOTE: The letters of the symbol IT stand for “Interfiational Tolerance” grade.
Standard télerance grades

For the-purpose of the ISO system of limits and fits, a group of tolerances (e.g. IT'7),
considered g8 corresponding to the same level of accuracy for all basic sizes. -

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 line (see figure 2).

Tolerance qlasg

The term: med for a combination of fundamental deviation and a tolerance grade, e.g. h9,
D13 ete.

Standard tolerance factor (i, 1)

For the purposes of the ISO aystem 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 &}
A.1The standard tolerance factor i is appfled to basic sizes less than or equal to 500
mm.

C‘J-aza:j
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A_2The standard tolerance factor I is applied to basic sizes greater than 500 mm.

48 Clearance : S5

The positive difference between the sizes of the hole and the shaft, before assen{bly, when
the diameter of the shaft is smaller than the diameter of the hole (see figure 3).

Cherancs 4.8 l‘

Z

)

_ Figure 3 - Clearance
4.8.1 Minimum Clearance -

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

4.8.2 Maximum Clearance

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

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). '

491 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).

&.
NN
: |

Mitirum tieargroy 1H4.8.5)
. Vre———e————— s
. N
Mpmmas clobisncy 14.0.21
—%
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Moy nirvirmn

e q.n

e e Fava new —
.2

Pigureb — Transition fit

¢ e inswripeyry (4.9

o W o5 T

>

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 &
and 7).

410 Fit

The relationship resulting from the difference, b@re assembly, between the sizes of the
two features {the hole and the shaft) which arego be assembled.

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

crozaf Jo)3IIr
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- Pigure 7 - Interference fit

4,10.1 Clearance fit

A fit that always provides a clearance between the hole and shaft when assembled, ie.,

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).

Sheht

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).

S

Figure 9 - Schematic representation of interference fits

Mol

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 in part (see figure 10).

o

e —




B

cs~-oz2f

VLAY

<PART NUMBER> <PART REVISION NL:43ER>

AA0230201

Rev. No. 02 CORPORATE STANDARD

PAGE 8of 31

Shah

\\‘\\\\/ D
U0

hat
Shalv IR

ero ling

Figure 10 — Schematic representation of transition fits i‘
4.10.4 Variation of a fit

The arithmetic sum of the tolerances of the two features comprising the fit.

Note: The variation of a fit is an absolute value withcut sign.
4,11 Fit system

A system of fits comprising shafta and holes belonging to a limit system.
4.11.1 Shaft basis system of fits .-

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

For the purposes of the ISO system of limits ‘and-fits, a s.ysteni 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)

” Slheaft “h~

- .
_ A AU U

e Ba2c sizn 14.3.13

Figure 11 - Sh nft-basis system of fits
NOTES:

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,
Hé6/Mh4, M5/h4).

}4.11.2 Hole - basis system of fits

A system of fits in which the required cle 8 or interferences are obtained by
associating shaft of various tolerance classes with holes of a single tolerance class.

T3

)
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4.12

4.13

For t.he 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 bsasic eize. 1.e. the lowerdewataon is

zero (see figure 12).
L*/ /////

/e

Figure 12 - Hole-basis system of fits -
NOTES:

1) The horizontal continuous lines represent the fundamental deviationsa 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,
H64s5, Hé/p4d).

Maximum material Hmit (MML)

The designation applied to that of the two limits of size which corresponds to the
maximum material size for the feature i.e.

A.1The maximum (upper) limit of size for and external feature (shaft)
A.2The minimum (lower) limit of size for an internal feature (hole)
Note — Previously called “GO limit”
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.

1) The minimum (Lower) limit of size for an external feature (shaft)
2) The maximum (Upper) limit of size for an internal feature (hole)
Note — Previously called “NOT GO hmit”
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5-1

5.1.1

5.1.2

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.
IT7. When tolerance grade is associated with (a) letter(s) representingta fundamental
deviation to form a tolerance class, the letters IT are omitted e.g.h7. .

