
<PART NUMBER> <PART REVISION NUMBER> 

CORPORATE STANDARD 
AA7111128 
Rev No.06 
PAGE 1 of 3 

§ S 

^ s 

Ed 
& X -2 

^ a« 
S .5 

B o-

= 1 

^ ? 
<l 
3 

i 

BOLTS, HEXAGON HEAD, PRODUCT G R A D E 'A* COARSE PITCH, 
BRASS (M1.6-M10) 

1.0 D E S I G N A T I O N : 
A product GriA, hexagon head, brass bolt of nominal diameter 6mm, length 30mm, 
coarse pitch shall be designated as: 

1.1 O n Drawings : ' 
i) Material specification coliunn : AA7111128 
ii) Description Column : B O L T H E X A M 6 X 30-BR 

1.2 O n Indents: Bolt Hex A M 6 X 30 - Brass: AA7111128 

1.3 F o r i s su ing enquir ies a n d o n purchase orders : 
While issuing enquiries and purchase orders, enclose a copy of B H E L standard. 

2.0 C O M P L I A N C E W I T H S T A N D A R D S : 

2.1 Dimensions , Tolerances a n d G e n e r a l Requirements ^ 
As per B H E L standard AA7111128 

2.2 M a t e r i a l : 
Brass with minimum tensile strength 395 N/^im^ (395 MPzO as specified i n 
IS:319, G r . l orGr.2, Hal f hard (HB) 

2.2.1 These items are to be manufactured from extruded/ drawn sections only. 

2.3 Threads 
Pitch - coarse to IS:4218, Part 2 
Tolerance quality — Medium 
Tolerance class - 6g 

2.4 Ident i f i cat ion M a r k i n g : As stated in Clause 9 of IS: 1367, Part 3 

2.5 F i n i s h : Un-planted 

Revisions: 
Clause No. 31.4.0 of M O M of MRC-F 

A P P R O V E D : 
INTERPLANT MATERIAL RATIONALISATION 

COMMITTEE - MRC(F) 
Rev No.06 AmdNo. Reaffirmed Prepared 

HEEP, Haridwar 
Issued 

Corp .R&D 
Dt. of 1« Issue 
December 1976 Dt:02-07-2013 Dt: Year: 

Prepared 
HEEP, Haridwar 

Issued 
Corp .R&D 

Dt. of 1« Issue 
December 1976 
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CORPORATE STANDARD 

3.0 N O T E : 

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 B H E L standard AA0231800 ^ 

3.3 For tolerance grade, position and dass refer to standard AA0230201 

3.4 For product Gr.A, hexagon head brass bolts (M12-M24) refer B H E L standard 
A A 7 1 1 1 1 2 9 ^ 

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

3.6 Weights given in this standard are for general reference only and are not for 
^ commercial transactions. 

3.7 When fasteners are to be tested with in B H E L , the sampling and acceptance plan 
shall be as per IS:1367, Part 17 

4.0 R E F E R R E D S T A N D A R D S (Latest pub l i cat ions i n c l u d i n g amendment) : 

1) AA0230201^ 2) A A 0 2 3 1 8 0 0 ^ 3) AA0231850 4) AA7111129^ 
5) IS:319 6) IS:4218, Part 2 7) IS:1367, Part 3 & 17 

E X P L A N A T O R Y N O T E 

This standard was issued i n Dec. 1976 and was based on 18:1364-1967. Subsequently 
many changes have been agreed upon at International level and as a result ISO 4014-88 
was issued. Accordingly IS:1364 has also been revised i n line with ISO 4014 and issued 
in 2002 as part 1,2,3,4 & 5 

^'(Material "Brass" is not covered by IS:1367, Part 3. Hence reference of IS:1364, Part 1-
2002 is not indicated in AA7111128 

This revision i n AA7111128 has been taken up to incorporate the changes i n IS:1364, 
Part 1-2002 

I 
N 

t 

The fo l lowing changes have been made i n th i s r e v i s i o n : 
- Clause 2.2 **Material", has been modified i n accordance with IS:319-2007 
- Page-3, Table-1 and F i g . - l , has been modified and made more visible. 
- IS:1367, Part 3 & 17 added i n clause 4.0 
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s e e n o t e 2 

(b ) 

F d i i rrust be dmfered or fcr threads <M4 or 
may may be rolted(sheared end) 

— 

s 

^ N O T E : 
1) Corporate sub-codes are shown i n 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. 

T A B L E - 1 (All dimensions are i n 'mm') 

•Riread 
d 

Head Vtesher 
Thread 
Length 

b 

Nominal Lengtl ̂ { f) 
•Riread 

d 
Flats 

8 C m s 
e 

Min. 

Tlore 
k 

Max. 

Dia. 
dw 

Min. 

Tims 
c 

Max. 

Thread 
Length 

b 12 16 20 25 30 35 40 45 50 55 60 65 70 80 90 100 
•Riread 

d 

Min 

C m s 
e 

Min. Min. 

Dia. 
dw 

Min. Min. 

Thread 
Length 

b 12 16 20 25 30 35 40 45 50 55 60 65 70 80 90 100 

M l . 6 
3.20 

3.41 
1.23 

2.27 
0.25 

9 
S u b c o d e 

M l . 6 
3.02 

3.41 
0.98 

2.27 
0.1 

9 
Weight 

M 2 
4 

4 3 2 
1.53 

3.07 
0.25 

10 
S u b c o d e 

M 2 
3.82 

4 3 2 
1.28 

3.07 
0.1 

10 
W e i ^ 

M 2 . 5 
5 

5.45 
1.83 

4.07 
0.25 

11 
S u b c o d e 

M 2 . 5 
4.82 

5.45 
1.58 

4.07 
0.1 

11 
VUeight 

M 3 
5.5 

6.07 
2.12 

4.6 
0.4 

12 
S u b c o d e 

M 3 
5.32 

6.07 
1.88 

4.6 
0.15 

12 
Weight 

M 4 
7 

7.66 
2.92 

5.9 
0.4 

14 
S u b c o d e 

M 4 
6.78 

7.66 
2.68 

5.9 
0.15 

14 
Weight 

M 5 
8 

8.79 
3.85 

6 9 
0.5 

16 
S u b c o d e 010 

A M 5 
7.78 

8.79 
3.85 

6 9 
0.15 

16 
Weight 4.38 

M 6 
10 

11.05 
4.15 

8.8 
0.5 

1 8 
S u b c o d e 

M 6 
9,78 

11.05 
3.06 

8.8 
0.15 

1 8 
V\fetsht 

M 8 
13 

14.38 
5.45 

11.6 
0.6 

2 2 
S u b c o d e 

M 8 
12.73 

14.38 
5.15 

11.6 
0.15 

2 2 
Weight 

M 1 0 . 
16 

17.77 
6.58 

14.6 
0.6 

2 6 
S u b c o d e 

M 1 0 . 
15.73 

17.77 
B.22 

14.6 
0.15 

2 6 
Weight 

I 
\ 

1 



<PARTNUMBER> <PART REVISION NUMBER> X - ^ J . T'^/W?"^! 

CORPORATE STANDARD 

E 3 

1 s 
J 8 

E -5 -

H e.s 

g a J. 
O S -.H 
U S ° 

o 9 
§ « 

• S i 

I 

AA7111129 
Rev No.06 
PAGE 1 of 3 

BOLTS, HEXAGON HEAD, PRODUCT Gr.iA, COARSE PITCH, 
BRASS (M12-M24) 

l .p D E S I G N A T I O N : 
A product Gr.A, hexagon head, brass bolt of thread size 20mm, length 100mm, 
coarse pitch shall be designated as: 

1.1 O n D r a w i n g s : 
(1) Material specification column : AA7111129 
(2) Description Colimin : B O L T H E X A M16X60 - B R 

1.2 O n Indents: Bolt Hex A M16 X 60 - Brass: AA7111129 

1.3 F o r i s su ing enquir ies a n d o n purchase orders : 
While issuing enquiries and purchase orders, enclose a copy of B H E L standard. 

2.0 C O M P L I A N C E W I T H S T A N D A R D S : 

2.1 Dimensions , Tolerances & G e n e r a l Kequ i rements 
As per B H E L standard AA7I11129 

2.2 M a t e r i a l : 
Brass with minimum tensile strength 395 N/mm^ (395 MPa) as specified i n 
18:319, Gr. 1 or Gr.2, Hal f hard (HB). 

