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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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ISO general purpose metric screw threads — Tolerances —

Part 1:

Pri
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[SO §
ISO 2
ISO 1
ISO 5

3 1

COUPpPT

part of ISO 965 specifies a tolerance system for ISO general purpose metric screw
ding to ISO 261.

olerance system refers to the basic profile according to [SO 68-1.

ollowing referenced documents are indispensable for the application of this docume;
ences, only the edition cited applies. For undated refereneges, the latest edition of th
ment (including any amendments) applies.

8-1, ISO general purpose screw threads — Basic profile=- Part 1: Metric screw threads
61, ISO general purpose metric screw threads — General plan
502, ISO general-purpose metric screw threads— Gauges and gauging

408, Screw threads — Vocabulary

'erms, definitions and symbols

threads (M)

nt. For dated
b referenced

3.1 | Terms and definition$
For the purposes of this document, the terms and definitions given in ISO 5408 apply.
3.2 | Symbols
For the purposes’of this document, the following symbols apply.
Symbol Meaning
D basic major diameter of internal thread
D1 basic minor diameter of internal thread
D, basic pitch diameter of internal thread
d basic major diameter of external thread
d1 basic minor diameter of external thread
dy basic pitch diameter of external thread
d3 minor diameter of external thread (see Figure 6)
P pitch
© ISO 2013 - All rights reserved
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Ph lead
H height of fundamental triangle
S designation for “short” thread engagement group
N designation for “normal” thread engagement group
L designation for “long” thread engagement group
T tolerance
Tp1, To2, Ta, Tdz tolerances for D1, D3, d and d>»
ei, EI lower limit deviations (see Figure 1)
es, ES upper limit deviations (see Figure 1)
R root radius of external thread (see Figure. 6)
C root truncation of external thread (see Figure 6)
=~
E ~
&
0
8
)
B~
Figure 1 — Position of tolerances with respect to zero line (basic size)
4 Tolerance system
The tolerange system consists of tolerance grades and tolerance positions. The tolerance grades are
expressed by number, such as 4, 6 and 8. The tolerance positions are expressed by letter, suchas H, G, h and g.

The tolerance class designation shall be the combination of the number and the letter, for example 6H and 6g.

5 Tolerance positions
The following tolerance positions are standardized:
— for internal threads:

— G with positive fundamental deviation (ET), shown in Figure 2;

2 © IS0 2013 - All rights reserved
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— H with zero fundamental deviation (EI), shown in Figure 3.

— for external threads:
— a,b, ¢ d, e fand g with negative fundamental deviation (es), shown in Figure 4;
— h with zero fundamental deviation (es), shown in Figure 5.

The established tolerance positions comply with the needs of coating thickness and with the demands
of easy assembly.

The fundamental deviations for internal threads and external threads are given in Table 1.

© IS0 2013 - All rights reserved 3
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1 basic prdfile 1 basic profile
Figure 2 — Internal threads Figure 3 —JInternal threads
with tolerance position G with telerance position H

(0] 0 7
2 V)
2 A V/ Iﬁ
A )
a b °
Key Key
1 basic profile 1 basic profile

a Application only in connection with minimum 2 Application only in connection with minimum
material limits (d2 min); see Clause 11, Figure 6. material limits (d2 min); see Clause 11, Figure 6.

Figure 4 — External threads with tolerance Figure 5 — External threads
positions with tolerance position h
a,b,c,d,e,fandg
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Table 1 — Fundamental deviations for internal threads and external threads