NOTE ~ The ISO system provides for a total of 20 standard tolerance grades of which
grades IT1 to IT18 are in general use and given in the main body of the standard. Grades
ITO and TTO1, which are not in general use, are given in annex A for information
purposes. .

Deviations

5.1.2.1 Position of toleranee 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....2c) (see figures 13 and 14)."

NOTE — To avuid confusion, the following letters are not used:
I.L,50,0Q 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

5.2

5.2.1

5.2.2

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

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:
H7 ¢holes)
h7 (shafts)
Toleranced size

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

Example:
"82H7
805815
100g6 »

—0.012
100 0034

)
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5.2.3

'16.3

ref /L

5.8.1

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

1) H or h holes;

2) S or s for shafts

Examples: \
50H5 becomes H50HS or h60hb '
50h6 becomes S50HS or s5086

This method of designation shall not be used on drawings.

Fit

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 ‘—;g-

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:

a) H or h for holes;
b) S or s for shafts;
¢) and the basic size repeated
Examples:
52H7/g6 becomes H62H 7/S52(G6 or h62h7/s52g6
This method of designation shall not be used on drawings.
Interpretation of a tolerance size
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

csp 223
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NOTES:

1) According to convention, the fundamental deviation is the one defining the nearest limit to

the zero line.
2) For details concerning fundamental deviations for 4/, K/k, M/m and N/n, see figure 14.
Figure 13 - Schematic representation of the position of fundamental deviations
.
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5.8.1.1 Linear size tolerances

A linear size tolerance ccatrols only the actual local sizes (two point measureménts) 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 individua! features by the size tolerances. (For further
information, see ISO/R 1938 and ISO 8015).

5.3.1.2 Envelope requirement “

5.8.2

B.1

5.3

Single features, whether a cylinder, or established by two parallel plailes, 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 shall not be violated. (For further information, see ISO/R 1938 and ISO
8015).

NOTE - Some national standards (which should be referred to on the drawing) specify
that the envelope requirement for smingle features is the norm and therefore this is not
indicated separately on the drawing.

Tolerance indication not in accordance with ISO 8015

The tolerances for work pieces manufactured to drawings which do not have the notation,
Tolerancing ISO §016, 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 amaller than

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

For shafts

The diameter of the emallest 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 limit of size. The minimum diameter at any position
en the shaft shall be not less than the least material limit of size.

The interpretations given in a) and b) mean that if a work piece is everywhere at its
maximum material limit, that work piece should be perfectly round and straight, i.e. a
perfect cylinder.

Unles§ 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

informaﬁon, see JSO/R 1938.

NOTE - In special cases, the maximum form deviations permitted by the interpretations
given in a) and b) may be teo 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)
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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 positi}(e and those of the
shaft are negative. ] g

Upper dovistlon (4.6, 1. 1) —eman—y
[-— Lows: deviption (6.4.1,2] e

Mol {4.21

7

v
Sisx Wolgmmncs ‘W N

Sion Wwlarwncy {4.7)

$halc (4.1

N

e Minimum Bmit of size 14.3.3.2]

e Modmum vt of size 14.0.3.1) c————d
0 Sapic wizs 14.2.0)
Figure 15 — Graphical Representation

Figure 16 — Simpl¥ed schematic diagram
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7.0

8.0
8.1

8.2

9.0
9.1

REFERENCE TEMPERATURE

The temperature at which the dimensions of the ISO system of limits and' fits dre
specified is 20° C (see ISO 1) =

S'l_‘ANDARD TOLERANCES FOR BASIC SIZES UP TO 3150 mm

Basis of the system 3
The bases for calculating the standard tolerances are gwen inannex A. .
Values of standard tolerance grades (IT) S P, m”

Values of standard tolerance grades 1T1 to IT18 mcluazve 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 IT01 are given in annex A.

