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Tolerancing of bevel gears 3_965
o Basic concepts Part 4
Toleranzen fiir Kegelradverzahnungen; Grundiagen Supersedes September 1981 edition.
In keeping with current practice in standards published by the International Organization for Standardization (1S0),
a comma has been used throughout as the decimal marker.
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. S2] 1 Field of application i shori-wave camponent of tangential composite
H o
25| This standard specifies tolerances for straight, skew and , errar . .
ﬁg spiral bevel gears with and without axial offset, of fi long-wave component of tangential composite
2%| modules 1 mm to 50 mm and with reference diameters error )
H g up to 2500 mm. fo adjacent pitch error
z H fu difference between adjacent pitches
g sl 2 Scope 1, shaft angle error
s o
! . \ . u
B3| Toensure compliance with all the functional requirements ™ module )
E 2| to be met by bevel gears, relating to smooth running, Mmn normal module at mean cone distance
22| load bearing capacity, uniform angular transmission and ty apex to back distance
£ | operating life, it is essential that the errors of certain g tip distance
29| parameters of the tooth system be kept within given t auxiliary plane distance
-1 It
3 S l'mltS: u gear ratio
.‘é(_? Tf?e sizes of the tolerances have: been developed on bore diameter
B principles similar to those applying to the tolerancing of 7 t d fati
$E| circular fits. Thus, as for circular fits, tolerance classes composite and cumutative errors
g have also been specified to a fineness which cannot be F; working deviation
2£| technically realized at present, but which is likely to Fy tangential composite error
ég represent the fineness possible in the future. F, cumulative pitch error
. EZ F. radial run-out
§ 8 3 Symbols and quantities Fia radial run-out of test flange of diameter dg,
gl a dimension of tooth contact pattern, axial relative to gear axis
E offset Fis axial run-out of reference face I'¢, relative to
"g c dimension of tooth contact pattern gear axis
g reference diameter; dimension of tooth Fy,Fy  reference faces
o 1T gw
z contact pattern K4 to Kg auxiliary quantities
dm mean reference diameter R mean cone distance
dp test flange diameter i} reference cone angle
. dr reference surface diameter ds tip angle
%E e dimension of tooth contact pattern € transverse contact ratio
ﬁ § 1 7 individual error; dimension for tooth contact gy overlap ratio
==
E, cg pattern ey total contact ratio
§'§ 5§ fa axes intersection point errof @ tolerance increment
%3 § 2 i tangential tooth-to-tooth composite error > shaft angle
gdie
a9 E
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-%‘5"3 Continued on pages 2 to 4
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Figure 1. Gear blank and mounting tolerances (see also DIN 3971 for definitions)

4 Tolerances on gear blank dimensions
{applying to gear blank prior to cutting)
The tolerance requirements for the test faces and test

diameters necessary for gauging, manufacture and
assembly shall also be met.

The principal dimensions of a bevel gear are indicated in
figure 1. In particular cases, further dimensions may be
toleranced.

The ose of the following formula is recommended for
tolerancing the radial run-out and axial run-out:

Fq=Fs=02F;

This applies by analogy to all cases in which a test flange
is refinished after heat treatment.

Limit deviations of tip angle, 8,:

for tolerance classes up to 6: + g';
. + 8’

for tolerance classes 7 to 9: 0’
+10’

for tolerance classes 10 and upwards: 0

Tolerance on bore diameter or shank diameter, B:
for tolerance classes b and 6: IT5;
for tolerance classes 7 to 9: IT6;
far tolerance classes 10 and upwards: |IT 7.

5 Structure of the gear tolerance system

5.1 Relationship between tolerances

The tolerance system for bevel gears is similar to that
developed for cylindrical gears (see DIN 3961). An
attempt has been made to ensure that a particular gear
quality roughly covers the average values of all errors and

deviations from the target manufacturing quality. However,
it frequently happens that differences in requirements
and manufacturing processes cause changes in the
relationship between individual errors (see clause 6).

The tolerances given in DIN 3965 Parts 2 to 4 have been
specified as far as possible on the basis of existing
manufacturing experience.

For the single flank working test, tolerances have been
given for f{ and fi., as alternatives to those given for F]
and f{ {see DIN 3965 Part 3). To avoid inconsistency,
the tolerances for F{ and i on the one hand, and for f}.
and fi. on the other hand, shall not be applied simul-
taneously.

5.2 Errors and deviations of parameters

For the purposes of this standard, individual errors, f,
are deviations of individual parameters of the tooth
system (such as pitch) from the desired values, whilst
composite and cumulative errors, I, allow for the effect
of several individual errors. ' :

See DIN 3971 for definitions of parameters.

Some of the possible errors or deviations {see DIN'3971)
cannot be determined with sufficient accuracy at the
present tlme. Others, such as radial compaosite errors
should not be used for assessment purposes, since the
measurement of these errors has to be carried out under
conditions involving a displacement of the tooth contact
pattern. The measurement may only be used for deter-
mining the radial run-out.

5.3 Tolerance classes for bevel gears

The tolerance system for bevel gears as specified in this
standard covers 12 tolerance classes. In present-day
manufacturing practice it is not possible to achieve the
finer tolerance classes. They are included only for the
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sake of completeness. The tolerances are multiptied
by an increment, ¢, at each step. Values of ¢ are given in
subclause 5.4.

The limit values of the reference diameter and normal
module ranges have been taken from the R 20 preferred
number series specified in DIN 323 Part 1.

5.4 Calculation of tolerances

Formulae are stated below for calculating the tolerances
for which numerical values have been given in DIN 3965
Parts 2 and 3, taking tolerance class 4 as the basis.
Values of my,, and d,, are given in mm, tolerances,
inum.

The reference circle and normal module are each related
to the mean reference cone distance.

When calculating the tolerances from the formulae, the
geometrical means of the corresponding range limits
shall be substituted for the actual values of my;, and dy,.