Pitch Fundamental deviation
Internal thread External thread
P G H a b c d e f g h
EI EI es es es es es es es es
mm
pm pm pm pum pm pm pm pm pm pm
0,2 +17 0 - - - - - - -17 0
0,25 +18 0 - - - - - - -18 0
o3 18 © = = = = = = =18 0
0,85 +19 0 - - - - - -34 <19 0
0|4 +19 0 - - - - - -34 -19 0
0,45 +20 0 - - - - - -35 -20 0
0]5 +20 0 - - - - -50 =86 =20 0
0]6 +21 0 - - - - -53 -36 =21 0
0]7 +22 0 - - - - -56 -38 =22 0
0,5 +22 0 - - - - >56 -38 -22 0
0f8 +24 0 - - - - -60 -38 -24 0
+26 0 -290 -200 -130 <85S -60 -40 -26 0
1,p5 +28 0 -295 -205 -135 ~90 -63 -42 -28 0
1)5 +32 0 -300 -212 -140 -95 -67 -45 -32 0
1,}5 +34 0 -310 -220 -145 -100 -71 -48 -34 0
) +38 0 -315 -225 <150 -105 -71 -52 -38 0
2|5 +42 0 -325 -235 -160 -110 -80 -58 -472 0
+48 0 -335 ~245 -170 -115 -85 -63 -48 0
35 +53 0 -345 -255 -180 -125 -90 -70 -53 0
4 +60 0 -355 -265 -190 -130 -95 =75 -60 0
415 +63 0 -365 -280 -200 -135 -100 -80 -63 0
+71 0 -375 -290 =212 -140 -106 -85 =71 0
5|5 +75 0 -385 -300 -224 -150 -112 -90 -75 0
[ +80 0 -395 -310 -236 -155 -118 -95 -80 0
+100 0 -425 -340 -265 -180 -140 -118 -10 0
6 Tolerance grades
The talerance gr;\dpc for the Fnllnwing screw thread diameters are standardized:

Tolerance grade

Dy 4,5,6,7,8
d 4, 6, 8
D; 4,5,6,7,8
d> 3,4,5,6,7,8,9

© IS0 2013 - All rights reserved 5
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Clause 8 shows details of tolerance grades and combinations of tolerance grades for pitch and crest
diameters according to the tolerance quality and length of engagement group required, with the order
of preference.

In some grades, certain tolerance values for small pitches are not shown in tolerance tables because of
insufficient thread overlap or the requirement that the pitch diameter tolerance not exceed the crest
diameter tolerance.

The minor diameter tolerances of internal thread, Tp1, are given in Table 2.

Table 2 — Minor diameter tolerances of internal thread (Tp1)

Pitch Tolerance grade
P 4 5 6 7 8
mm pm pm pum pm pum
0,2 38 - - - -
0,25 45 56 - - -
0,3 53 67 85 . -
0,35 63 80 100 - -
0,4 71 90 112 - -
0,45 80 100 125 - -
0,5 90 112 140 180 -
0,6 100 125 160 200 -
0,7 112 140 180 224 -
0,75 118 150 190 236 -
0,8 125 160 200 250 315
1 150 190 236 300 375
1,25 170 212 265 335 425
1,5 190 236 300 375 475
1,75 212 265 335 425 530
2 236 300 375 475 600
2,5 280 355 450 560 710
3 315 400 500 630 800
3,5 355 450 560 710 900
4 375 475 600 750 950
4,5 425 530 670 850 1060
5 450 560 710 900 1120
55 475 600 750 950 1180
6 500 630 800 1000 1250
8 630 800 1000 1250 1600

The major diameter tolerances of external thread, Tq, are given in Table 3. The tolerance grades 5 and 7
do not exist for them.

6 © IS0 2013 - All rights reserved
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Table 3 — Major diameter tolerances of external thread (73)

Pitch Tolerance grade
P 4 6 8
mm pm pum um
0,2 36 56 -
0,25 42 67 -
0,3 48 75 -
0,35 53 85 -
0,4 60 95 -
0,45 63 100 -
0,5 67 106 -
0,6 80 125 -
0,7 90 140 -
0,75 90 140 -
0,8 95 150 236
1 112 180 280
1,25 132 212 335
1,5 150 236 375
1,75 170 265 425
2 180 280 450
2,5 212 335 530
3 236 375 600
3,5 265 425 670
4 300 475 750
4,5 315 500 800
5 335 530 850
5,5 355 560 900
6 375 600 950
8 450 710 1180
The pitch diaineter tolerances of internal thread, Tpp, are given in Table 4.
The pitch.diameter tolerances of external thread, Tqp, are given in Table 5.