FUNDAMENTAL DEVIATIONS FOR BASIC SIZES UP TO 3150 mm
Fundamental deviations for shafts {except deviation. is (see 79"3)]--..

The fundamental deviations for shafts and their respechvé sngn (+ or ) are shown in -

figure 17. Values for the fundamental deviations are given in table 2.

The Upper deviation (es) and lower deviation (e1) are established from the fundamental
deviation and the standard tolerance grade (IT) as shown in figure 17.

. Devisticnz a0 h A Devistions k to 20

ef =~ napative (-} fsnds
menial deviation mental devistion

e = positive {(+) fumda

.t-f-d l’ c,g‘-ﬁ!-r
Figure 17 — Deviations for shafts

"
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' 9.2 Fundamental deviation for holes [except deviation IS (see 9.3)]

The fundamental deviations for holes and their respective sign (+ or -) are shdwn in figure
18. Values for the fundamental deviations are given in table 3.

The upper deviation (ES) and lower deviation (EI) are established from the fundamental
deviation and the standard tolerance grade (IT) as shown in figure 18.

Devistions A to H .
Deviation: X to ZC (wot valid for
Jans than or aqual 30 JT8 of devintion X and
) L/ ierunce sinss MB)
: /‘_.
:E’ €S Zuro line
£S.
Y £ v
' K ~ posiive (+) fondy, memad -a-m(ai-u-ﬂ
Soviziion GSeviadioa
ES« E1 4T ES=EI-TL

Figure:. 18 — Deviaﬁons for holes
9.8 Fundamental deviation js and JS (see figure 19)

The information given in 9.1 and 9.2 does not apply to fundamental deviations js and J$

which are a symmetrical distribution of the standard tolerance grade about the zero line,
i.e. for js:

IT

es=el= —
2

' . and for JS:

— ES = Bl = =
» < 3

- es A £s

2
' - 2220
| ef . // El

Shaft Hole

o 1T
/ahalr,

Figure 19 — Devis§jons jg and JS
«

ro/ s

Pl ol '2-'1)
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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, foi the most part, asymmetrical distributioas of the standard tolerance grade
about the zerv line (see AA0230208 tabl_es 8 and 24).

Table 1 - Numerical values 0.’ standard tolerance grades {T for basic sizes up to 8150 mm"