2.2.1 These items are to be manufactured firom extruded/ drawn sections only. 

2.3 Threads . j 
Pitch - coarse to IS:4218, Pjlrt 2 
Tolerance quality - Medium 
Tolerance class - 6g 

2.4 Ident i f i cat ion M a r k i n g : As stated in Clause 9 of IS: 1367, Part 3 

2i5 F i n i s h : Un-planted 

Revisions: 
Clause No. 31.4.0 of MOM of MRC-F 

A P P R O V E D : 
INTERPLANT MATERIAL RAT 

( X ) M M l ' r r E E - M R 
[QNALISATION 
C(F) 

Rev No.06 Amd No. ReafBrmed Prepared 
HEEP, Haridwar 

Issued 
CorpJl&D 

Dt. of 1"* Issue 
January 1977 Dt:02-07-2013 Dt: Year: 

Prepared 
HEEP, Haridwar 

Issued 
CorpJl&D 

Dt. of 1"* Issue 
January 1977 

( 

V 
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CORPORATE STANDARD 

3.0 N O T E : 
^ 

3.1 Length and diameter combination (refer to Table-1 on page 3 of 3) between the 
bold hnes should only be used. -

3.2 For screw threads, general (Metric) refer to B H E L standard AA0231800 

3.3 For tolerance grade, position and class refer to B H E L standard AA0230201 

3.4 For product Gr.A, hexagon head brass bolts (M1.6-M10) refer B H E L standard 
AA71H128 

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

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

3.7 When fasteners are to be tested with i n B H E L , the sampling and acceptance plan 
shall be as per IS: 1367, Part 17 

4.0 R E F E R R E D S T A N D A R D S (Latest pub l i ca t i ons i n c l u d i n g amendment) : 

1) AA0230201 2) AA0231800 3) AA711128 4) AA0231850 

5) IS:319 6) IS:4218, Part 2 7) IS: 1367, Part 3 & 17 

E X P L A N A T O R Y N O T E 

This standard was issued i n Jan . 1977 and was based on IS: 1364-1967, Subsequently 
many changes have been agreed upon at International level and as a result ISO:4014-88 
was issued. Accordingly IS:1364 has also been revised i n line with ISO:4014 and issued 
in 2002 as part 1,2,3,4 & 5 

Material "Brass" is not covered by IS: 1367, Part 3. Hence reference of IS: 1364. Part 1-
2002 is not indicated in AA7111129 

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

The fo l lowing major changes have been made i n th i s r e v i s i o n : 
(1) Clause 2.2 "Material", has been modified i n accordance with 18:319-2007 
(2) Page-3, Table-1 and F ig -1 , has been modified and made more visible. 
(3) IS:1367, Part 3 & 17 added i n clause 4.0 
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Pomt must be chamfered or for ibreads < M4 or 
1^ ^ ^ rolled (sheared end)-

C1 
See Note 3 

F i g - 1 

Table - 1 A l l dimensions i n *mm' 

Ttiread 
d 

Head Washer Length (0 

Ttiread 
d 

s 
Max. e 

Mm. 
k 

Norn. 
dw 

c 
Min. 

45 50 55 60 65 70 80 I 90 100 110 120 130 140 150 
Ttiread 

d 
s 

Max. e 
Mm. 

k 
Norn. 

dw 
c 

Min. b 
Ttiread 

d 
s 

Max. e 
Mm. 

k 
Norn. 

dw 
c 

Min. 
S u b c o d e 

Ttiread 
d 

Min 

e 
Mm. 

k 
Norn. 

dw 

Max. Wsighti(gper10Q0^4os 

M12 
18 

20.03 7.5 16.6 
0.15 

M12 
18 

20.03 7.5 16.6 
0.15 

M12 
17.73 

20.03 7.5 16.6 
0.6 

M12 
17.73 

20.03 7.5 16.6 
0.6 

M16 
24 

26.75 10 22.5 
0.2 

38 38 

M16 
24 

26.75 10 22.5 
0.2 016 

A 
D32 M16 

23.67 
26.75 10 22.5 

0.8 
016 

A 
D32 M16 

23.67 
26.75 10 22.5 

0.8 
119 140 

M20 
30 

33.53 12.5 28.2 
0.2 

54 

M20 
30 

33.53 12.5 28.2 
0.2 

024 M20 
29.67 

33.53 12.5 28.2 
0.8 

024 M20 
29.67 

33.53 12.5 28.2 
0.8 

297 

M24 
36 

39.98 15 33.6 
0.2 

M24 
36 

39.98 15 33.6 
0.2 

M24 
35.38 

39.98 15 33.6 
0.8 

M24 
35.38 

39.98 15 33.6 
0.8 

I 
\ 
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DEWENSIONS FOR SCREW THREAD RUNOUTS AND UNDERCUTS 

1.0 S C O P E 
This standard covers the dimeii^ions for runouts and undercuts for external and internal 
metric screw threads with pitches 0.2 to 6 mm. f 

2.0 C O M P L A N C E W I T H S T A N D A R D S 
This standard is technically identical to IS: 1369-1993/ Reaffirmed 2008 

3.0 R U N O U T S 
3.1 Runouts, whenever it occurs, shall include the washout threads and clearance, where a 

clearance is required. 
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 shaU 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 U N D E R C U T S 
4.1 Undercuts for External Threads - The form of undercut illustrated in Table-1. Two 

values of width of undercuts fi and are provided. Width fi is the clear width and is the 
width upto the latest foil form thread. These v£ilues 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 ,TablQ-2. Two 
values of width of undercuts fi and are provided. Width fi is the clear width and ^ 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 

5.0 G U I D E F O R A P P L I C A T I O N 
Guidelines for application of thread runout and undercut values are given in Notes Table 
land 2. 

6.0 R E F E R R E D STAND \RDS (Latest pubHcations including Amendments) 
1) Nil 

Hevisions: As per clause 18.3 of MOM of 
PGC-DOP+BES 

A P P R O V E D : 
PROCEDURAL GUIDEUNES COMMITTEE -

PGC (DOP+BES) 
Rev. No. 02 Amd. No. Reaffirmed Prepared 

HEEP, Haridwar 
Issued 

Corp. R&D 
Dt. of 1* Issue 

01-03-1977 Dt: 09-02-2015 Dt: Year: 
Prepared 

HEEP, Haridwar 
Issued 

Corp. R&D 
Dt. of 1* Issue 

01-03-1977 
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TABLE-1 DIMENSIONS FOR B U N D H O L E PROJECTION AND UNDERCUTS 
FOR INTERNAL THREADS 

(Clauses 3.2 and 4.1) 
A l l dimension in miUimetres 

SHANK D U "THREAP DIA 

14 

SHANK DIA - M C H D U 

6 SaANKDU =• MAJOB DU 

b ^ 

T3 

MACHINED THREAD ROLLER THREADS 

3̂ 

PARTS THREADED UPTO HEAD 

a ' 

T3 

T H R E A D E D U N D E R C U T 

a - distance &om last 6ill thread to contact lace 
b = length of full thread 
X = thread runout 

b ^ 

-•a 
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Thread Runout Runout Distance Thread Undercut f 

P i t d i 
X 

M a x 
a 

M a x 
g fl 

M i n . Max. 
P Normal Short Normal Short Long h l 3 Short Short r 

(see (see (see (see (see (see Normal (see Normal (see <v 
N o t e l ) Note 2) Note 3) Note 4^ Note 5) Note 6) N o t e ? ) Note 7 ) 

0.2 OS 0.25 0.6 0.4 0.8 d-0.3 0.45 0.25 0.7 0 5 0.1 
0.25 0.6 0.3 0.75 0 5 1 d-0.4 0 5 5 0.25 h 0.6 0.12 
0 3 0.75 0.4 0.9 0.6 1.2 d - 0 5 0.6 0 3 1H)S 0.75 0.15 

0 3 5 0.9 0.45 1.05 0.7 1.4 d-0.6 0.7 0.4 1.2 0.9 . 0.17 
0.4 i 0 5 1.2 0.8 1.6 d-0.7 0.8 0 5 1.4 1 0 2 

0.45 1.1 0.6 1 3 5 0.9 1.8 d-0.7 1 0.5 1.6 1.1 0 2 2 
O.S 1.25 0.7 1 5 1 2 d-0.8 1.1 0 5 1.75 1.25 0 2 S 
0.6 I S 0.75 1.8 1.2 2.4 d-1 1.2 0.6 2.1 1 5 0 3 
0.7 1.75 0.9 2.1 1.4 2.8 d-1.1 1 5 0.8 2.45 1.75 0 3 5 

0.7S 1.9 1 2.25 1 5 3 d-1.2 1.6 0.9 2.6 1.9 0.4 
0.8 2 1 2.4 1.6 3.2 d - 1 3 1.7 0.9 2.8 2 0.4 
1 2 5 1.25 3 2 4 d-1.6 2.1 1.1 3 5 2 5 0 5 

1.25 3.2 1.6 4 2 5 5 d-2 2.7 1 5 4.4 3.2 0.6 
1.5 3.8 1.9 4 5 3 6 d - 2 3 3.2 1.8 5.2 3.8 0.75 