Table 4 — Pitch diameter tolerances of internal thread (7p3)

Basic ma]oDr diameter Tolerance grade
Pitch

over up to a_nd p 4 5 6 7 8

mm including mm um pm pm pum um
mm

0,2 40 - - - -

0,99 1,4 0,25 45 56 - - -

0,3 48 60 75 - -

0,2 42 - - - -

0,25 48 60 - - -

1,4 2,8 0,35 53 67 85 - -

0,4 56 71 90 - -

0,45 60 75 95 - -

© IS0 2013 - All rights reserved 7


https://standardsiso.com/api/?name=cd009e65c9d03a40c13fe14f32682f4b

IS0 965-1:2013(E)

Table 4 (continued)
Basic mai(g diameter Tolerance grade
Pitch
over 1P to a.nd p 4 5 6 7 8
mm including mm um um um um um
mm
0,35 56 71 90 - -
0,5 63 80 100 125 -
0,6 71 90 112 140 -
2.8 56 0,7 75 95 118 150 -
0,75 75 95 118 150 -
0,8 80 100 125 160 200
0,75 85 106 132 170 -
1 95 118 150 190 234
5,6 11,2 1,25 100 125 160 200 25(
1,5 112 140 180 224 28
1 100 125 160 200 25
1,25 112 140 180 224 28
1,5 118 150 190 236 30
11,2 224 1,75 125 160 200 250 318
2 132 170 212 265 338
2,5 140 180 224 280 354
1 106 132 170 212 -
1,5 125 160 200 250 319
2 140 180 22% 280 359
22,4 45 3 170 212 265 335 424
3,5 180 224 280 355 45
4 190 236 300 375 479
4,5 200 250 315 400 50
1,5 132 170 212 265 334
2 150 190 236 300 378
3 180 22% 280 355 45
45 90 4 200 250 315 400 50
5 212 265 335 425 53
5,5 224 280 355 450 56
6 236 300 375 475 60
2 160 200 250 315 40
3 160 236 300 375 479
90 180 4 212 265 335 425 53
6 750 315 400 500 63
8 280 355 450 560 714
3 212 265 335 425 53
4 236 300 375 475 60
180 355 6 265 335 425 530 67(
g 300 375 475 600 75
Tablé.5— Pitch diameter tolerances of external thread (732)
Basic ma]o;‘ diameteér, Tolerance grade
Pitch
over :‘npcltg dairrlld P 3 4 5 6 7 8 b
mm g mm . pm . wm W . Wm
mm
0,2 24 30 38 48 - - -
0,99 1,4 0,25 26 34 42 53 - - -
0,3 28 36 45 56 - - -
0,2 25 32 40 50 - - -
0,25 28 36 45 56 - - -
1,4 2,8 0,35 32 40 50 63 80 - -
0,4 34 42 53 67 85 - -
0,45 36 45 56 71 90 - -
0,35 34 42 53 67 85 - -
0,5 38 48 60 75 95 - -
0,6 42 53 67 85 106 - -
28 5,6 0.7 45 56 71 90 112 : -
0,75 45 56 71 90 112 - -
0,8 48 60 75 95 118 150 190