For figures smaller than 10, the tolerances so calculated
shall be rounded to the nearest value that gives an integer
when divided by 0,5, whllst figures greater than 10 shall
be rounded to the nearest integer.

a) Adjacent pitch error:
fo =4+ 0,315 (o + 0,25 dpm)
with ¢ = 1,4 up to tolerance class 8 and
» = 1,6 from tolerance class 8.
b) Difference between adjacent pitches:

fu =5+ 0,4 (g + 025\ dy)
with ¢ = 1,4 up to tolerance class 8 and
¢ = 1,6 from tolerance class 8.
¢) Cumulative pitch error:
Fp =725 mil  a¥® .
with ¢ = 1,4 up to tolerance class 8 and
¢ =1,6 from tolerancs class 8.
d) Radial run-out:

Fr =168 + 2,18ty + (23 + 1,2 log mgy) - A
with ¢ = 1,4 up to tolerance class 12.
e) Tangential composite error 1):
"R =08 + Ko
Ky =725 mll. &1
Ky =VIZ + K2
Ky =25 + 025 (it + 3| 27tn)
K4 =15+ 025 (npy + 9 #mn)
with ¢ = 1,4 up to tolerance class 8 and
¢ = 1,6 from tolerance class 8.
f} Tangential tooth-to-tooth composite error 1):
fi =07« (K5 + Kp)
Ks= 4+ 015 (my, + 0,26 d,,)
(see under item e) for K3)

with ¢ = 1,4 up to tolerance class 8 and
9 =1,6 from tolerance class 8,

) Long-wave component of tangential composite
error 1):
fl =10+ 113 dp
with ¢ = 1,4 up to tolerance class 8 and
¢ = 1,6 from tolerance class 8.

DIN 3966 Part 1 Page 3

h) Short-wave component of tangential composite
error 1):
fi=Kg- (K7 +02fp)

Ko="e, forey=¢,+ 85 < 2
Ke=" fore, =g +g2>2

K=V K§ + K}
Kg =2+ 2,6 tmpy + 015|dp
Kg =15+ 2| ntyg + 0,12{

{see under item a) for f,,)

with ¢ = 1,4 up to tolerance class 8 and
¢ = 1,6 from tolerance class 8.

6 Tolerancing

When selecting the tolerances, both functional and
praduction requirements shall be taken into account.
The tolerances selected shall apply to the whole gauging
area, which, unless otherwise specified, is identical with
the theoretical zone of contact.

Bevel gears are often manufactured; gauged and installed
pairwise. In such cases, larger errors are permitted for
parameters such as pressure angle, helix angle and tooth
thickness than are permitted for single bevel gears.
Apart from specifying a particular tolerance class invalving
a specific allocation of tolerances, individual errors
derived from different tolerance classes may be grouped
together to make up a requirement.

7 Additional gauging methods

Gauging shall be carried out on the lines of DIN 3961.
For some errors, adequate gauging.methods are not as
yet available.

7.1 Radial run-out

The radial run-out shall be measured perpendicular to
the reference cone envelope.

Unless otherwise agreed, the radial run-out shall be
measured at mid-facewidth, recommended contact with
the gauging device being made at mid-depth of tooth.

7.2 Pitch error

Measurement of the pitch error is to be made preferen-
tially at mid-facewidth and approximately at mid-depth
of tooth.

7.3 Tangential composite error

Measurement of the tangential composite error is to be
made on the right-hand and left-hand flanks respectively.

The formulae given under items g) and h) above apply
for the gauging of a bevel gear with the aid of a master
bevel gear. In most cases, however, gauging is made with
the gear paired with its mating gear, Taking the quadratic
error propagation theorem as the basis, the following
tolerance is found for the working deviation of the bevel

ar pair:
gearp =R +F

1

This formulae also applies to the tangential composite
error, the tangential tooth-to-tooth composite error
and the short-wave component of the tangential composite
error.

Assuming a gear ratio, u, of 1, the long-wave component
of the tangential composite error can be taken as
fi="T11 =Tz if, by appropriate pairing and marking of
the bevel gears, the errors for the individual gears are so

1} See subclause 7.3.
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disposed that, in absolute terms, their sum is less than
or equal to the biggest long-wave component of the

db MR 279444L'00l2ket T HE

as installed condition shall also be considered for given

load increments. '

tangential composite error for the individual gear 2).”
The expression =+ fi2 + fi2 shall apply to gear
ratios unaqual to 1. For calculating the tolerances for
a particular bevel gear pair, the rounded values of the
individual gears shall be used.

8 Tooth contact pattern

The tooth contact pattern shall be determined with the
gears at their as installed distance, running under light
test load and with approximately &6 pm film thickness
of test medium (such as spotting lacquer or paste) applied.
During the contact pattern test it is also possible to check
the displacement capability of crowned teeth by
deliberate vertical and horizontal shifting of the axes.
Figure 2 shows an example of dimensioning the tooth
contact pattern in terms of position and size. DIN 3971

" gives examples of types of tooth contact pattern usually
obtained.

Tooth end

Figure 2. Dimensioning of tooth contact patterns of
bevel gears (all dimensions applying to the

Apart from the tooth contact pattern under test
projected tooth flank). ‘

conditions, the pattern obtained with the gears in their

Standards referred to
DIN 323 Part 1
DIN 3961

DIN 3965 Part 2
DIN 3965 Part 3
DIN 3966 Part 4
DIN 39871

Previous editions
DIN 3965 Part 1: 09.81.

Amendments

Preferred number and series of preferred numbers; basic values, calculated values, rounded values
Tolerances for cylindrical gear teeth; bases

Tolerancing of bevel gears; tolerances for individual parameters

Tolerancing of bevel gears; tolerances for composite and cumulative errors

Tolerancing of bevel gears; tolerances for shaft angle errors and axes intersection point deviation
Terminology and parameters for bevel gears and bevel gear pairs

The following amendments have been made in comparison with the September 1981 edition.
a) The status of the standard is no longer that of a preliminary standard.

b) The symbols denoting the components of the tangential composite errors, f, and Fp,, have been altered to /' and f]
respectively. -

¢) The standard has been editorially revised. ‘
Explanatory notes

DIN 3965 Parts 1 to 4 only provide information on the gear blank and on errors that can be measured by conventional
means.

The finer tolerances cannot yet be measured under production conditions. Nevertheless, the tables shown in DIN 3965
Parts 2 and 3 cover all diameter ranges, the fields crossed out indicating that for these diameter ranges no tolerances can
currently be specified.

In future, more advanced gauging and caiculation methods may allow errors to be dealt with, which have not as yet been
specified, such as profile errors, and more information to be provided regarding the accuracy of bevel gears.

The parameters (see clause 3) have been defined in DIN 3971, the aim of which was to include as many quantities as
possible without regard for the current feasibility or difficulty of their measurement.

The structure of the tolerance system for bevel gears has been brought into line with that for cylindrical gears. The
relationship between the parameters are the same, except for an overall shift_in the tolerance system by one tolerance
class. The tolerance system proposed may thus serve as an adequate basis for international discussion.