1.75 4 3 2.2 5 3 3 5 7 d-2.6 3.9 2.1 6.1 4 3 0.9 
2 5 2 5 6 4 8 d-3 4.5 2 5 7 5 1 

2 S 6 3 3 2 7 5 5 10 d - 3 5 5.6 3JZ 8.7 6 3 1.25 
3 7 5 3B 9 6 12 d-4.4 6.7 3.7 1 0 5 7.5 1 5 

3 5 9 4.5 1 0 5 7 14 d-5 7.7 4.7 12 9 1.75 
4 10 5 12 8 16 d-S.7 9 5 14 10 2 

4 5 11 5 5 1 3 5 9 18 d-6.4 1 0 5 5 5 16 11 2.25 
5 1 2 5 6 3 I S 10 20 d-7 1 1 5 6.5 1 7 5 1 2 5 2.5 

5JS 14 7 1 6 5 11 22 d-7.7 1 2 5 7 5 19 14 2.75 
6 15 7 5 18 12 24 d-8.3 14 8 21 15 3 

Indicated 
dimensions 

approximately 
correspond to 

2 5 P 1.25P 3P 2P 4 P - - 3 5 P 2 5 P p 5 P 

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

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

Note 3- Distance a normal for all types of screws in product Grade A. 
Note 4- Distance a short for special cases in which for technical reasons a short distance 

is necessary. 
Note 5- Distance a long for all types of screws in product Grades B and C. 
Note 6- Tolerance zone hl2 for ̂  for threads up to 3 mm nominal diameter. 
Note 7- Undercut short is for special cases. This short undercut requires special tools 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 manufactiu^ 

3 
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T A B L E 2 DIMENSIONS FOR THREAD RUNOUTS AND UNDERCUTS FOR 
E X T E R N A L THREADS 

(Clauses 3.3 and 4.2) 
Al l dimension in millimetros 

nOEAO UNOERCUT 
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Bl ind Hole Proiection 
e Tl iread Undercut 

Pitch 
P Nonnal Short Long S 

fl 
M i n . 

6 
Max. 

r 
X 

Nonnal Short Long H13 Normal Short 
(see Note) Normal Short 

Csee Note) 
0 2 

0 2 5 
0.3 

1 3 
1 5 
I B 

0.8 
1 

1.2 

2 
2.4 
2.9 

d+0.1 
d+0.1 
d+0.1 

0.8 
1 

1.2 

0 5 
0.6 

0.75 
1.4 f 
1.6 * 

0.9 
1 

1.25 

0.1 
0.12 
0.15 

0 3 5 
0.4 
0.45 

2.1 
2 3 
2.6 

1 3 
1 5 
1.6 

3 3 
3.7 
4.1 

d-M).2 
d + Q 2 
d + Q 2 

1.4 
1.6 
1.8 

0.9 
1 

1.1 

1.9 ' 
2 3 
2.4 

1.4 
1.6 
1 7 

0.17 
0 3 

0 3 2 
OS 
0.6 
0.7 

2.8 
3.4 
3.8 

1.8 
2.1 
2.4 

4 5 
5.4 
6.1 

d+0.3 
d + 0 3 
d + 0 3 

2 
2.4 
2.6 

1.25 
1 5 

1 7 5 

2.7 
33 
3.8 

2 
2.4 

2.75 

0.25 
0 3 

0 3 5 
0.75 
0.8 
1 

4 
4.2 
S . l 

2 5 
2.7 
3 2 

6.4 
6.8 
8.2 

d + 0 3 
d+0.3 
d + 0 5 

3 
3.2 
4 

1.9 
2 

2 5 

4 
4 2 
5 2 

2.9 
3 

3.7 

0.4 
0.4 
0 5 

1 2 5 
I S 

1.75 

6.2 
7 3 
8 3 

3.9 
4.6 
5 2 

10 
1 L 6 
1 3 3 

d + 0 5 
d+05 
d + 0 5 

5 
6 
7 

3 2 
3JB 
4 3 

6.7 
7.8 . 
9.1 

4.9 
5.6 
6.4 

0.6 
0.75 
0.9 

2 
2 S 
3 

9 3 
11.2 
13.1 

5.8 
7 

8.2 

14.8 
17.9 
21 

d + 0 5 
d + 0 5 
d + 0 5 

8 
10 
12 

5 
6 3 
7 5 

- 1 0 3 
13 

15.2 

7 3 
9 3 
10.7 

1 
1 3 5 
1 5 

3 5 
4 

45 

15.2 
16.8 
18.4 

9.5 
1 0 5 
1 1 5 

2 4 3 
26.9 
29.4 

d + 0 5 
d + 0 5 
d + 0 5 

14 
16 
18 

9 
10 
11 

17.7 
20 
23 

12.7 
14 
16 

1.75 
2 

2 3 5 
5 

5 5 
6 

2 0 3 
22.4 
24 

13 
14 
15 

333 
35.8 
3a4 

d + 0 5 
d+0.5 
d + 0 5 

20 
22 
24 

1 2 5 
14 
15 

26 
28 
30 

1 8 5 
20 
21 

2 5 
2.75 

3 
Indicated 

dimensions 
approximately 
correspond to 

6 3 P 
To 
4 P 

4 P 
To 

2 5 P 

l O P 
To 

6 3 P 
- 4P 2 5 P - - 0 5 P 

Note- The undercut short is for special cases. 
*RecoTamended permusible tolerance for calculated distance t i ^ Q ^ ^ 

t The countersimk angle D will normal^ be 120°_IQ. in special cases it may be 90°. For 
studs with runout and for centre holes an a i ^ e of GO** is recommended, while for studs in 
light metal a counter bore it recommended. 
I The value of transition an^e a for the range between fi and £z shall be 30* to 60** 
depending on the method of thread manufacture. 
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SCREW THREADS - GENERAL (METRIC) 

1.0 S C O P E : 

2.0 

3.0 

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

C O M P L I A N C E W I T H S T A N D A R D S : \ 
This standard ia based on IS: 4218, Part 1-2001, IS: 4218. Part 2-2001. IS: 4218, Part 4-
2001 

B A S I C P R O F I L E : 
The basic profile of threads shall be as shown befow 

FORDETAIIS, 
REFER aAUS£-9 

H = ^ » 0 . 8 6 6 0 2 S P 
J H - 0341266P 
^ > 0 J 2 4 7 6 0 P 
H/4 = 0.21650eP 
H/8 - 0.10e2S3P 

4.0 T H R E A D E D S E R I E S : 
The following are t l ^ threaded series existing in the metric ^stem. 

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) 

4.2 FixK thread series 
In fine threaded series alao the pitch varies with the change in diameter but is finer than 
the coarse series (see also 6.2.2) 

RevisionsAs per Clause 18.7 of 18*̂  M O M 
ofPCzC-DOP+BES 

A P P R O V E D : 
PROCEDURAL GUIDEUNES COMMl-^rEE -
« PGC(DOP+BES) 

Rev. No.03 Amd. No. Reaffirmed Prepared 
HEEP, Haridwar 

Issued 
Corp. R&D 

Dt. of 1*̂  Issue 
01-03-1977 Dt:02-01-2014 Dt: Year:2015 

Prepared 
HEEP, Haridwar 

Issued 
Corp. R&D 

Dt. of 1*̂  Issue 
01-03-1977 



<PART N U M B E R > <PART REVIS ION N U M 8 E R > 

N 
I 
M 

AA0231800 
Rev. No.03 

PAGE 2 of 5 
CORPORATE STANDARD 

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

6.0 DESIGNATION: 

5.1 The complete designation of screw thread comprises a designation for the threioded 
system, size and a designation for the thread tolerance class. \ 

5.2 Thread System and Sizes: The size of the screw thread shall be deaignated by the letter 
IVf followed by the diameter and the pitch, the two being separated by sign X 
For exaiiq>le: M64 x 4 
Where M signifies metric thread of ISO profile, 64 is the nominal diameter and 4 
represents Uie 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 tokrance dass designation indudes a class designation for the 
pitch diameter tolerance. 
Each class designation consists of: 

a) A figure indicating the toler£mce grade. 
b) A letter indicating the tolerance position, capital letters for nut (internal) threads 

and small letters for bolt (external) threads. 
E X A M P L E S : 
i) Nut (Internal) Threads: M64 - 6H 

Which identifies as internal thread of 64 mm nominal diameter in the coarse thread 
aeries having 6H as the tolerance class 
M 2 4 x 2 - 6 H 
Which identifies s internal thread of 24 mm nominal diameter in the fine t h r e ^ series 
having 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 dass 
M 2 4 x 2 - 6 g 
Which identifies as external thread of 24 mm nominal diameter in the fine thread 
series having 2 mm as the pitch and 6g as the tolerance class 
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6.0 SELECTION AND APPLICATION 

6.1 Selection 
6.1.1 In the interest of economy, designers s^otdd preferably select metric threads having 

either coarae or fine pitch series such that only these pitches are used for which tools and 
gauges stocked in varioiu divisions. 