e 17 ] | me I ITB"J e o I nse | 1B l a7 I 1] I 1] l m I 1w I T2 I IF3 l T35 I ﬂkﬁ‘ I = I|T1?‘1| Tiee
"y m ’ Tolserons e
T mm
. | os |12) 2 ) s| 4] o] =} @ | s0 Jorjota]os|os]o0os|1]4
3 s t j15f2s{ 45| 8sinnin]n|a gq2 018 | 03 | 048 | o7s {12 18
§ ] 1 |wsl2s] a6 ] o | 5] 2] {3 { % {ots]oz2]os| oo 15|22
0] 8 J]lz|lyls{s]|n]ls|z}a|m]n|eslor|jos]ar | 11 j18]ar
] 20 | 15 bas| ¢} 6 el 13 |2 =2 a6} 13 jozt{oss|os2}ose| 13 |21]33
0 | o | 15 |25] 4 | 7 |+ |6 | 502 | e [ w0 | 9 [os|osn|os2| 1 | 15 25]3s
0! = 2 3 s | mwjo)e| %] m) o3 os|omi12] 10 ]3]
0 | 2 |25 ¢l s ]|w|sl 2|5 || o ||z joms|osefor | 14 22 35]564
0] w |35 5|8 |m2iw]{=]|elea|m | @|z=|[o0sjos] 1 | 16]25]4]63
100 | 20 | 45 | 7 Lo uw| 20| =i 2] s |es| 2 |ow|o2| 195 | 185 29 {4d8] 72
s | 315 { 6 | 8| 2| ® || 2|26 | 0|20 | w2 Jos|os| 13| 21 | 32 p52)8t
ws | a0 | 7 | et | m | 23] % ||| 190|220 | % [osw|aes] 14 [ 23 38 57|89
40 | 5w 8 w15 ]| 20| 27|40 (63|97 | 156|200 | 40 {08]097] 15| 25 4 |63 o7
w0 | s | 9 || 2] | | w1 o] w oy |imsio2s |7
g0 Lom | o | 3| 8f2s | ® | | |12s]om |2 |s0|osf12s] 2 32|38 |8]2s
o0 o | 11 {82 | =) 0]l % | w o] s | % m {esfe]| 23| 36 )58 0] u
w0 |2 | 13 |8 |2 | 3 | & | e fwsfes| % |0 f 6w j1es)res] 26 | A2 | 65 |105] 165
w0 fwm| 5 | 2| 2| %] | 7 |2sfws)| o0 |50 m |125(15] 31 | 5 | 78 [125] 185
1600 | o002 | 18 | 25 | a5 | % | o6 | 92 |10 |20 | 50 |0 | 60 |15 {23 | 37 | 6 | o2 |6}
g {2000 | 2 Lol s || )0 s | e |00 | 100 15| 28| a4 [ 7 | 11 [175] B
200 |31 | 2 | 3 | s0 | e [ 96 [ 135 | 20 [0 | 540 | 80 | 1350 | 21 | 23§ 54 | 88 | WS || W
(_‘ B.3 Values for standard tolerance grades I'T01 and ITO for basic sizes less than or equat to 500
iz\\ i mmare_giveninannexA, table b.
® [B4 Values for standard tolerance grades ITI to IT5 (incl.) for basic sizes over 500 mm are-
\Q\ 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
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so that the resulting deviations i.e. iﬂ can be expressed in whole micrometres.
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Table-8 Numerical values of the fundamental deviations of holes :
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— " Fundamental deviations A and B shall not be used for basic sizea leas than or equal to 1 {concl) Examples:
mm. . . K7 in the range 18 to 30 mm: A = Bum, thexefore ES= 2+ 8=+ pm
-«  For tolerance classes JS7 to JS11, if the IT value number, n, is ai odd number, this may be £8 in the range 18 to 30 mm: A = 4um, therefore ES= -85 + 4 = .3I"um
rounded to the even number immediately below. L= Special casges for tolerance class M6 in the range from 250 to 315 mm. ES = -8 ym
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10.0

11.0

BIBLOGRAPHY

The following standards on tolerancing and tolerance systems will be useful thh regard
to the application of this part of ISO 286:

AA0423103 (ISO 406) Technical drawings - Linear and angular tolerances - Indications on
drawings.

AA0230415 (ISO 1101} Technical drawings - Geometrical toleranc
form, orientation, location and run out - Generalities, definitions,
drawings.

- Tolerancing of
18, indications on

[50 1829, Selection of tolerance zones for general purposes.

IS0 1947, System of cone tolerances for conical work pieces from C = 1:3 to 1:500 and
lengths from 6 to 630 mm.

AA0230416 (ISO 2692) Technical drawings — Geometrical tolerancing Mammum material
principle.

AA0230208 (ISO 2768-1) General tolerances for dimensions without tolerance indications
- Part 1: Tolerances for linear and angular dimensions.?

ISO 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.

REFERRED STANDARDS (Latest publications including amendment)

‘1) AA0230206 9) IS0 406
2) AA0230415 10)ISO 1101
3) AA0423103 11) IS0 1829
4 AAD230416 12) ISO 1947
5) AA0230208 13) ISO 2692

. 8) 1808015 IS: 12160 14) ISO 2768-1
7) 1301 15)ISO 5166
8) ISO/R 1938

"5
Y

At present at the stage of draft. (Revision, in pillet of ISO 2768-1973)
L2
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Lo Annex A
Bases of the ISO System of limits and fits >
A% " General

This annex gives the bases of the ISO system of limits and fits. The data are given
primarily so that values can be calculated for fandamental deviations, which may be
required in very apecial circumstances and which are not given in the ta?]es, 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.