International Patent Classification

F 16 H 55/08
F 16 H55/17

2) This Is caused by the generally periodic behaviour of the long-wave component of the tangential composite error .
associated with one revolution of the gear.
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DIN
' f bevel
Tolerancing of bevel gears 3065

. Tolerances for individual parameters Part 2

Toleranzen fiir Kegelradverzahnungen; Supersedes September 1981 edition.
Toleranzen fiir Abweichungen einzelner BestimmungsgroBen

In keeping with current practice in standards published by the International Organization for Standardization (1SO),
a comma has been used throughout as the decimal marker.

1 Scope and field of application

The parameters for which tolerances have been given in this standard are defined in
DIN 3971. The tolerances specified apply for straight, skew and spiral bevel gears with
and without axial offset. See also DIN 3965 Part 1.

2 Tolerances

This standard specifies tolerances for the following parameters:
— adjacent pitch error, fy;

difference between adjacent pitches, fy, ;

cumulative pitch error, Fyy;

deviation from radial run-out, F..

In case of doubt, the German-language origina! should be consulted as the authoritative text.

Mo part of this standard may be reproduced without the prior permission of DIN Deutsches Institut fir Normung e. V., Berlin.

Continued on pages 2 to 16

Beuth Verlag GmbH, Berlin, has the exclusive right of sale for German Standards (DIN-Normen). - DIN 3965 Part 2 Engl. Price group 11
06.87 Sales No. 0111
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Normal module, my,: T mm to 2 mm

Tolerances in pm

Mean
reference Error fp
diameter, for tolerance class

dm,
in mm 1 2 3 4 5 6 7 8 9 10 11 12

Qver 1

1,5 2,5 35 4,5 6,5 9,0 13 18 28 45 72 115
upto 10

Over 10

upto 50 20 25 35 50 65 95 13 19 30 47 76 121

Over 50

upto 125 20 25 3,6 50 7.0 10 14 20 32 51 91 130

Over 125

upto 280 20 3,0 4,0 6,5 75 11 5 21 34 54 87 139

Over 280
upto 560

Over 560
up to 1000

Over 1000
up to 1600

Over 1600
up to 2500

Mean
reference Error fy,
diameter, for tolerance class

dpy,

in mm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1

upto 10 20 3,0 40 56 80 1" 16 22 35 56 90 145

Over 10

20 3,0 45 6,0 8,5 12 17 23 37 89 95 152
upto 50

Over 60

upto 126 25 35 45 8,5 9.0 13 18 25 40 63 102 163

Over 125
upto 280 25 3,5 5,0 70 9,5 14 19 27 43 68 109 175

Over 280
upto 560

Over 560
up to 1000

Over 1000
up to 1600

Over 1600
up to 2600
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' Normal module, mpy,: 1 mm to 2 mm

Tolerances in um

DIN 3965 Part 2 Page 3

Mean
reference
diameter,

m,
in mm

Error I

for tolerance class

Over
up to

1
10

3.5

50

70

9,5

13

19

26

36

58 93 149 239

Over
up to

10
50

50

7.0

10

14

19

27

38

53

85 135 217 347

Over
up to

50
125

6,56

9,0

13

18

25

34

48

67

108 172 276 441

Over
up to

125
280

7.5

11

15

21

29

40

57

79

127 203 325 520

. Over

up to

280
560

Over
up to

560
1000

Over
up to

1000
1600

Over
up to

1600
2500

Mean
reference
diameter,

m,
in mm

Error F,

for tolerance class

. Over

up to

1
10

3,0

4,0

55

75

11

16

21

29

41 57 80 112

Over
up to

10
50

35

5,0

7.0

95

27

37

52 73 102 143

Over
up to

50
126

45

6,0

85

16

23

32

45

63 88 123 172

Over
upto

125
280

50

7.0

9.5

13

19

26

37

52

72 101 142 198

Over
up to

280
560

Over
up to

)
1000

Over
up to

1000
1600

Over 1600

. up to 2500
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Page 4 DIN 3965 Part 2

Normal module, My, over 2 mm up to and including 3,55 mm

Tolerances in um

Mean
reference Error fp
diameter, for tolerance class

A,

in mm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1 O

upto 10 L ——— I R S

Over 10

2,0 2,5 35 5,0 75 10 14 20 32 51 82 131
upto 60

Over 50

20 3,0 4,0 55 8,0 11 15 21 34 54 87 139
upto 125

Over 126
upto 280 2,0 3,0 40 6,0 8,5 12 16 23 36 58 93 149

Over 280

upto 560 25 356 45 65 9,0 13 18 25 39 63 101 161

Over 560
up to 1000

Over 1000
up to 1600

Over 1600
up to 2500

Mean
reference Ervor fy
diameter, for tolerance class

dm,

in mm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1 R R e

upto 10

Over 10

2,5 3,5 4.5 6,5 9,0 13 18 25 40 64 103 165
upto 50

Over B0

upto 125 2,5 35 50 70 95 14 19 . 27 43 68 109 178

Over 125

upto 280 25 4,0 55 75 10 15 20 29 46 73 117 187

Over 280

upte 560 30 4,0 6,0 80 11 16 22 31 50 79 127 203

Over 560
up to 1000

QOver 1000
up to 1600

Over 1600
up to 2500
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. Normal module, 72,5, : over 2 mm up to and including 3,55 mm

Tolerances in pm

Mean
reference Error Iy,
diameter, for tolerance class

dm I

in mm 1 2 3 4 5 6 7 8 9 10 1 12

Over 1 — I —

up to 10 | ] ]

Over 10 .
upto 50 55 75 11 16 21 30 41 68 93 148 237 379

Over 60 :
upto 126 70 10 14 19 27 38 53 74 118 189 302 483

QOver 125
upto 280 8,0 12 16 23 32 44 62 87 139 222 3565 569

. Over 280

upto 560 95 13 19 26 36 51 72 100 160 256 410 666

Over 560
up to 1000

Over 1000
up to 1600

Over 1600
up to 2500

Mean
reference Error F,
diameter, for tolerance class

dm,

inmm 1 2 3 4 5 6 7 8 9 10 11 12
. Over 1

upto 10 . e —r] ]