6.1.2 Threads which are different fivmi the standard graded pitch series le.g.: coarse or fine 
entail the design and manufacture of special threading tools and gauges with consequent 
increase in cost. Therefore first preforenoe should always be given to the standard coarse 
or fine series before selectii^ one of the standard constant pitch series. 

6.2 Apphcation: The chccU^ of coarse or fine thread series usually involves consideration of 
the foUowin^: 

6.2̂ 1 Coarse threads: The coarse thread gives a good resistance to stripping. It is suitable for 
threaded fasteners and for general use where the wall thickness can accommodate the 
thread dimensions. 
It is particularly advantages for use with t h e lower tensile strength materials such cast 
iron, mild steel and other softer matermls (Brass, Aliuniniiun, plastics etc.), it is also 
suitable for appUcatiions involving rapid assembly, removal or situation subjected to slight 
corrosion or damage i.e. for ro\;^ use. 

6.2.2 Fine threads: The fine thread is recommended for all appHcations where a finer pitch is 
required. It is suitable for threaded fasteners wlwre in static appUcations. It is iiecessary 
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 l ez^h d engagement is adequate. 

6.2.3 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 adjustii^ collars, retaining nuts, 
thin nuts etc. on compact design work (also refer clause 6.1.2). 

6.S Diameter/ Pitch Omibination: 
6.3.1 Combi^tions of diameter^itch recommended for use are given in Table-1. 
6.4 Unless o^rwise sped&d. threads to this etandani shall be right handed. Whenever L . H . 

threads are required to be used, it should be done only consultation with standard-cell of 
respective ^^ivision. 
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7.0 COATED THREADS: 
7.1 For coated threade, the tolerancee appty to the parte before coating if not otherwise 

stated. After coating, the thread shall not transgress the maximtim material limits for 
position *iV or 'h' respectively. 

8.0 CLASS OF FIT: 
8.1 Three classes of fit for metric screw threads; generally designated as fi^, mediimi and 

coarse have been provided for in the ISO metric screw thread system. 
The genial rule for the choke of thread class can be stated as follows:-
Fire: 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 corrosive 
condition, tolerance class 7H/8g), also ^tplicable in case of production Ghrade ' C bolts, 
screws and ants) 

8.2 IT IS REC(»ilMENDED TO USE MEDIUM CLASS FIT i.e. 'Tol. dass 6H/6g in general, 
other tolerance dass may be used after approval of îqppropriate authority at respective 
divisions. 

8.8 Whercr no Udftranoes are specified, tolerance class 6H and 6g will be apphcaUe for 
nuts/bolt threacl^ req>ectively. 

9.0 DiTTAILS OF BASIC PROFILE [Ref. Clause 3] 
Where ^ 
D is the basic x a a ^ diameter of internal thread (nominal diameter) 
d is the basic maia^diaineter of external thread (noniinal diameter) 
Ds is the basic pitch ^meter of internal thread 
dsr is the basic pitch dl^nneter of external thread 

* DI ie^3ehasic minco* cl^t^ter (tf internal thread 
di is th& basic miaordiu^ter of external thread 
H is the hei(^<3f fundfltm^tal triangle 
P iat^pi ladi ^ 

10.0 REFERRED STANDARDS (Lptest publicatioxis induding amendment) 
NU . . 
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TABLE-1 RECOMMENDED PITCH DL\B£BTER COMBINATIONS 

NORI PITCHES 
dia Coarse Fine 

(mm) Coarse 6 4 3 2 I S 1.25 1 0.75 OS 035 0.25 0.2 
1 0.25 0.2 

1.2 0.25 02 
1.6 035 0.2 
2 0.4 0.25 

2.5 a45 035 . 
3 05 0.35 
4 a? , OS 
5 0.8 as 
6 . 1 k 

•t 
a75 

8 1.25 * 1 0.75 
10 1.5 1.25 1 a75 
12 1.75 US 1.25 i • 

16 2 I S 1 
20 2.S 2 I S 1 
24 3 2 I S 1 
30 3.5 2 1.5 1 
36 4 3 2 J,.5 
42 43 - 4 3 2 15 
4 8 5 4 3 2 1.5 
56 5.5 4 3 2 1.5 
64 6 4 3 2 1.5 
72 6 3 2 1.5 
80 6 3 2 I S 
90- 6 4'̂  3 2 

6 4 V 3 2 
6 4 2 

125 6 4 2 
140 6 2 
160 6 . 3 \ 
180 4 3 \ 

6 4 '3 \ 
"220 ' 6 4 3 \ 
250 6 4 3 \ 
280 4 3 
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2.0 

3.0 

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

1.0 S C O P E 

This porp<£>rate standard gives the bases of the ISO system of limits a i ^ fits together with 
the tialouh^d- values of the standard toleraxuss and fiindamental deviations. These 
values shall'be taken as authoritative for the application of the system (see also clause 
A l ) 
This porperata/dttmdajnl. also gives terms and definitions together with associated 
symbtds. \"y 
This corporate standard is ^sed on IS: 919 Part 1-1993/Reaffirmed 2008 (ISO 286-1) | 
The hole basis system shall be used in B H E L . 

FIELD O F A P P U C A T I O N 

The ISO system of hmits and fits provides a system of tcderances and deviations suitable 
for plain work pieces. 
For simplicity and also because of the importance of cylindrical work pieces of drctdar 
section, only these are referred to expUdtly. 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 £stces (or tangent planes) of any work piece, 
such as the width of a dot or the thickness of a key. 
The system also provides for fits between mating cylindrical features or fits between work 
pieces having features with parallel faces, such as the fit between a key and keyway, etc. 
NOTE - It should be noted that the system is not intended to provide fits for work piece 
with features having other than simple geometric forms. . . 
For the purposes of this Corporate Standartl, a simp^ geometric form consists of a 
cylindrical surface area or two parallel planes. 

R E F E R R E D STANDARDS 

Note — See also dause 10. 
ISO 1 Standard reference temperature for industrial length measurements. 
AA0230206 (ISO 286) ISO system of Hmits and fits - part 2: Tables of standard tolerance 
grades and limit deviations for holes and s h a ^ . 
ISO/R 1938, ISO system of limits and fits - Inspection of plain work pieces*> 
ISO 8015 IS: 12160 Technical d r a w i i ^ - Fundamental tolerandng prindple. 

Revisions: As per Clause 18.7 of 18* M O M 
of PGC-DOP+BES 

APPROVED: 
P R O f E D U R A L GUIDELINES COMMITTEE -

j j PGC (DOP+BES) ' 
Rev. No. 02 
Dt: 02-01-2014 

Amd. No. 
Dt: 

Reaffirmed 
Year. 2015 

Prepared 
H E E P , Haridwar 

Issued 
Corp. R&D 

Dt. of 1«* Issue 
01-03-1977 
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4.0 TERMS AND DEFINITIONS 
For the purposes for this Standard, the following terms and definitions apply. It should he 
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. 

4.2 Hde 
A term used, according to convention, to describe an internal feature of a work piece, 
including features which are not Qrlindrical (see also clause 2) 

4.2.1 Basic hole 
H(de chosen as a basis for a hole-basis system of fits (See also 4.11.2) 
For the purposes of the ISO system of limits and fits, a hole the lower deviation of which 
is zero. 

4.8 Size 
A niunber expressing, in a particular unit, the numerical value of a linear dimension. 

4.3.1 Basic S i z e ; nominal size 
The size &om which the limits of size are derived by the appUcation of the upper and 
bwer deviations (see figure 1). 

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

4.8.2 Actual size 
The size of a feature, obtained by measiurement. 

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

4.3.5 Limits of size 
The two extreme permissible sizes of a feature, between which the actual size should he, 
the limits of size being included. 

4.3.5.1 Maximum limit of size 
The greatest permissible size of a feature (see figure 1) 

4.3.3.2 Minimum limit of size 
The smallest permissible size of a feature (see fig«^ 1) 
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Limit System 
A system of standardized tolerances and deviations. * .. 
Zero line 
In a graphical representation of limits and fits, the straight line, representing the basic 
size, to which the deviations and tolerances are referred (see figiire 1), 
According to convention, the zero line is drawn horizontally, with|p08itive deviations 
shown above and negative Deviations below (see figure 2). 