M - Basic size steps

For convenience, the standard tolerances and fundamental deviations are not calculated -
o 'mdwldually for each separate basic size, but for steps of the basic aize as given in table 4. | 4
s i 3 These stips are gronged into main steps and intermediate steps. The intermediate steps
are only used in certain cases for calculating standard tolerances and fundamental
devigtions a to c and r to zc for shafts, and A to C and R to ZC for holes. 1

The values of the standard tolerances and fundamental deviatione for each basic size step
are calculated from the geometrical mean (D) of the extreme sizes (D1 and D2) of that step
as follows:

.b=+B1xD2

For the first bagic size step (less 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.
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Table 4 — Basic size steps
Valueg in millimetres
~  Baslc sizes up to 500 mm — Basicsizes above 500 mm up to
{incl) 3150 mm (incl) -
Main steps Intermedjate steps D Main steps Intermediate steps 2
Up to and Uptoand Up to and Up to and
Above | cduding | P | including i ey Bt incinding
500 | 560
- 3 500 | 630 & i .
. 630 . 710
3 6 No subdivision 630 800 716 200
8OO 200
| 6 10 800 1000 300 1088
F E » 10 14 1000 | 1250 1000 1120
14 18 1120 1250
[ 18 24 1250 | 1600 1250 1400
18 30 a4 30 1400 1600
20 50 30 40 16060 2000 1600 1800
40 50 1800 2000
80 50 63 2000 2500 2000 - 2240
- 65 80 . 2240 2500
80 100 2500 | 3150 2500 2800
® 1% 100 120 . ‘ 2800 3150
120 140
120 180 140 160
160 180
- 180 200
1@ | 250 200 225
- 225 250
; 250 280
250 318 280 S
i 315 | 355
| 315 4071.} i =
7 X 400 450
o 002, 450 500
\ A
A5 Standard tolerapce grades
A5.1 General -
1SO system of hmtts‘and fits provides for 20 standard tolerance grades designated IT01, ITO,
IT1...YT18 in the sizewange from 0 up to 500 mm (incl) and 18 standard tolerance grades in
: the size range from mmm up to 3150 mm (incl) designated IT1 fo IT18.
As stated in the “Forweﬂmrd" the ISO 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 mathematical base, and hence there are
R discontinuity in the system and differing formulae for the deviation of IT grades up to 500
¢ mm.
} The values for standard ¢olerances for basic sizes from 500 mm up to 3150 mm (incl.) were
N subsequently developed for experimental purposes, and since they have proved acceptable to
industry they are now given as a part of the ISO system.
N It should be noted that values for standard tolerances in grades IT'O and ITOI are not given in
o the main body of the standard because they have httle use in practice; however, values for
o these are given in bable & -
& .
. i - 'l‘heseamusedmcertamcasesixrdevmhomatobanﬂrton:orAtaCanthoZC(seeuabbe2nnd3)
U —— These are used fr the deviations r to u and R to U (see tables 2 and 3).
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Table 5 - Numerical values for standard tolerances in grades IT01 and ITO

Basic size Standard tolerance grades
m 1 o1 | IT0
Above | mt‘?:;g Tolerances ym
- -3 03 0.5
3 6 0.4 0.6
6 10 0.4 06 *
16- 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
. 1 120 180 1.2 - 2
180 250 2 3 .
250 315 25 4 ~
: 315 400 3 5
1 400 500 4 6

A.5.2 Derivation of standard tolerances (IT) for basic sizes up to and inciuding 560 mm
A5.2.1 Standardtolerance grades [TOL to IT4 '

The values of standard tolerances in grades IT01, TTO and IT1 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 scdled in
geometrical progression between the values for IT1 and IT5.