Over 10 _
upto 50 4,0 6,0 80 11 16 22 31 44 61 85 120 168

Over 60 , .
upto 125 5,0 7.0 9,5 14 19 27 37 b2 73 103 144 201

Over 126
upto 280 5,5 8,0 ih 16 22 31 43 60 84 118 165 231

Over 280
upto 560 85 9,0 13 18 25 35 49 68 96 134 187 262

Over 560
up to 1000

Over 1000
up to 1600

Over 1600

. up to 2600
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Normal module, my,,: over 3,585 mm up to and including 6 mm
Tolerances in pm
Mean
reference Error f,
diameter, for tolerance class
A,
in mm 1 2 3 4 5 6 7 8 9 10 11 12
Over 1 I e e R ]
upto 10 I ’_’__/><\\\\
Over - 10 20 30 4,0 6,0 80 11 16 22 36 57 92 147
upto 50
Over = 50 | o0 | 80 | 45 | 60 | 85 | 12 | 17 | 21 | 38 | et 97 | 185
upto 125
Over 125
upto 280 2.5 3.5 4.5 6,5 9,0 13 18 25 40 64 103 164
Over 280
upto 560 2,5 3,6 5,0 70 10 14 19 27 43 69 110 177
Over 560
up to 1000 30 4,0 55 75 11 15 21 29 47 75 120 192
Over 1000
up to 1600 30 4,0 6,0 85 12 16 23 32 61 81 130 208
Over 1600
up to 2500
Mean
reference Error f,,
diameter, for tolerance class
.
in mm 1 2 3 4 5 6 7 8 2] 10 11 12
|
Over 1 ] \______.’—————-’—‘
upto 10 ____,____-———-——> —] — ]
Over 10 .
upto 50 2,5 35 5,0 7,5 10 14 20 28 45 72 115 184
Over 60 . 5 i
upto 125 30 4,0 55 7,5 " 15 2 30 4 76 | 122 | 19
Over 125 :
upto 280 3,0 4,0 6,0 8,0 11 16 23 32 50 81 129 207
Over 280
upto 560 30 45 6,5 9,0 12 17 24 34 54 87 139 222
Over 560
up to 1000 35 50 70 9,5 13 19 26 37 59 94 151 241
Over 1000 .
up to 1600 4,0 5,5 75 10 15 20 29 40 64 102 164 262
Over 1600
up to 2500 /,,

—
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. Normal module, m,,: over 3,66 mm up to and including 8 mm
Tolerances in pm
Mean
reference Error Iy
diameter, for tolerance class
A,
in mm 1 2 3 4 5} 6 7 8 9 10 11 12
upto 10 | ]
Over 10
upto 5O 6,0 8,5 12 16 23 32 45 63 100 160 257 410
Over 50 75 11 15 21 28 41 57 80 127 204 326 522
upto 126
Over 125
. upto 280 9,0 12 17 24 34 48 67 94 150 240 384 615
Over 280 | ., | 4, 20 | 28 | 30 [ &5 | 77 | 108 | 173 | 277 | 443 | 710
upto 560
Over 560
up to 1000 12 16 23 32 45 62 87 122 196 313 601 801
Over 1000
up to 1600 13 18 25 35 49 69 96 135 216 346 553 885
Over 1600
up to 2500
Mean
reference Error Fy
diameter, for tolerance class
dm ¢
. in mm 1 2 3 4 5 6 7 8 9 10 11 12
Over 1 I B ! N o t—T]
up to 10 ///___,—>—<\\\\
Over 10
upto 50 5,5 6,5 9,5 13 18 26 36 50 70 99 138 193
Over b0 R
upto 125 55 8,0 11 16 22 31 43 60 84 117 164 30
Over 125
upto 280 6,5 9,0 13 18 25 35 49 68 96 134 188 263
Over 280
upto 560 75 10 14 20 28 40 55 78 109 152 213 208
Over 560
up to 1000 8,0 12 16 23 32 44 62 87 121 170 238 333
Over 1000
up to 1600 9,0 13 18 25 35 49 68 95 134 187 262 366
Over 1600
. up to 2500

Copyright by the DIN Deutsches Institut Fur Normung E V
Sat Aug 15 18:01:48 1998



DIN 39b5%PTx2 8L M 279444 0012634 9 M

Page 8 DIN 3965 Part 2

Normal module, m,,: over 8 mm up to and including 10 mm .

Tolerances in pm

Mean
reference Error fp
diameter, . for tolerance class

Ay, ’

in mm q 2 3 4 5 6 7 8 9 10 1 12
Over 1 B Ena R U N I B ————
upto 10 1 ||

" DEEEE—

Over 10
upio 50 25 3,6 50 7.0 96 13 19 26 42 67 107 172
Over 60
upto 125 25 35 50 7.0 10 14 20 27 44 70 112 180
Sgi:) ;gg 25 | 40 | 855 | 75 | 11 15 | 21 20 | 46 | 74 | 118 | 189
Over 280 ) ‘
upto 560 30 4,0 55 80 11 16 22 31 49 79 126 202
8;‘1:) 1ggg 30 | 45 | 60 | 85 | 12 17 | 24 | 33 | 53 | 8 | 135 | 216
L?;iz, }238 35 4,5 6,5 9,0 13 18 25 35 57 91 145 | 233
Over 1600
up to 2500 3,5 50 7.0 10 14 20 27 38 61 98 157 251

Mean
reference Error f
diameter, for tolerance class

.

in mm 1 2 37 4 5 6 7 8 9 10 11 12 .
Over 1 \\\\> [ B mmm————y
upto 10 | <\\\

emn— I —

Over 10
upto 50 3,0 4,5 6,0 . 856 12 17 24 33 53 84 135 216
Over 50
upto 125 36 | 45 | 65 90 | 18 18 25 35 55 88 | 141 | 226