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

The algebraic difference between a size (actual size, Umit of size, etc) and the 
corresponding basic size. 
Note:- Symbc^ for dtalt deviations are lower case letters (es, ei) and symbols for hole 

* deviations are upper case Letters (£S, £ / ) (see figure 2). 
4.6.1 Limit deviations ^ 

Upper deviation and lower deviation. 
4.6.1.1 Upper deviation (ES, es) 

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

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

4.6.2 Fundamental deviation 
For the purpose of the ISO system of l imit f^nd fits, tiiat deviation which defines the 
position of the tcderance zone, i n relation tatthe zero l iz^ (see figure 2). 
NOTE: This may be either the iq>per or lower deviation, but, according to convention, the 
fiindamental deviation is the one nearest the zero line. 
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4.7 Size tolerance 
The difierenoe between the maximinn limit of size and the minimum Hmit of s ^ i.e. the 
difference between the upper deviation and the lower deviation. 
NOTE: The tolerance is an absolute value without sign. 

^ S l r e 

ZeroMne 14. St 

Wpper 
devistien 

14.9.1.11 

1 
Figure 2 - Conventional representation of a tolerance zone 

4.7.1 StaM«r4 tolerance (IT) 
For the purpose of the ISO s y s t e m of limits and fits, any tolerance belonging to this 
system. 
NOTE: The letters of the symbol IT stand for "Interiiational Tolerance" grade. 

4̂ 7.2 Standard toteranee grades 
For the purpose of the ISO system of limits and fits, a group of tolerances (e.g. IT7), 
considered as ooixeeponding to the same level of accuracy for all basic sizes. 

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

4.7.4 Tolerance claaf 
The term used fi>r a combination of fundamental deviation and a tolerance grade, e.g. h9, 
D13 etc. 

4.7.5 Standard tolerance factor (i, I) 
For the purposes of the ISO system of limits and fits, a foctor which is a fiinction of the 
basic size, and which is used as a basis for the deterpiination of the standard tolerances of 
•the system. 
Notes ^ 

A l T h e standard toleraxKe fector i is appffed to basic sizes less than or equal to 500 
nun. 

0 
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A.2The standard tolerance factor / is applied to basic sizes greater than 500 mm. 
4.8 Clearance •**•*• 

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

Figure 9 - Clcsraacs 

4.8.1 Minimuni Clearance 
In a clearance fit, the positive difference between the minimum limit of size of the hole 
and the maximum Umit 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 miTiinmim limit of size of the shaft (see figures 4 and 5). 

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

4.9.1 Minimum Interference 
In an interference fit, the negative difference, before assembly, between the maximiun 
limit of size of the hole and the minimum limit of size of the shaft (see figure,?). 

X 
at 

zzzzzzzz2za 

Figttfc 4 - Ocar«acc fit 
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Figures - Traiuition fit 

' Inlvrfvffvnce 14. 

Figure 6 - Interferexice 
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 
a n d 7 ) . 

4.10 Fit 
The relationship resulting from the difference, b|||)re assembly, between the sizes of the 
two features (the hole and the shaft) which a r ^ o be assembled. 
NOTE: The two mating parts of a fit have a common basic size. 
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. Figure 7 - Interference fit 
4.10.1 Clearance fit 

A fit that always provides a clearance hetween the hole and shaft when assembled, i.e., 
the minimum size of the hole is either greater than or, i n the extreme case, equal to the 
maximiun size of the shaft (see Figure 8). 

Figure 8 - Schematic representation of clearance fit 
4.10.2 Interference fit 

A fit which everywhere provides an interference between the hole and shaft when 
assembled, i.e. the maximum size of the hole is either smaller than or, i n the extreme 
case, equal to the minimum size of the shaft (see figiure 9). 

Figure 9 - Sdiematic representation of interference fits 
4.10.3 Transition fit 

A fit which may provide either a tolerance or an interference between die hole and shaft 
when assembled, depending on the actual sizes of the hole and shaft, i.e. the tolerance 
zones of the hole and the shaft overlap completely or i n part (see figure 10). 



<PART N U M B E R > < P A R T R E V I S I O N NL; .1SER> 

AA0230201 
Rev. No. 02 CORPORATE STANDARD 
PAGE 8 of 31 

N 

I 

Sli«h 

Shah 
Figure 10 - SchematiG representation of transition fits \ 

4.10.4 Variaticm 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 shafts and holes belonging to a limit system. 

4.11.1 Shaft basis system of fits ,̂  
A system of fits in which the required deazances or interferences are obtained by 
associating holes of various tolerance dasses with shafts of a single tolerance class. 
For the piuT)08es of the ISO system of limits and -fits, a system of fits in which the 
maadmum limit of size of the shaft is identical to the basic size i.e. the upper deviation is 
zero (see ̂ u r e 11) 

i MA, 
mnmwm\ 

Fisure II - Shaft-b«is sytten of fits 
NOTES: 
1) The horizontal continuous line represent the fundamental deviations for holes or 

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

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

4.11.2 Hole - basis system of fits 
A system of fits in which the required c leanups or interferences are obtained by 
associating shaft of various tolerance classes virifh holes of a sizzle tolerance dass. 
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For the pxirposes of the ISO system of limits and fits, a system of fits i n which the 
minimum limit of size of the hole is identical to the basic size. i.e. the lowei* deviation is 
zero (see figure 12). 

1) The horizontal continuous hnes represent the fimdamental deviations for holes or 
shafi». 

2) The dashed lines represent the otl^r limits and show the possibihty of different 
combinations between holes and shafts, related to their grade of tolerance (e.g. H6/h6. 
H6/js5, H6/p4). 

4.12 Maximum material limit (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. lThe 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 UmitT 
4.18 Least material limit (LML) 

The designation appHed to that of the two limits of size which corresponds to the 
minimiun material size for the feature, i.e. 
1) The minimum (Lower) hmit of size for an external feature (shaft) 
2) The maximum (Upper) limit of size for an internal feature (hole) 
Note - Previously called "NOT GO limit" 

Figure 12 - Hole-basis system of fits 
NOTES: 
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5.0 SYMBOLS, DESIGNATION A N D I N T E R P R E T A T I O N O F T O L E R A N C E S , 
DEVIATIONS A N D FITS 

5.1 Symbols 
5.1.1 Standard tolerance grades 

The standard tolerance grades are designated by the letters IT followed by a niunber, e.g. 
IT7. When tolerance grade is associated with (a) letter(s) representing^ a fundamental 
deviation to farm a tolerance class, the letters IT are omitted e.g.hT. 
N O T E - The ISO system provides for a total of 20 standard tderance grades of which 
grades I T l to IT18 are in general use and given in the main body of the standard. Grades 
ITO and ITOl, which are not in general use, are given in annex A for information 
pmposes. 

5.1.2 Deviations 
5.1.2.1 Position of tolerance Zone 

The position of the toteranee zone with respect to the zero line, which is a fiinction of the 
basic size, is designated by (an) upper case letter(8) for holes (A....ZC) or (a) lower case 
letter(8) for shafts (a....zc) (see figures 13 and 14). 
NOTE - To avoid confusion, the following letters fere not used: 
1.1; L. 1; 0. o; Q, q; W, w 

6.1.2.2 Upper deviations 
The upper deviations are designated by the letters "^S" for holes and the letters "es" for 
shafis. 

6.1.2.3 Lower Deviations 
The lower deviati<ms are designated by the letters " E F for holes and the letters "ei" 

y shafts. 
4>S Designation 
5.2.1 Tolerance class . . . . 

. A tolerance class shall be deaignated by the letter(s) representing the fundamental 
deviation followed by the number representing the standard tolerance grade. 
Examples: ^ 

H7 (holes) 
h7 (shafts) 

6.2.2 Toleranced sice 
A tolerance size shall be designated by the basic size followed by the designation of the 
required tolerance class, or the explicit deviations. 
Example: 

32H7 
8()jsl5 ^ 
lOOgO « 
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ATTENTION - In order to distinguish hetween holes and shafts when transmitting 
information on equipment with limited character sets, such as telex, the desi^oation shall 
be prefixed by the following letters: 
1) H orb holes; 
2) S or s for shafî s 
Examples: ^ 

50H5 becomes H50H5 or h50h5 
50h6 becomes S50H6 or 850h6 

Tius method of designation shall not be used on drawings. 
5.2.3 F i t 

A fit reqtiirement 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 fat the shaft. 
Examples: 

52H7/g6or52^ 

ATTENTION: In order to diHtingxiiwh 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 8 for shafis; 
c) and the basic size repeated 
Examples: 

52H7/g6 becomes H52H7/S52G6 or h52h7/s52g6 
. This method of designation shall not be used on drawings. 
5.3 Interpretation of a td^ance size 
5.3.1 Tolerance indication in accordance with ISO 8015 ^ 

The tolerances for work pieces manufoctured to drawings marked with the notation, 
Tolerandng ISO 8015, shall be interpreted as indicated in 5.3.1.1 and 5.3.1.2 



<PART N U M B E R > <PART REVIS ION NUI.^BER> 

AA0230201 
Rev. No. 02 
PAGE 12 of 31 

CORPORATE STANDARD 

0-̂  > 

{3 

I 

9S 
i l l 

» I 
7 " 

M A P 

1. 