8 © IS0 2013 - All rights reserved
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Table 5 (continued)
Basic ma]odr diameter Tolerance grade
Pitch
over up to and P 3 4 5 6 7 8 9
including mm
mm um pm pum um pm um pm
mm
0,75 50 63 80 100 125 - -
> 112 1 56 71 90 112 140 180 224
’ ' 1,25 60 75 95 118 150 190 236
1,5 67 85 106 132 170 212 265
1 60 75 95 118 150 190 236
1285 a7 88 106 132 170 212 265
12 224 1,5 71 90 112 140 180 224 280
' ' 1,75 75 95 118 150 190 236 300
2 80 100 125 160 200 250 315
2,5 85 106 132 170 212 265 335
1 63 80 100 125 160 200 250
1,5 75 95 118 150 190 236 300
2 85 106 132 170 212 265 335
12,4 45 3 100 125 160 200 250 315 400
3,5 106 132 170 212 265 335 425
4 112 140 180 224 280 355 450
4,5 118 150 190 236 300 375 475
1,5 80 100 125 160 200 250 315
2 90 112 140 180 224 280 355
3 106 132 170 212 265 335 425
45 90 4 118 150 190 236 300 375 475
5 125 160 200 250 315 400 500
55 132 170 212 265 335 425 530
6 140 180 224 280 355 450 560
2 95 118 150 190 236 300 375
3 112 140 180 224 280 355 450
90 180 4 125 160 200 250 315 400 500
6 150 190 236 300 375 475 600
8 170 212 265 335 425 530 670
3 125 160 200 250 315 400 500
50 355 4 140 180 224 280 355 450 560
6 160 200 250 315 400 500 630
8 180 224 280 355 450 560 710
7 Lengths of thread engagement
The lengths of thread efigagement are classified into one of three groups: short (S), normal (N) or long
(L), in accordance withilable 6.
Table 6 — Length groups of thread engagement
Dimensions |n millimetres
Basic major diameter Length group of thread engagement
D: d Ditnl- S AL L
P
up to and up to and up to and
over . . . . over . . over
including including including
0,2 0,5 0,5 1,4 1,4
0,99 1,4 0,25 0,6 0,6 1,7 1,7
0,3 0,7 0,7 2 2
0,2 0,5 0,5 1,5 1,5
0,25 0,6 0,6 1,9 1,9
1,4 2,8 0,35 0,8 0,8 2,6 2,6
0,4 1 1 3 3
0,45 1,3 1,3 3,8 3,8

© IS0 2013 - All rights reserved
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Table 6 (continued)
Basic major diameter Length group of thread engagement
D, d Pitch S N L
P
up to and up to and up to and
over . . . . over . . over
including including including
0,35 1 1 3 3
0,5 1,5 1,5 4,5 4,5
0,6 1,7 1,7 5 5
28 5,6 0.7 2 2 6 6
0,75 , 2,2 6,7 6,7
0,8 2,5 2,5 7,5 7,5
0,75 24 77 71 71
1 3 3 9 9
5,6 11,2 1,25 4 4 12 T2
1,5 5 5 15 15
1 3,8 3,8 11 11
1,25 4,5 4,5 13 13
1,5 5,6 5,6 16 16
11,2 224 1,75 6 6 18 18
2 8 8 24 24
2,5 10 10 30 30
1 4 4 12 12
1,5 6,3 6,3 19 19
2 8,5 8,5 25 25
22,4 45 3 12 12 36 36
3,5 15 15 45 45
4 18 18 53 53
4,5 21 21 63 63
1,5 7,5 75 22 22
2 9,5 9,5 28 28
3 15 15 45 45
45 90 4 19 19 56 56
5 24 24 71 71
5,5 28 28 85 85
6 32 32 95 95
2 12 12 36 36
3 18 18 53 53
90 180 4 24 24 71 71
6 36 36 106 106
8 45 45 132 132
3 20 20 60 60
4 26 26 80 80
180 355 6 40 40 118 118
8 50 50 150 150
8 Reconimendedtolerance classes
8.1 General
In order to educe the number of gauges and tools, the tolerance classes should preferably be chosen

from Tables 7 and 8.

The tolerance class should be selected according to the tolerance quality (fine, medium and coarse) and
the length group of thread engagement (S, N and L).

If the actual length of thread engagement is unknown (as in the manufacturing of standard bolts), group
N is recommended.

8.2 Tolerance quality
The following general rules can be formulated for the choice of tolerance quality:

— fine: for precision threads, where little variation of fit character is needed;

10 © IS0 2013 - All rights reserved
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— medium: for general use;

— coarse: for cases where manufacturing difficulties can arise, for example when threading hot-
rolled bars and long blind holes.

8.3 Preference order
Tolerance classes within broad frames shall be selected for commercial internal and external threads.