er 125
3; to 280 35 50 7.0 9,5 13 19 26 36 58 93 | 149 | 238 -
Ove . . ]
up tro égg 35 5,0 7.0 10 14 20 28 39 62 29 159 254
Over 560
up to 1000 4,0 55 75 M 15 21 30 42 67 107 170 273
Over 1000 )
Lp to 1600 40 6,0 8,56 12 16 23 32 45 72 115 183 293
Qver 1600
up to 2500 45 | 65 | 90 | 13 18 25 34 48 77 124 | 198 | 316 .
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‘ Normal module, myy: over 8 mm up to and including 10 mm
Tolerances in um
Mean
reference Error Fy,
diameter, for tolerance class
G,
in mm 1 2 3 4 5 -6 7 8 9 10 11 12
Over ! \\\\><‘ ——’——’/
upto 10 1 1 |
] S ——
O
u;i';) ;g 6,6 9,0 13 18 25 34 48 67 108 173 276 442
S;i; 12(5) 80 | 1 18 22 31 44 61 86 | 137 | 220 | 351 | 662
Sget:) ;gg 95 | 13 19 26 a7 52 72 | 101 162 | 259 | 414 | 662
l?l;let:) ggg 11 15 22 30 42 59 83 17 187 298 478 764
3;?;) 1 3(6)8 12 17 24 34 48 67 94 132 211 337 539 863
Over 1000
up to 1600 14 19 27 38 53 74 104 145 233 372 596 953
l?r‘)li:) ;ggg 15 21 30 4 58 81 113 159 254 4086 650 1040
Mean
reference Error F,
diameter, for tolerance class
dn,
. in mm 1 2 3 4 5 6 7 8 9 10 11 12
y Over 1 T i S R ] I —————
up to 10 /><\\
_‘—"‘—'—_———— \\
Over 10
upto 50 55 7.5 11 15 21 30 41 58 81 113 159 222
Over 50
upto 125 6,5 9,0 13 18 25 35, 49 68 96 134 187 262
Over 12b
upto 280 75 10 14 20 28 40 55 78 109 152 213 208
Over 280
upto 560 85 12 16 23 32 45 62 87 122 171 240 336
Over 560
up to 1000 9,0 13 18 25 35 850 70 97 136 191 267 374
Over 1000 _
up to 1600 10 14 20 28 39 55 76 107 150 210 293 411
Over 1600
‘ up to 2500 11 15 22 30 42 59 83 116 | 163 | 228 | 319 | 447

i
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Normal module, my,,: over 10 mm up to and including 16 mm °

Tolerances in um

Mean
reference . Error fy
diameter, for tolerance class
dm.
in mm 1 2 3 4 5 8 7 8 9 10 11 12
Over 1 — L1
S —
upto 10 T — ] | ]
Over 10 ] I
e
upto 50 ] I
Over 50
upto 125 3,0 4,5 6,0 8,5 12 17 24 33 53 85 137 219
L?;i:) ;gg 35 | 45 65 90 | 18 18 25 35 56 89 | 143 | 228
Over 280 .
upto 560 35 50 70 95 13 19 26 37 59 94 150 240
O 560 .
u;i; 1000 35 | 50 | 70 | 10 14 | 20 | 28 | 39 | e2 | 100 | 160 | 255
Over 1000
up to 1600 4,0 55 75 11 15 21 30 41 66 106 170 272
Over 1600
up to 2500 4,0 6,0 8,0 12 16 23 32 44 71 113 181 290
Mean
reference Error fy
diameter, for tolerance class
dm,
in mm 1 2 3 4 5 (5} 7 8 9 10 11 1‘2 .
Over 1 T —— ]
upto 10 T ]
Over 10 1 ———
— |
upto 50 L —] T —
Over 50
upto 125 40 55 80 11 15 21 30 42 67 108 172 276
Over 125
upto 280 40 6,0 8,0 11 16 22 31 44 70 112 180 288
Over 280
upio 560 4,5 6,0 8,5 12 17 24 33 46 74 119 190 303
Over 560
up to 1000 4,5 6,5 8.0 13 18 25 35 49 79 126 201 322
Over 1000
up to 1600 5,0 7,0 9.5 14 19 27 37 52 84 134 214 343
Over 1600
up to 2500 55 | 75 | 10 15 | 20 | 28 | 40 | 56 | 89 | 143 | 220 | 366 ()
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. Normal module, myy,: over 10 mm up to and including 16 mm
Tolerances in um
Mean
reference Error Fy
diameter, for tolerance class
dm T
in mm 1 2 3 4 5 6 7 8 9 10 11 12
Over 1 — [—
— | —
upto 10 \\ //
Qver 10 | — |
upto 60 ] ]
Over B0 .
upto 125 85 12 17 24 34 47 66 92 147 236 377 603
Over 126 10 14 20 28 40 | 55 77 | 108 | 173 | 278 | 444 | 710
‘ up to 280
Over 280 12 17 23 33 46 64 89 | 125 | 200 | 320 | 512 | 820
upto 560
Over 560
up to 1000 13 19 26 37 51 72 101 141 226 361 578 925
Over 1000
up to 1600 15 21 29 41 57 80 111 156 250 399 639 1022
Over 1600 ) _
up to 2600 16 23 32 44 62 87 122 170 272 436 697 1116
a Mean
reference Error F,
diameter, for tolerance class
dn,
. in mm 1 2 3 4 5 6 7 8 9 10 11 12
Over 1 I ]
upto 10 T |
Over 10 A |
upto 50 1] T —
Over 60
upto 126 7.5 10 14 20 28 40 56 78 109 152 213 299
Over 125
8,5 2 6 3 5 6 1
upto 280 ¥ 1 ‘ 1 23 32 4 3 88 23 172 241 337
Over 280 :
upto 560 9,5 13 ' 18 26 36 50 70 a8 138 193 270 378
Qver 560
up to 1000 10 14 20 28 40 56 78 109 153 214 299 419
Over 1000
up to 1600 11 16 22 31 43 61 85 119 167 234 327 458
Over 1600
. up to 2600 12 17 24 34 47 66 92 129 181 253 355 497

o
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Normal maodule, my,,: over 16 mm up to and including 25 mm

Tolerances in pm

Mean

reference Error f;,

diameter, for tolerance class

dm:

in mm 1 2 3 4 5 6 7 8 9 10 1 12
Over 1 R | —
upto 10 ] | ]
Over 10 // ‘\\
upto 50 ] T —
Over 50 40 | 55 | 8o | 11 | 15 | 22 | s | 42 | 68 | 108 | 173 | 277
upto 125
Over 126 40 | 60 | 80 | 11 16 | 22 | 31 | 44 | 70 | 112 | 179 | 286
upto 280
Over 280 45 | 60 | 85 | 12 | 17 | 23 | a3 | 46 | 73 | 117 | 187 | 200
up to 560
Over 660

2

up to 1000 4,5 6.5 9,0 12 17 24 34 48 77 12 196 314
Over 1000 50 | 65 95 | 13 18 26 36 50 81 128 | 206 | 330
up to 1600
Over 1600 50 | 70 | 10 14 19 | 27 | 38 53 | 85 | 138 | 217 | a48
up to 2500

Mean .

reference Error fy

diameter, for tolerance class

.

in mm 1 2 3 4 5 6 7 8 9 10 11 12
Over 1 \\ /,/
upto 10 T —— ] | —]
Over 10 ] | -
upto 50 | — ] \\
Over 50
upto 125 50 | 7.0 10 14 19 27 38 53 85 | 137 | 219 | 3850
Over 125
upto 280 50 75 10 14 20 28 39 55 88 141 226 362
Over 280
upto 560 55 75 11 15 21 20 41 58 92 | 147 | 236 | a7z
Over 560 55 | 80 11 16 22 31 43 80 97 | 155 | 248 | 396
up to 1000 )
Over 1000 .
up 1o 1600 60 | 85 12 17 23 32 45 64 102 | 163 | 261 | 417
Over 1600
up to 2500 85 | 90 12 17 24 34 48 67 107 | 172 | 275 | 440
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. Normal module, mp,: over 16 mm up to and including 26 mm