III tMfll UvMMVtd iMMrtri 
V . I 

i 
• 

• 

NOTES: 
1) According to convention, the fundamental deviation is the one defining the nearest hmit to 

the zero hne. 
2) For details concerning fundamental deviations fi>r J/ j , K/k, W m and N/n, see figure 14. 

Figmre 13 - Schematic representation of the position of fundamental deviations 
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6.8.1.1 Linear size tolerances 
A linear size tolerance cc-atrols only the actual local sizes (two point measurements) of a 
feature, but not its form deviations (for example circularity and straightness deviations of 
a cylindrical feature or flatness deviations of parallel surfaces). There is no control of the 
geometrical interrelationship of individual features by the size tolerances. (For further 
information, see ISO/R 1938 and ISO 8015). 

5.3.1.2 Envelope requirement \ 
Single features, whether a cylinder, or established by two parallel planes, having the 
function of a fit between mating parts, are indicated on the drawing by the symbol ® in 
additimi 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 single features is the norm and therefore this is not 
indicated separately on the drawing. 

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

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

^ FOT shafts 
The diameter of the smallest perfect imaginary cylinder, which can be circumscribed 
about the shaft so that it just contacte 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 i f a work piece is everywhere at its 
maximum material limit, that work piece should be perfectly round and straight, i.e. a 
perfect cylinder. 
Unle^~ otherwise specified, and subiject to the above requirements, departures from a 
perfect cylinder may reach, the fiill value of the diameter tolerance specified. For further 
information, see ISO/R 1938. 
NOTE - In special cases, the mflximum form deviations permitted by the interpretations 
given i n a) and b) may be too large to allow satisfactory functioning of the assembled 
parts: in such cases, separate tolerances should be given for the form, e.g. separate 
tolerances on circularity and / or straightness (see AA0230415) 
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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 i n figure 16 is used for simpHcity. In 
this diagram, the axis of the work pieces, which is not shown in the figure, according to 
convention always lies helow the diagram. 
In the example illustrated, the two deviations of the hole are p o s i t ^ and those of the 
shaft are negative. 

Up#v tfvwMe M.1.1.11 

UwSrMMi«it4.«.1.2l 

Figure 15 - Graphical Representation 
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P777:i 

Shall 

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

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

8.0 STANDARD T O L E R A N C E S F O R BASIC SIZES U P T O 3160 mm 

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

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

9.0 F U N D A M E N T A L DEVIATIONS F O R BASIC SIZES U P T O 3150 mna 

9.1 Fundamental deviations for shafis [except deviation is (see 9:8)]-
The fundamental deviations for shaffcs and their respective sign (+ or -) are shown in 
figure 17. Values for the fundamental deviations are given i n 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. 

DevislkiiuiRiol^ DsviaCioni k to jgo 

MMalaldciftciDn 
t i " fionitivc <<*-> fimds 

mentsi de\is(iwi 

e s 

Figure 17 - Deviations for shafts 
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Fundamental deviation for holes [except deviation JS (see 9.3)] 
The fimdamenUd deviatione for h c ^ and their respective sign (+ or -) are 8h<lwn in figure 
18. Values for the fundamental deviations are given in table 3. 
The upper deviation (ES) and lower deviation (EI) are established &om the fimdamental 
deviation and the standard tolerance grade (IT) as shown in figure 18. 

^ 1 " 

£1 3 

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

IT 
es = d = Y 
and for JS : 

IT 

11 
' 2 

Figure 19 - Devia^ons js and J S 
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9.4 Fundamental deviatione j and J 
The infonnation given in 9.1 to 9.3 does not apply to fundamental deviations*] and J , 
which are, foi the most part, asymmetrical distributioaB of the standard tolerance grade 
about the zeru line (see A A0230206 tables 8 and 24). 

Table 1 - Nomerioal values oi'standard tolerance grades for basic sizes up to 8150 mna*> 

BMieSia 
mn in» r m x m IT* ITS" m IT7 

a 

i n 

• M M 

rn 

n n g n 

CT10 .rM HQ (TO i4ff rrw* 

Upbml 
tm 

- U u 2 3 4 6 tt 14 25 40 SO 0.1 014 025 0.4 05 1 1.4 

3 1 1 2£ 4 5 8 12 16 X 40 0.12 018 03 0.48 075 U 15 

8 » 1 u I S 4 ft 9 15 22 36 58 90 0.15 022 036 056 09 15 22 

10 u u 2 i 5 S 11 18 27 43 70 110 fl.18 027 043 0.7 1.1 15 2.7 

18 30 1J ZA A « S 13 21 33 5 84 I X QL21 033 052 084 1J 2.1 

30 9 13 Z i 4 7 11 16 25 39 62 166 too 025 039 0J62 1 15 ^5 3.9 

90 at 2 3 5 8 13 19 30 46 74 120 too OJ 046 074 12 1J 3 46 

80 120 2.5 « ( 10 15 22 36 54 87 140 220 0.35 054 0.87 1.4 12 35. ,5.4 

I S W 3 J 5 8 12 18 25 40 83 100 160 250 0.4 063 1 15 25 4 03 

110 290 44 7 10 U 20 39 46 72 115 186 290 a46 072 1.15 145 19 4.6 72 

2S0 315 6 8 12 16 23 32 52 81 130 210 320 052 061 1J ^^ 3.2 5 i 01 

}1S 40O 7 1 13 11 25 36 ST 89 140 230 360 057 096 1.4 Z3 35 5.7 u 

400 SOO 8 n 15 20 27 40 83 97 156 2SD 400 063 097 1.55 25 4 6.3 9.7 

SOO 63(J» 9 11 18 22 32 44 70 110 175 2B0 440 0.7 1.1 1.75 25 4.4 7 11 

S30 soo» 10 13 11 25 36 SO 80 125 200 320 SOO 08 1.25 2 12 5 6 12.S 

800 11 15 21 28 40 66 90 140 230 360 960 09 1.4 1 3 35 9 M 

1000 1250" 13 U 24 33 47 06 105 166 260 420 880 1X15 169 2.6 4 2 65 105 105 

1390 1800* 15 21 29 39 55 76 125 196 310 500 760 1.25 ^» 3.1 5 75 125 195 

1 W 2000* 1« 25 39 48 66 92 150 230 37D 800 900 U 2 J 3.7 6 U 15 ?3 

200t 2S00» 22 30 41 95 78 110 175 200 440 700 1«0 1.75 2.8 4.4 7 11 175 28 

tan 3150" 28 38 SO •8 96 136 2W 330 s c 180 1360 2.1 3 J 5.4 65 13.5 21 33 

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

B.4 Values for standard tolerance grades ITI to IT5 Ond.) for basic sizes over 500 mm are 
included for experimental use. 

B.5 Standard tolerance grades 1T14 to VTXS (ind.) 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 
Pull idiiili i5sr 
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C . BC J 
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C IC I 

1) Fundamental deviations a and b shall not be used for basic sizes less than or eq^ial to 1 mm. , , «r» 
2) For tolerance classes js7 to j s l l , if the IT value number, n, is an odd niunber, this may be rounded to the even number immediately below, 

ITn 
so that the resulting deviations i.e. ± ~ can be expressed in whole micrometres. ^ 
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Table-3 Numerical values of the fundamental deviationa of holes 
Fimdamenta l dsTtetion value* i x tmicromstrM 

Fundamenta l deviations A and B ahal l not be u i e d for baaic aiieB l e u than or equal to \ 

Forto lerance cbusea J S ? t o J 8 U , i f the IT ralue number, n, ia a f lodd n u n ^ r , this may ba 
rounded to the even number immediately below. 
So that the retult iog deriatlona, i.e. ± ^ c a a be expreswd i n whole micrometreB 
F o r determining the values K M a n d N for atandard tolerance vrades up to ITS (incl.) a n d 
deviations P to Z C for standard tolerance grades up to ITT (iocL) take the values from the 
columns on the right 

(concl.) Examples: 
K 7 i n the range 18 to 30 mm: A « S|im. therefore E S = ^ + 8 = + 6 ^ m 
S6 i n the range 10 to 30 mm: A = 4fim, therefore E S = -36 -f 4 = -ZTifxtk 
Special cases for tolerance class M 6 i n the range from 250 to 31& m m . E S = -9 j im 
(instead o f - l l f u n ) 
Fundamenta l deviation N for standard tolerance grades above IT8 s h a l l not be used for 
basic sizes less t h a n or equal to 1mm. 