The tolerance classes given in Tables 7 and 8 in bold typeface, nomal typeface and parentheses shall be
the first, second and third choices, respectively.

Table 7 — Recommended tolerance classes for internal threads

Tolerance position G Tolerance positionyH
Tolerance
quality S | N | L s | N L
Fine - - - 4H SH 6H
Medium (5Q) 6G (7Q) 5H 6H 7H
Coarse - (7G) | (8G) - 7H 8H

Table 8 — Recommended tolerance classes for external threads

Tolgr.ance Tolerance position f Tolerance position g Tolerance gosition h
Tollerance position e
quality
S N L S N L S N L S N L
Fine - - - - - - - (4g) | (5g4g) | (3h4h) | 4H | (5h4h)
Medium - 6e’ | (7e6e) - 6f - (5g6g) | 68 | (7g6g) | (5h6h) | 6h | (7h6h)
(foarse < (8e) | (9e8e) - - - - 8g | (9g8g) - - -

8.4 Combinationofinternalthreadsandexternalthreads————

Any of the recommended tolerance classes for internal threads may be combined with any of the
recommended tolerance classes for external threads. However, in order to guarantee sufficient overlap,
the finished components should preferably be made to form the H/g, H/h or G/h fits. For thread sizes
M1,4 and smaller, the combinations 5H/6h, 4H/6h or finer shall be chosen.

8.5 Coated threads

For coated threads, the tolerances apply to the parts before coating, unless otherwise stated. After
coating, the actual thread profile shall not at any point transgress the maximum material limits for
positions H or h.

© IS0 2013 - All rights reserved 11
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9 Multiple-start threads

With the same pitch, the tolerances for multiple-start threads are the same as for single-start threads,
with the exception of the pitch diameter tolerances which are enlarged.

For multiple-start threads, the tolerance values for pitch diameter (Tp2 and Ty2), specified in Tables 4

and 5, shall be multiplied by a factor according to Table 9.

Table 9 — Factors for multiple-start threads

Nm?ab(ir of 2 3 4 5 and larger
Factor 1,12 1,25 1,4 1,6

10 Formullae

10.1 General

The tolerande values given in this part of ISO 965 are based on experience. In-grder to obtain a consi

system, mathematical formulae have been developed.

The values fpr pitch and crest diameter tolerances and for fundamental deviations have been calcu
mulae and then rounded off to the nearest value in the R40 series of preferred num

from the fon

stent

lated
bers.

However, when decimals appear, the value has been further rounded off to the nearest whole numper.

In order to reproduce a smooth progression, the rules of rounding off are not always used.

When the tolerance values calculated from the formulae-are different from the values specified 4
tolerance tables, the values in the tolerance tables shall be used.

10.2 Fundamental deviations

The fundamgntal deviations for threads arecalculated as given by Formulae (1) to (10):

Elg=+(15+11P)
El4=0
es,= —(270 + 19P)

NOTE1 TH

is isn@tapplicable to threads with P < 0,8 mm.

y the

(W

(2)

(3)

(4)

esp= —(18

NOTE 2  This is not applicable to threads with P < 0,8 mm.

85~+19p)

es.= —(115 + 19P)

NOTE 3  This is not applicable to threads with P < 0,8 mm.

esq= —(65+ 19P)

NOTE 4  This is not applicable to threads with P < 0,8 mm.

ese= —(50 +11P)

12

(5)

(6)

(7)
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5 Thisis not applicable to threads with P < 0,45 mm.

esg= —(30 +11P)

NOTE

6  This is not applicable to threads with P < 0,3 mm.

esg=—(15 +11P)

esp=0
wherne
Hland es are expressed in micrometres;
b is expressed in millimetres.
10.3| Crest diameter tolerances

10.3,
The 4

=~

wher]

The t

10.3,

1 Tolerances for major diameter of external thread (Tj)

olerances for grade 6 are calculated as given by Formula'(11):

,(6)=1803P? - 3';5

N

[d is expressed in micrometres;

is expressed in millimetres.