Tolerances in pm

Mean
reference Error Fy
diameter, for tolerance class

Am,

in mm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1 | L
upto 10 I "

Over 10 "] I
upto 5O | e

Over 50
upto 125

9,5 13 18 26 36 50 70 98 157 251 402 644

Qver 125
upto 280

‘ Over 280

upto 560

11 15 22 30 42 59 83 116 185 296 474 759

13 18 26 35 49 68 95 134 214 342 547 875

Over b60
up to 1000

Over 1000
up to 1600

Over 1600
up to 2500

14 20 28 39 55 77 108 151 241 386 617 988

16 22 31 43 61 85 119 167 267 426 682 1092

17 24 34 47 66 93 130 182 291 465 744 1191

Mean
reference Error F,.
diameter, for tolerance class

dm '
‘ in mm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1 R "]
upto 10 I "]

Over 10 I —— |
upto 50 ] I

Qver 50

upto 125 85 12 16 23 32 45 63 88 123 178 242 339

Over 125

upto 280 9,6 13 18 28 36 50 71 99 138 194 271 379

Over 280

upto 560 10 15 20 28 40 56 79 110 154 216 302 423

Over 560
up to 1000

Over 1000
up to 1600

Over 1600
' up to 2500 14 19 27 37 62 73 | 102 | 143 | 200 | 280 | 393 | 550

12 16 23 32 44 62 87 121 170 238 333 467

13 18 25 34 48 68 g5 132 185 269 363 509
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Normal module, m,,: over 25 mm up to and including 50 mm

Tolerances in pm

Mean
reference
diameter,

dm,

in mm

for tolerance class

¢}

Error f

11

12

Over 1
upto 10

Over 10
upte 50

==

Over 50
upto 126

Over 125
upto 280

6,0

8,5

12

16

23

32

44

62

100

159

255

408

Over 280
upto 560

8,0

8,5

12

17

23

33

46

64

103

164

263

421

Over 560
up to 1000

8,5

9,0

17

24

34

47

66

106

170

272

435

Over 1000
up to 1600

6,5

9,0

18

25

35

49

68

110

176

282

452

Over 1600
up to 2500

70

9,5

26

37

51

72

1156

183

294

470

Mean
reference
diameter,

A,

inmm

Error fu

for tolerance class

11

12

Over 1
upto 10

Over 10
upto 50

Over 50
upto 125

Over 125
upto 280

7,5

15

21

29

40

56

79

126

202

323

516

Over 280
up to 560

7,5

16

21

30

41

58

81

130

208

333

532

Over 560
up to 1000

80

16

22

31

43

60

84

134

215

344

551

Over 1000
up to 1600

85

12

16

23

32

44

62

87

140

223

357

571

Over 1600
up to 2500

85

12

17

24

33

46

65

91

145

232

372

595
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. Normal module, myy: over 25 mm up to and including 50 mm
Tolerances in um
Mean
reference Error Iy
diameter, for tolerance class
dm:
in mm 1 2 3 4 5 6 7 8 9 10 11 12
Over 1 R L —]
upto 10 [ L —
QOver 10
upto 50 ><
Over 50 L ]
upto 125 L] S
Over 125
‘ upto 280 12 17 23 33 46 64 90 126 201 | 321 514 823
Over 280
upto 560 14 19 27 38 53 74 103 145 232 371 593 949
Over 560
up to 1000 16 22 30 43 60 783 117 163 262 419 670 1071
Over 1000
up to 1600 17 24 34 47 66 92 129 181 289 463 740 1184
Over 1600
up to 2600 19 26 37 51 72 101 141 197 315 505 808 1292
Mean
reference Error Fy
diameter, for tolerance class
A,
. : in mm 1 2 3 4 5 [ 7 8 9 10 11 12
Over 1 ~—— L
up to 10 D /
Over 10 l —]
upto 5O >\
Over B0 L] ]
upto 125 L] T
Over 125 11 15 21 30 42 59 82 | 115 | 161 | 226 | 316 | 443
upto 280
Over 280 12 17 24 33 48 65 91 | 128 | 179 | 250 | 350 | 490
upto 560
Over 560
up to 1000 13 19 26 36 51 71 100 140 196 274 384 537
Over 1000
up to 1600 14 20 28 39 55 77 108 152 212 297 416 582
Over 1600
() 4 0 2500 15 | 22 | 30 | 42 | 50 | 8 | 116 | 163 | 228 | 320 | 447 | 626
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Standards referred to
DIN 3965 Part 1 Tolerancing of bevel gears; basic concepts '
DIN 3971 Terminology and parameters for bevel gears and bevel gear pairs

Previous editions
DIN 3965 Part 2: 09.81.

Amendments

The following amendments have been made in comparison with the September 1981 edition.
a) The status of the standard is no longer that of a preliminary standard.
b) The standard has been editorially revised.

Explanatory notes

DIN 3965 Parts 1 to 4 provide only information on the gear blank and on errors that can be measured by conventional
means.

The finer tolerances cannot yet be measured under production conditions. Nevertheless, the tables shown in DIN 3965
Parts 2 and 3 cover all diameter ranges, the fields crossed out indicating that for these diameter ranges no tolerances can
currently be specified. _

In futuré, more advanced gauging and calculation methods may allow errors to be dealt with, which have not as yet been .
specified, such as profile errors, and more information to be provided regarding the accuracy of bevel gears.

The parameters (see clause 3) have been defined in DIN 3971, the aim of which was to include as many quantities as
possible without regard for the current feasibility or difficulty of their measurement.

The structure of the tolerance system for bevel gears has been brought into line with that for cylindrical gears. The
relationship between the parameters are the same, except for an overall shift in the tolerance system by one tolerance
class. The tolerance system proposed may thus serve as an adequate basis for international discussion.

International Patent Classification

F 16 H 55/08
F 16 H 656/17
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o DIN
Tolerancing of bevel gears =
g g 3965

. Tolerances for tangential composite errors. Part 3

Toleranzen fiir Kegelradverzahnungen; Supersedes September 1981 edition.
Toleranzen fiir Walzabweichungen

In keeping with current practice in standards published by the International Organization for Standardization (1S0),
a comma has been used throughout as the decimal marker.