< P A R T N U M B E R > < P A R T R E V I S I O N N U M B E R > 

CORPORATE STANDARD 
AA0230201 
Rev. No. 02 
PAGE 21 of 31 

10.0 B I B L O G R A P H Y 

The following standards on tolerandng and tolerance systems will be useful with regard 
to the aiq;>lication of this part of ISO 286: 
AA0423103 (ISO 406) Technical drawings - Linear and angnlar tolerances - Indications on 
drawings. 
AA0230415 (ISO 1101) Technical drawings - Cie{anetrical tolerandte - Tderandng of 
form, orientation, location and run out - (jeneralities. definitions, synibols, indications on 
drawings. 
ISO 1829, Selection of tolerance zones for general purposes. 
ISO 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 tolerandng Maximum material 

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

11.0 R E F E R R E D STANDARDS (Latest publications induding amendment) 

principle. 

1) AA0230206 
2) AA0230415 
3) AA0423103 
4̂  AA0230416 
5)' AA0230208 

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

6) ISO 8015 IS: 12160 
7) 1301 
8) ISO/R 1938 

V 

At present at the stage of drafL (Revision, in ̂ 9rt of ISO 2768-1973) 
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Annex A 
Bases of the ISO System of limits and fits 

A3 General 
This annex gives the bases of the ISO system of Hmits and fits. The data are given 
primarily so that values can be calculated for fundamental deviations, which may be 
required in very special drcumstances and whidi are not given i n the tables, and also so 
that a more complete understanding of the system is provided. * 
It is once more emphasiged 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. 

AA Basic sise steps 
For convenience, the standard tolerances and fimdamental deviations are not calculated 
individually for each separate basic size, but for steps of the basic size as given in table 4. 

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

D = VDlxD2 
For the first basic 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 

- Baste sizes up to 500 mm 
(IncL) 

Main steps Intennediate steps i> 

Above Up to and 
induding Above Up to and 

induding 

- 3 

No subdhrisum 3 6 No subdhrisum 

6 10 

No subdhrisum 

10 18 10 
14 

14 
18 

18 30 18 
24 

24 
30 

30 50 30 
40 

40 
50 

50 80 50 
65 

65 
80 

80 120 
80 
100 

100 
120 

120 180 
120 
140 
160 

140 
160 
180 

180 250 
160 
200 
225 

200 
225 
250 

250 315 
250 
280 

280 
315 

315 
315 
355 

355 
400 

400 500 
400 
450 

450 
500 

Valuss in millimetrea 
- Basic sizes above 500 mm up to 

31S0 mm (ind.) • 
Main steps Intennedi^ steps ̂  

Above Up to and 
indading 

Above Up to and 
induding 

500 630 500 1 
560 f 

560 
630 

630 800 630 
710 

710 
800 

800 1000 000 
900 

900 
1000 

1000 1250 1000 
1120 

1120 
1250 

1250 1600 1250 
1400 

1400 
1600 

1600 2000 1600 
1800 

1800 
2000 

2000 2500 2000 • 
2240 

2240 
2500 

2500 3150 2500 
2800 

2800 
3150 

A.& Standard tolerance grades 
A.5.1 General 

ISO system of l i m H s ^ d fits provides for 20 standard tolerance grades designated ITOl, ITO, 
IT l . . . .m8 in the aze'̂ range from 0 up to 500 mm (incL) and 18 standard tolerance grades in 
the size range frt>m 50dmm up to 3150 mm (incl.) designated I T l to TTIS. 
As stated in the Tore'^nrd" the ISO ̂ stem is derived from ISA Bulletin 25, which only 
covered basic sizes up to SOO mm, and was main^ based on practical eiqierience in industry. 
The system was not developed from a coherent mathematical base, and hence there are 
discontinuity in the system and differing formulae for the deviation of IT grades up to 500 
mm. 
The values for standard tolerances for basu: sizes from 500 mm up to 3150 mm ( i n d . ) were 
sulraequently devel(q>ed for experinutntal 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 TtOl are not given in 
the main bo^ of the standard because tlwy have Httle t^e in practice; however, values for 
these are given in table S. ^ 

Tlieee are need i n certain cases b r deviations a t o b and r to ae A to C a n d R to Z C (see tables 2 and 3). 
Hieae are used fixr the (kiviations r to u and R to U (see tables 2 a n d 3). 
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Table 5 - Numerical valuw for standard tolerances in grades ITOl and ITO 

T. 

Basic size Standard tolerance ^ d e s 
mm rroi 1 ITO 

Above Up to and 
including Tolerances ^m 

- 3 0 3 0.5 
3 6 0.4 0.6 
6 10 0.4 0.6 
le 18 0.5 OM 
18 30 0.6 1 
30 50 0.6 1 
50 80 0.8 1.2 
80 120 1 1.5 
120 180 1.2 2 
180 250 2 3 
250 315 2 S 4 
315 400 3 5 
4 0 0 500 4 6 

A5.2 Derivation of standard tolerances (IT) far basic sizes Mp to and including 500 mm 
A.5.2.1 Standard tolerance grades r r o i to IT4 

The values of standard ttderances in grades I T 6 1 , TTO and I T l are calculated from the 
fcHTDuIae given in table 6. It should be noted that no formulae are given for grades IT2, 
ITS and IT4. The values for tolerances in these grades have been approximately scaled in 
geometrical progression between the values for I T l and ITS. 

Table 6 - Fommlae for standard tolerances in grades ITOl, ITO and ITl for basic sizes up 
to and mcluding 600 mm 

Values i n micn»neterB 

I 
Q 

Standard 
tolerance grade 

Formula for calculation 
^ e r e D is geometric 

mean of the basic size i n 
mill imetres 

IT01») 03-I-0.008D 

IT0« 0.S+0.012D 

I T l 0.8+0.020D 

- See the Toreword'* and A.3.1 
A.5.2.2 Standard tolerance grades IT5 to ITIS 

. 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 fsu t̂or, i . 
The stcuidard tolerance factor, i , i n micrometres, is calculated from the following formula: 
i = 0.45 +0.001 D 
Where D is the ^ometric 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 maniifacturingnrocess, the relationship between the 
magnitude of the manufacturing errors and tRe basic size approximates a parabohc 
function. ^ 
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The values of the standard tolerances are calculated i n terms of the standard tolerance 
factor, i , as shown i n tahle 7. » 
It should be noted that £rom ITO iqiwards, the standard tolerances are mult^lied by a 
&ctor of 10 at each fifth step. This rule applies to al l standard tolerancee and may be used 
to extrapolate values for IT grades above IT18. 
Example: 
IT20 = IT15 X 10 = 640i x 10 = 6400 i \ 
Note - The above rule appUes except for ITO in the basic size range firom 3 to 6 mm 
(incl.) 

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

Basic size 
mm 

Standard toieraice grades 
Basic size 

mm rT3» ITS IT6 m ns m mo m i 1X12 ms m 4 ms m6 IT17 ms 

Above 
Ofhto 
aad 

induding 
Fonnulae for standard tcdoances (Resuks i n nderoinetres) 

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

SOO 3150 2/ 2.7/ 3.7/ SI 7/ 10/ 16/ 25/ 40/ 64/ IPO/ 160/ 250/ 400/ 640/ 1000/ 1600/ 2500/ 

- SeeA,3.2.1 
A.5.3 Derivation of standard tolerances (IT) for basic sizes from 500 mm up to and including 

3150 mm 
The values for standard tolerances I grades I T l to IT18 are determined as a function of 
the standard tolerance factor, I. 
Standard tolerance fstctor, I. in micrometres, is calculated fivm the following formula: 
I = 0.004D + 2.1 
Where D is the geometru; mean of the basic size step in millimetres (see clause A.2), 
The values of the standard tolerances are calculated i n terms of the standard tolerance 
factor, i, as shown in t ^ l e 7. 
It shoiild be noted that &om ITO upwards, the standard tolerances are mtdtipHed by a 
factor of 10 at each fifth step. This rule a p p l ^ to al l standard tolerances and may be used 
to extrapolate values for IT grades above IT18. 
Examples: 
IT20 = IT15 X 10 = 640i x 10 = 6400i 
NOTES 

- The formidae for standard tolerance in grades I T l to ITS are given on a 
provisional basis only. ( T h ^ 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. _ 
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A.5.4 Rounding of values for standard tolerances 
For each hasic size step, the values obtained from the formulae given i n A.3.2 ^ d A.3.3 
for standard tolerances in grades iq) to and including I T l l , are roimded off in accordance 
with the rules given in table 8. 
The calculated values of standard tcderances in grades above I T l l do not require 
rounding off because they are derived from values of tolerance grade'IT? to I T l l , which 
have already been roiinded oft ^ 

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

A.6 

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

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

0 60 1 1 
60 100 1 2 
100 200 5 5 ' 
200 500 10 10 
500 1000 - 20 
1000 2000 -* 50 
2000 5000 > 100 
5000 lOOOO - 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 instaru^es, even from the appUcation of the formulae 
given in A.3.2 and A.3.3 in order to ensure better scaling. Therefore the values 
given for the standard tolerances in tables 1 to 5 as appropriate, shaU be used in 
preference to calculated values when applying the ISO system. 