Table 6 — Formulae for standard tolerances in grades IT01, ITO and IT1 for basic sizes up

to and including 500 m
‘ Values in micrometers
Formula for calculation
Standard where D is geometric
B tolerance grade | mean of the basic size in
* millimetres
1TO1D 0.34-0.008D b i &
g oy 0.5+0.012D
IT1 0.8+0.020D
~ See the “Foreword” and A.3.1

A.5.2.2 Standard tolerance grades IT5 to IT18

. The values for standard tolerances in grades IT5 to IT18 for basic sizes up to and
including 500 mm are determined as a function of the standard tolerance factar, i.

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

i=0.45 YD +0.001D

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 premige that, for the same manufacturing process, the relationship between the
magni of the manufacturing errore and basic size approximates a parabolic
function. -

/&/'://J"_'

=~ 9—9—-}

)
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The values of the standard tolerances are calculated in terms of the standard wlefance
factor, i, as shown in table 7. 1

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 IT18.

Example:
IT20=1IT15x10=640ix 10=64001 k

Note — The above rule applies except for IT6 in the basic size range from 3 to 6 mm
(inel.)

Table 7 - Formulae for standard tolerances in grades IT1 to IT18

. Standard tolerance grades
Basic size g
mm ITID | TT20{IT3D IT4D TS| 1T6 | [T7 | IT8 | IT9 {IT10| IT11 | IT12 | IT13 | IT14 | IT15 | IT16 | IT17 | IT18
Abovel and Formulae for standard tolerances (Results in micrometres)
including
S00 - - - - V7] 107 | 161 257 | 407] 647 | 2007 1607 | 2507 | 4007/ { 6401 | 10007 16005 | 2500/
500 3150 2r | 277| 371) 57 |71 107 | 1671 25/ | 40/ B4 10407 | 1607 | 2507 | 4007 { 640/ | 10007 | 1600S] 25007

A.5.3

— SeeA3.21

Derivation of standard tolerances (IT) for basic sizes from 500 mm up to and including
3160 mm -

The values for standard tolerances I grades IT1 to IT18 are determined as a function of
the standard tolerance factor, L.

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 terma of the standard tolerance
factor, 7, 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 IT18.

Examples:
IT20 = IT15 x 10 = 6407 x 10 = 6400;
NOTES

~ The formulae for standard tolerance in grades IT1 to IT5 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. o

&
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A6
A6.1

A6.2

A 6.4 Rounding of values for standard tolerances

For each basic size step, the values obtained from the formulae given in A.3.2 dnd A.3.3

for standard tolerances in grades up to and including IT11, are rounded off in accordance
with the rules given in table 8.

13

The calculated values of standard tolerances in grades above IT1l do not require

rounding off because they are derived from values of tolerance grade'IT7 to IT11, which
have already been rounded off.

Table 8 - Rounding for IT values up to and including standard tolerance grade IT11

Rounding values in micrometres
Calculated values obtained from Basic size
. the formulae given in A.3.2 and Up to 500 mm Above 500 mm up
A.3.3 (incl.) to 3150 mm (incl.)
Above Up to and including Rounding in multiples of
0. 60 1 1
60 100 i 2
100 200 5 59
200 500 10 10
500 1000 Co- - 20
-1000 2000 T 50
2000 5000 - 100
5000 10000 - 200
10000 20000 - 500
20000 50000 - 1000

NOTES

— 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 fo 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 ISQ aystem.

— Values for standard tolerances in grades IT1 to IT18 are given in table }-and for
ITO and ITO1 in table 5.

Derivation of fundamental deviations
Fundamental deviations for shafts

The fundamental deviations for shafts are calculated from the formulsae given in table 9.

. The fundamental deviation given by the formulase in table 9 is, in principle, that

corresponding to the imits closest to the zero line i.e. the upper deviation for shaftsatoh
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 devistion is independent of the selected grade of tolerance (even if the
formula includes a term involving I'Tn).