1 Scope and field of application

The parameters for which tolerances have been given in this standard are defined in
DIN 3971. The tolerances specified apply for straight, skew and spiral bevel gears with
and without axial offset. See also DIN 3965 Part 1.

2 Tolerances

This standard specifies tolerances for the following parameters:
— tangential composite error, Fy;

— tangential tooth-to-tooth composite error, fi;

— long-wave component of tangential composite error, fi;

— short-wave component of tangential composite error, fi..

fi: is abtained by multiplying the relevant tabulated value by Kg, which is a function
of the total overlap, ¢,, and is given by

1
Ke=7%, for g, less than 2 and

Kg=0,5 for &, not less than 2.

In case of doubt, the German-language original should be consuited as the authoritative text.

No part of this standard may be reproduced without the prior permission of DIN Deutsches Institut fiir Normung e.V., Berlin.

Continued on pages 2 to 16

Beuth Verlag GmbH, Berlin, has the exclusive right of sale for German Standards (DIN-Normen). DIN 3965 Part 3 Eng[, Price group 11
06.87
Sales No, 0111
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Normal module; mpyn: 1 mm to 2 mm

Tolerances in um

00L26b44 1 EN

Mean
reference
diameter,

' dm !
in mm

Error Fj
for tolerance class

10

11

12

Over 1
upto 10

4,5

6,5

9,0 12 17 24 34 47

76

121

183

309

Over 10
upto 50

55

8,0

11 16 22 31 43 60

97

155

247

396

Over 50
upto 125

70

9,6

13 19 26 37 51 72

115

184

2904

471

Over 125
upto 280

75

11

15 21 30 42 58 81

130

209

334

534

Over 280
up to 560

Qver 560
up to 1000

Over 1000
up to 1600

Over 1600
up to 2500

Mean
reference
diameter,

. dm 4
in mm

Error f;

for tolerance class

3 4 5 6 7 8

10

11

Over 1
upto 10

25

35

50 75 10 14 20 28

45

72

116

184

Over 10
upto b0

25

4,0

55 75 10 16 21 29

46

74

118

188

Over 50
upto 125

3,0

40

55 75 -1 15 21 30

47

76

121

194

Over 125
upto 280

3.0

4,0

55 8,0 11 16 22 31

49

78

126

201

Over 280
upto 560

Over 560
up to 1000

Over 1000
up to 1600

Over 1600
up to 2500
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‘ Normal module, my,: 1 mm to 2 mm
Tolerances in pm
Mean
reference Error fi/Kg
" diameter, for tolerance class
dn.
in mm 1 2 3 4 5 6 7 8 9 10 | n 12
Over 1 30 | 40 | 55 | 76| 11 | 15 | 21 | 20 | a7 | 74 | 119 | 120
upto 10
Over 10 30 | 40 | 6o | 80| 11 | 18 | 22 | 31 | 50 | 8 | 120 | 206
upto 50
Owr 80 | 35 | 45 | 65 | 90| 13 | 18 | 25 | 35 | 56 | 80 | 142 | 228
upto 125
Over 125 85 | 50 | 70 |10 | 14 | 20 | 28 | 39 | e2 | 99 | 188 | 253
upto 280
‘ Over 280
up to 560
Over 560
up to 1000
Over 1000
up to 1600
Over 1600
up to 2500
Mean
reference Eror fi ")
diameter, for tolerance class
dm
in mm 1 2 3 4 5 6 7 8 9 10 11 12
‘ Over 1 45 | 60 | 85 | 12 17 24 33 46 74 | 118 | 180 | 302
upto 10
Gver 10 55 | 80 | 11 15 | 21 30 | 42 | s9 | o4 | 151 | 241 | a8
upto 50
Over 50
ipto 125 75 | 10 14 20 | 28 30 | 55 | 77 | 123 | 197 | 316 | 505
Over 125 85 | 13 18 25 36 50 70 98 | 166 | 250 | 401 | 641
upto 280
Over 280
ipto 560 12 17 | 23 32 | 45 64 | 8 | 125 | 200 | 319 | 511 | 818
Over 580 ’
up ta 1000 15 21 29 41 57 80 | 112 | 157 | 251 | 402 | 644 | 1030
Over 1000 | 45 | 95 | 36 50 | 70 98 | 138 | 193 | 308 | 494 | 790 | 1264
up to 1600
Over 1600 1 95 | a1 |48 | 61 | 8 | 119 | 166 | 233 | ar2 | 595 | 953 | 1524
up to 2600
. *) Applies to all modules.
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Normal module, m,,,: over 2 mm to up and including 3,55 mm . .

Tolerances in um

Mean
reference Error Fy
diameter, for tolerance class

dn,

in mm 1 2 3 4 5 6 7 8 9 10 ih 12

Qver 1 T

upto 10 .

Over 10
upte 50

Over 60
upto 125

6,5 9,0 13 18 25 35 49 69 110 176 282 451

76 11 15 21 30 42 58 81 130 208 333 533

Over 125
upto 280 85 12 17 24 33 47 66 92 147 2356 376 602

Over 280 .

upto 560 85 | 14 19 | 27 | a7 | b2 | 73 | 108 | 1e4 | 262 | 420 | 672

Over 560
up to 1000

Over 1000
up to 1600

Over 1600
up to 2500

Mean
reference Error fi
diameter, for tolerance class

dm,
in mm 1 2 3 4 5 6 7 8 9 10 1 12
Over 1

upto 10 I B gy

Over 10

wpto 5O 30 | 45 | 65 | 90 | 12 17 | 24 | 3¢ | 54 | 8 | 138 | 221

Over 60

upto 125 856 45 6,5 9,0 13 18 25 35 55 88 141 296

Over 126

upto 280 3.5 45 6,5 9,56 13 18 25 36 57 91 146 | 233

Over 280
up to 560

Over 560
up to 1000

3.5 50 70 9,5 13 19 26 37 59 94 151 242

Over 1000
up to 1600

Over 1600 ) )
up to 2500 _ .
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. Normal module, my,,: over 2 mm up to and including 3,55 mm

Tolerances in pm

Mean
referance Error fi./Kg
diameter, for tolerance class

dm t

in mm 1 2 3 4 5 6 7 8 9 10 11 12

Ma—
Over 1 T T

upto 10 Lt T

Over 10 | 35 | 50 | 70 | 95| 14 | 19 | 27 | a7 | s9 | o5 | 152 | 244
upto 60

Over 50
upto 125 40 55 75 11 15 21 29 40 65 104 166 265

Over 125
upto 280 4,0 6,0 8,0 12 16 23 32 44 71 113 182 290

Over 280 45 | 65 | 90 | 13 18 | 25 | a5 | 49 | 79 | 126 | 202 | 323
up to 560

Over 560
up to 1000

Qver 1000
up to 1600

Over 1600
up to 2500
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Normal module, m,,: over 3,55 mm up to and including 6 mm .