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

Derivation of fkindamental deviations 
'A6.1 Fundamental deviations for shafts 

The fundamental deviations for shafts are calculated from the formulae given in table 9. 
The fundamental deviation given by the formulae in table 9 is, in principle, that 
corresponding to the limits closest to the zero line i.e. the upper deviation for shafrs 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 VTn). 

A.6.2 Fundamental deviations for holes 
The fundamental deviations for holes are calcultffed from the formulae given in table 9 
and, therefore, the limit COTresponding to the^indamental 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 appUes to all fimdamental deviations except for the following. 
- Deviation N, for standard tolerance grades ITO to IT16 i n basic sizes above 3 mm 

up to 500 mm (incl.) for which the fundcunental deviation is zero. 
- Shaft of hole basis fits, ibr basic sizes above 3 up to 500 mm (ind.) i n 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 \ 

In the cases, the fundamental deviation, as calculated, is adjusted by algebraicaUy adding 
the value of A as fidlows: 
ES = ES (as calculated) + A 
Where A is the difTerence ITn- IT(n-l) between the standard tolerance, for the basic size 
step in the given grade, and that in the next finer grade. 
Example: 
F ^ P 7 in the basic size range &om 18 to 30 mm: 
A = I T 7 - I T 6 = 2 1 - 1 3 = 8jun 
NOTE - The rule given in b) above is on^ appUcable 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 tolercuice grades vtp to and including IT7. 

( e r ) - I T o = ( f S ) - H ( n - l ) 

Figure 20 - Diagrammatic representation of the rule given A 4.2b) 
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The fundamental deviation given hy the formulae in table 9 is, in principle, that 
corresponding to the limits closest to the limits closest to the zero line, i e . the lower 
deviation holes A to H and the upper deviation for holes K to ZC. 
Elzcept for holes J and JS, for whic^ 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). 

A.6.3 Rounding of values for fimdamental 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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Table 9 - Formulae for fiindamental deviations for shafts and holes 
Basic size mm Shafts 

Fonnulae'* where D is the 
geometric mean of the 

basic size m millimetres 

Holes 'Bf^ic size mm 

Above 
Upto 

and 
ncluding 

Fundame 
ntal 

deviation 

Sign 
[negative 

or 
positive) 

Designs 
tion 

Fonnulae'* where D is the 
geometric mean of the 

basic size m millimetres Dengnatiofl 
Sign 

n^adve 
or 

positive) 

Fundamenta 
deviation Above 

Upto 
^ mid 

ncluding 

1 120 A - es 2 6 5 + I J D EI + I 120 
120 SOO A - es 3.5D 

EI + 
120 500 

1 160 B - es =140 + 0.850 EI + * B 1 160 
160 500 B - es = 1.80 EI + * B 160 SOO 
0 40 C - es 5 2 D " E l + C 0 40 

40 SOO C - es 9S + 0.8D E l + C 40 SOO 

0 10 cd - es Geometric mean of dw 
values for C.c and D.d EI + C D 0 10 

:. 0 3150 d - es 16D«^« E l + D 0 3150 . 
0 3150 e - es 11D«*' EI + E 0 31S0 

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

0 3150 f - es 5.5D**' £1 + - F 0 3150 

0 10 fg - es Geometric mean of i h c 
values for F.f and G.g EI + • F G 0 10 

0 3150 g - es X 5 D * " E l + G 0 3150 
0 3150 h No sign es Deviatk)cp=0 E l No sign H 0 3150 
0 500 j No fonnuia^' J 0 500 

0 3150 js + es 
ei o.5rr/i EI 

ES + JS 0 3150 

0 SOO'* k + ei 0.6 V D ES - 0 500'> 
SOO 3150 k 

Nosisn 
ei DeviatknH) ES No sign 500 3150 

0 SOO m + ei IT7-IT6 ES - 0 500 
SOO 3150 m + ei 0.024£H12.6 ES - 500 3150 
0 500 n + ei 5D»« ES - N*> 0 500 

560 3150 n + ei 0.04D + 21 ES - N*> 500 3150 
0 500 

P + ei IT7+0to5 ES - P*> 0 500 
500 3150 P + ei 

0.072EM-37.8 ES - P*> SOO 3150 

0 3150 r + ei Geometric mean of the 
values for P4> and S,s ES - 0 3150 

0 50 
s + ei 

1T8+Ito4 
ES - S*> 

0 50 
50 3150 s + ei n7+0.4D ES - S*> SO 3150 
24 3150 t + a n7+0.63D ES - T-) 24 3150 
0 3150 u + et IT7+D ES - U*> 0 3150 
14 500 V + ei rn+1.25D ES - V*> 14 500 
0 500 X + ei 1T7+1.6D ES - 0 500 
18 500 y + ei n7+2D ES - 18 SOO 
0 500 z + d m + x s D ES - Z*> 0 500 
0 500 za + ei IT8+3.15D ES - ZA^' 0 SOO 
0 500 zb ei IT9+4D ES - ZB*> 0 500 
0 500 ZC + ITlOfSD ES - zc*> 0 500 

- Fundaaental deviatioiH (L*. resuHa from formula) in nacxomatres 
V a l u M 0 0 ^ fhren i n I B U M S aad 9 
Formnb imly apphea to g n d m YT4 to ITT isdnsively: fiuidantantarSviation k SHT a l l other bane 
special rule applies (see A.4.2.b) ' 
Formala only applisB to grades op to ITS indoaiTelr: ftoulamental deviation K b r a l l other baaic 

and aU other IT grades = 0 

and a l l other IT grades = 0 
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TaUe 10 - Rounding for ftudamental deviations 
Rounding values in midx)nietres 

Cakidated vales obtained trom die 
formulae given in t a h i e 9 

^m 

Above 

5 
45 
60 
100 
MO 
^ 
500 
560 
600 
800 
1000 
2000 

20x l0« 
50xlO» 

100x10" 

Up to and induding 

45 
60 
100 
200 
300 
500 
560 
600 
800 
1000 
2000 
5000 

50x10" 
100 X 1 0 " 
200x10" 

Basic size 

Up to 500 mm (incL) Above 500 mm up to 
3150 mm (ind.) 

Fundamental deviations 

a t o g k t o z c 
A t o G K t o Z C 

i t o u 
btoU 

Rounding in multiples of 
1 
2 
5 
5 

10 
10 
10 
20 
20 
20 
50 

1 
1 
1 
2 
2 
5 
5 
5 

10 
20 
50 

100 

1 
1 
2 
5 
10 
10 
20 
20 

•30 
20 
50 
100 

1 x 1 0 " 
2 x 1 0 " 
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Annex B 
Examples of the use of ISO 286-1 > 

B.6 General 
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 beenfcalculated and are 
tabulated in AA0230206. 
In special cases, not covered by AA0230206 the apprt^riate upper and lower deviations, 
and hence the limita of eize, can be calculated firom the data g i ^ n in tables 1 to 3, and 
tables 4 to 6 in annex A in this Corporate Standard. 

B.7 Review of special features 
A summary of the features and factors which shall be taken into consideration when 
using this part of ISO 286 to derive \tpper and lower deviatirau 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 ITS are provided only Ibr basic sizes less than or 

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

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

- Tcderauce grades IT14 to ITS are only provided for basic sizes greater than 1 nun; 
- Holes N of tolerance grades above ITS are o n l y provided for basic sizes greater 

than 1 mm. 
B.8 Exanqiles 
B.8.1 Determining the l imits of sise Ibr a shaft O 4 0 g l l 

y Basic size step: 30 to 15 mm (from table 4) 
Standard tolerance = 160 jun (firom table 1) 
Fundamental deviation = - 9 fun (firom table 2) 
Upper deviation = fundamental deviation = - 9 jun 
Lower deviation = fimdamental deviation - tolerance = -9 -160 )un = -169 ^m 
Limits of size: ^ 

Maximum = 4O-0.OO9 = 39.991 mm 
Minimum = 40-0.169 = 39.831 mm 

B.S.2 Determining the l indts of sise for hole ^ 130N4 
Basic size step: 120 to 180 mm (firom table 4) 
Standard tolerance - 12 ̂ m (from table 1) 
Fundamental deviation = -27 + A ^m (firom table 3) 
Value of A = 4 jim (firom table 3) 
Upper deviation 

Lower deviation 

Limits of size: 

= fundamental deviation 
= -27 + 4 = -23 ) i m 

= fundamental deviation - tolerance 
= -23-12Hm = -35Hm 

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