Fundamental deviations for holes

The fundamental deviations for holes are calculsfed from the formulae given in table 9
and, therefore, the limit cerresponding to thedundamental deviation for a hole is exactly

symmetrical in relation to the zero line, to the limit corresponding to the fundamental
deviation for a shaft with the same letter.
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This rule applies to all 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 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. i

In the cases, the fundamental deviation, as calculated, is adjusted by algebraically adding
the value of A as follews;

ES = ES (as calculated) + A

Where A is the difference ITn- IT(n-1) between the standard tolerance, for the hasic size
step in the given grade, and that in the next finer grade.

Example:
For P7 in the basic size range from 18 to 30 mm:
A=IT7-1T6=21-13=8um

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 IT8
and deviations P to ZC in standard tolerance grades up to and including IT7.

:'é-‘
=
) | i 1 Shanty-twasis 1y
(e/)+ ITIn-N=1ES)+1Tn
i fer)-1Tn=(ES)-1T(n~1)
o .l u f
= =
)

=

ITn

Z

Figure 20 - Diagrammatic representation of the rule given A 4.2b)
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The fundamental deviation given by the formulse in table 9 is, in prmcipie, that
corresponding to the limits closest to the limits closest to the zero line, ie. t.he lower
deviation for holes A to H and the upper deviation for heles K to ZC.

Except for holes J and JS, for which, strictly speaking, there is no fundamental dewatmn,
" the value of the deviation is independent of the selected grade of tolerance (even if the
formula inchades a term involving ITn).

A 6.3 Rounding of values for fundamental deviations §

For each basic size step, the values obtained from the formulae g1ven 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. Shafis | : Holes ic size mm
Sign rmulge” where D is the Sign .
Upto |Fundame . g g q . Upto
negativ geometric mean of the . . Knegativ mdmnemalr
Abovd and | mial I or | tion | basicsizein millimetres Designation” ™o geviation [ 0*%. . 214
nelucing s positive)] itive)  ——
] 1 | 120 265+ 1.3D 1 120
. + A
0l 30 | * | 1= G - " 120 | 500
1 1690 - =140 + 0.835D . 1 160
] 500 | ° - & [Z18D . 3 i 160 | 500
0 | 40 52D02 0 40
| s | © = | ® [es5+0aD il # = 20 | 500
b Geometric mean of the
o 10 cd - & | values for Coand Dd EI k2 CcD 0 10
= i 0 | 3150 d - es | 16D% El + D 0 | 3150 |-
L 0 | 3150 e A es | 11D El + E 0 | 3150
- Geometric mean of the ' -
0 10 ef - © | voles for E.oapd F.f . El + EF 0| 10
0 | 3150 f K e | 5.5D%4 El T -F 0 | 3150
Geometric mean of the _
0 10 fe - e | olses for F.fand Gg El + FG 0 10
| 0 | 3150 g . es | 2.5D0% El ¥ G 0 | 3150
l 0 | 3150 | h_|Nosign| es | Deviation=0 El _ |Nosign] H 0 [ 3150
0 500 j No formufa? J 0 500
| o 30! js Yol o8 lgsme El & 3S o | 3150
| J - e {0 ES -
) N 3 -t 1
o | so0° " vt | & [0sVD ES _ Ko 0 | s500°
500 | 3150 No sign Deviation=0 No sign 500 | 3150
0| 500 . | IT7-IT6 A 0 | 500
500 3150 | R R LY B2 - e 500 | 3150
0 | 500 . | SD®* . 0 | 500
o F 3150 | ° | ¢ o2 E® [ b 500 | 3150,
. 0 | 500 . | IT7+0w5 ‘ 0 | 500
e 500] 3150 | P * ¢ o 072D4378 BS P9 00 [ 3150
| + . | Geometric mean of the 9
’ . o | 3150 r + ¢ bues for P.p and S, ES - R 0 | 3150
0 50 T8+ 1104 0°f 50
3 L )
50| 3150 | ° * | ¢4 [Tr7v04D L 5¢ s0 | 3150
24 | 3150 t it TT7+0.63D ES 2 T4 24 | 3150
(‘ 0 | 3150 u + ei |IT7+D ES - u® 0 | 3150
<Q 14 | 500 v + e | IT7+1.25D ES F v 14 | 500
o Lo s | x + | e [1T7+16D ES - X9 0_[ soo
Sl 18 | 500 y + & | ITH2D ES = Y9 18 | 500
2 0 | s00 z + e | IT+2.5D ES B z* 0 | 500
0 500 | za + ei | IT8+3.15D ES = ZAY 0 500
0 | s00 2b + ei | IT9+4D ES E ZBY 0 | 500
_ 0o | s00 zc + ei | ITIOHSD ES 5 ZcY 0 | 500
o ) - Fundamental devistions (Le. results fmm formula) in micrometres.
o - Values only given i tables 2 and 3
2 _  Formnla only applies to grades IT4 to IT7 inclusively: fundamental dbviation k for all other basic sizas and all other IT grades = 0
F _  Special rule applies (see A.4.2}) #
‘{\ - Fornula only appliss to grades up to IT8 inclusively: fandamental deviation K for all other basic sizes and all other IT grades = 0
L
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Table 19 - Rounding for fundamental deviations