olerances for the other grades shall be obtained from the T4(6) values given in Table 1

Table 10 — Ty tolerances for the other grades

Tolerance grade
4 6 8
0,63 Tq4(6) Ta(6) 1,6 Tq(6)

2 _Tolerances for minor diameter of internal thread (7p1)

S

The t

olerances for grade 6 are calculated as given by Formulae (12) and (13):

a) Pitches 0,2 mm to 0,8 mm:

Tpy (6)=433P—190P 42

b) Pitches 1 mm and coarser:

© ISO

2013 - All rights reserved
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Tpq (6)=230P°7 (13)
where

Tp1 is expressed in micrometres;

P is expressed in millimetres.

The tolerances for the other grades shall be obtained from the Tp1(6) values given in Table 11.

Table 11 — Tp1 tolerances for the other grades

Tolerance grade

4 5 6 7 8
0,63 Tpj(6) 0,8 Tp1(6) Tp1(6) 1,25 Tp1(6) 1,6 Tp1(6)

10.4 Pitch|diameter tolerances

10.4.1 Tolerances for pitch diameter of external thread (T42)

The tolerandes for grade 6 are calculated as given by Formula (14):

Ty, (6)=pOP%* a%1 (14)
where
Td2 is expressed in micrometres;

Pand d | are expressed in millimetres;

d is equal to the geometrical mean value of the diameter range limits.

The tolerandes for the other grades,shall be obtained from the Tq2(6) values given in Table 12.

Table 12 — Ty tolerances for the other grades

Tolerance grade
3 4 5 6 7 8 9
0,5 Tq2(6) 0763 Tq2(6) 0,8 T42(6) T42(6) 1,25 T42(6) 1,6 T42(6) 2 Tq2(p)

No Ty valuesare givemrwien vatues calcutated according to the giverr formutae exceed the fg vatues in
the tolerance grades which are combined for recommended tolerance classes; see the dashes in Table 5.

10.4.2 Tolerances for pitch diameter of internal thread (Tp3)

Tpz values shall be obtained from the Tq2(6) values given in Table 13.

Table 13 — Tp; tolerances

Tolerance grade
4 5 6 7 8
0,85 T42(6) 1,06 T42(6) 1,32 T42(6) 1,7 T42(6) 2,12 T42(6)

14 © IS0 2013 - All rights reserved
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No Tpp values are given when values calculated according to the given formulae exceed 0,25P; see the
dashes in Table 4.

10.5

Length of thread engagement

For the calculation of the limits of the normal length of thread engagement, I, the following rule is applied.

For each pitch within a certain diameter range, d is set equal to the smallest diameter (within the range)
which appears in the general plan (conforming to ISO 261).

INmin = 2,24Pd"* (15)
I\ max = 6,7Pd"? (16)
wherie Iy, P and d are expressed in millimetres.
11 Root contours
Forinternal threads as well as external threads, the actual root contours shall notat any point transgress
the maximum material limit which is decided by the basic profile-and the tolerance position| For the root
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requirements stated above. This is particularly important for fasteners or other screwed connections
which are subjected to fatigue or impact. However, there are in principle no restrictions other than
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that the maximum minor diameter, d3max, of the external thread shall be less than the minimum minor
diameter of the Go-gauges in accordance with ISO 1502.

Typ /2

Key

1 basic prq

Cmax

file and Go-gauge profile

a) Positionh

Key

1 Dbasic proéfile

2 Go-gauge profile

Cmax

b) Positionsa,b,c,d, e f, g

Figure 6 — Extefnal thread root profile

Table:14 — Minimum root radii

16

Pitch Pitch
p Rmin p Rmin
pum pum
mm mm
0,2 25 1,5 188
0,25 31 1,75 219
0,3 38 2 250
0,35 44 2,5 313
0,4 50 3 375
0,45 56 3,5 438
0,5 63 4 500
0,6 75 4,5 563
0,7 88 5 625
0,75 94 55 688
0,8 100 750
1 125 1000
1,25 156 - -
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