Rounding values in mickometres
Calcalated vals obtained from the : Baslc e N
rmulae gi:;p in table 9 Up to 500 mm (incl.) 3150 mm (incl)
Fundamental deviations
~ Above Up to and Including b - ;.f;g;“'c b
Rounding in multiples of
5 45 1 1 1

o 45 60 2 1 1

60 100 5 1 2

100 200 s 2 5

280 300 10 2 10

o 500 10 5 10

506 560 10 5 20

560 600 Z0 5 20

600 800 20 10 .20

800 1400 20 26 20

1000 20800 50 50 50

2000 5000 180 100
20x10= SOx1om 1x10=
50x10° 100x 102 2x10=
100 x10= 200 x 10" S5x100
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Anrex B
Examples of the use of ISO 286-1

General

This annex gives examples in the use of the ISO gystem of limits and fits, in determining
the limits for shafts and holes. :
The numerical values of the upper and lower deviations for the more enerally used basic

size steps, fundamental deviations and tolerance grades have beenjcalculated and are
tabulated in AAD230206. .

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 in this Corporate Standard.

Review of special features

A summary of the features and factors which shall be taken into conaideration when -

uging this part of ISO 286 to derive upper and lower deviations for special cases 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 IT8 are provided only for basic sizes less than or
equal to 3 mm; i

~ 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 IT8 are only provided for basic sizes greater than 1 mm;

~ Hoales N of tolerance grades above IT8S are only provided for basic sizes greater
than 1 mm.

Examples

B.8.1 Determining the limits of size for a shaft ® 40g11

Basic size step: 30 to 15 mm (from table 4)
Standard tolerance = 160 um (from table 1)
Fundamental deviation = - 9 pm (from table 2)
Upper deviation = fundamental deviation = - 9 um
Lower deviation = fundamental deviation - tolerance = -9 - 160 um = -169 um
Limits of size:

Maximum = 40-0.009 = 39.991 mm

Minimum = 40-0.168 = 39.831 mm
Determining the limits of size for hole ® 130N4
Basic size step: 120 to 180 mm (from table 4)
Standard tolerance = 12 pm (from table 1)
Fundamental deviation = -27 + A pm (from table 3)
Value of A= 4 um (from table 3)

Upper deviation = fundamental deviation
=-27+4=-23 um

Lower deviation = fundamental deviation — tolerance
=-23-12um =-35 um o4

Limits of size; &

Maximum = 130-0.023 = 129.977 mm
Minimum = 130-0.035 = 129.965 mm