Tolerances in pm

Mean '
reference ) . Error Iy

diameter, for tolerance class

[/

in mm 1 2 3 4 5 6 7 8 9 10 1 12
Over 1 I e S . T ]
upto 10 T | ]
Over 10 75 | 10 16 20 29 40 56 78 | 125 | 200 | 320 | 513
upto 50 ;
Over 50 85 | 12 | 17 | 24 | 33 | 47 | e | 92 | 147 | 235 | 376 | 602
upto 125 .
Over 125
upto 280 10 14 19 27 38 53 74 103 | 165 | 264 | 423 | eve .
Over 280 |, 15 21 |. %0 42 | s9 82 | 115 | 184 | 204 | 470 | 752
up to 560

Over - 560 12 17 23 33 46 64 90 | 126 | 201 | 322 | 516 | 895
up to 1000
Over 1000 ]
up to 1600 13 18 25 365 50 69 07 136 | 218 | 349 | 558 | 83
Over 1600
up to 2600

Mean )

reference Error fi

diameter, for tolerance class

dm,

in mm 1 2 3 4 5 8 7 -8 9 10 1 12 .
Over 1 Tt | e —_—]
upto 10 —“"‘f"><\\\\
Over 10 40 5,5 75 10 15 21 29 40 64 103 | 165 | 264
upte 60
Over 50 40 | 85 | 75 | 11 | 15 | 21 | 20 | 41 | e | 105 | 169 | 270
upto 125
Over 125
upto 280 40 55 | 80 11 15 22 30 42 67 108 | 173 | 278
QOver 280
upto 560 40 | 60 | 80 | 11 16 22 31 43 70 | 111 | 178 | 285
Over 560
up to 1000 45 | 60 | 85 12 16 23 32 45 72 115 | 185 | 295
Over 1000
up o 1600 45 | 60 | 85 12 17 24 33 47 75 | 120 | 192 | a3o7
Over 1600 | = ——
up to 2500 \ '

Copyright by the DIN Deutsches Institut Fur Normung E V
Sat Aug 15 18:02:17 1998



DIN 39b5%PT%3 8L W 279444k D0l2kL4YS O HE

DIN 3965 Part 3 Page 7

. Normal module, myy,: over 3,66 mm up to and including 6 mm

Tolerances in pm

Mean

reference Error fi./Ke

dlameter, for tolerance class

dm.

in mm 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
Over 1 \><—’—/ |
upto 10 ] T ]
Over 10 | 40 | 60 | 80 | 11 | 16 | 22 | 81 | 44 | 70 | 113 | 180 | 288
upto b0
Over 80 | 45 | 65 | 90| 12 | 17 | 24 | 84 | a7 | 76 | 121 | 104 | 80
upto 125
Over 125 | 56 | 70 | o5 | 13 | 19 | 26 | 37 | 1 82 | 131 | 209 | 335

. upto 280
' Quer 280 | 55 | 75 | 10 15 | 20 | 20 | 40 | 56 90 | 144 | 230 | 368

upto 560
Over 860 | g5 | g0 | 12 | 16 | 23 | 32 | 44 | 62 | 99 | 150 | 254 | 407
up to 1000
Over 1000 | g5 | 90 | 18 | 18 | 25 | 35 | 49 | eo | 110 | 176 | 281 | 450
up to 1600
Over 1600
up to 2500 ) \
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Normal moduls, my,,: over 6 mm up to and including 10 mm . ‘

Tolerances in pm

Mean
reference Error Fy
diameter, for tolerance class
dpn.
inmm 1 2 3 4 5 6 7 8 9 10 1 12
Over 1 I P s R b —T |
upto 10 ____,__’———"‘: :\\\
Sgi:, ;8 85 | 12 | 17 | 23 | 33 | 46 64 | 90 | 144 | 230 | 38 | 589
Ov 50
into 125 | 10 14 | 19 | 27 | 88 | 53 | 75 | 105 | 167 | 268 | 428 | e85
8;‘1’0 ;?{3 11 16 | 22 | 30 | 43 | &0 83 | 117 | 187 | 209 | 478 | 765
Over 280 .
pto 560 12 17 24 | 34 47 66 92 | 120 | 207 | 331 | 520 | 847
Over 560
u;igmoo 13 19 | 26 | 87 | 5 | 72 | 101 | 141 | 226 | 362 | 578 | 925
uor‘)’et:) :ggg 14 | 20 | 28 | 40 | 85 | 78 | 109 | 152 | 244 | 390 | 624 | o998
Over 1600
u;izzsoo 15 22 | 30 | 42 | 59 | 83 | 116 | 163 | 261 | 417 | ee7 | 1068
Mean . )
reference Error f{
diameter, for tolerance class
de,
inmm 1 2 3 4 5 6 7 8 2] 10 11 12 ‘
Over 1 \\\\  _ —
upto 10 —_—_______><\\
Over 10
wto 50 45 | 65 95 | 13 18 25 36 50 80 | 127 | 204 | 326
Over 50
upto 125 50 | 65 95 | 13 18 26 36 51 81 | 130 | 207 | 332
QOver 1256
upto 280 50 | 70 95 | 13 19 26 37 52 83 | 132 | 212 | 338
Over 280
upto 560 50 | 70 | 10 14 19 27 38 53 85 | 138 | 217 | 347
560
Sgi:)moo 50 | 70 | 10 14 20 28 39 55 87 | 140 | 223 | 357
Over 1000
ugiomoo 55 | 75 | 10 15 | 21 | 209 | 40 | 56 | 90 | 144 | 231 | 360
Over 1600
up to 2500 55 75 11 15 21 30 42 58 93 149 | 238 | 382 ‘
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. Normal madule, my,y: over 6 mm up to and including 10 mm

Tolerances in ym

Mean

reference Error f;/Kg

diameter, for tolerance class

A,

inmm 1 2 3 4 5 6 7 8 9 10 1 12

Over 1 R R e N I B

upto 10 _._—-—-————-‘: — 1 L]

Over 10 1 50 | 70| 10 | 14 | 19 | 27 | a8 | 88 | 84 | 135 | 215 | 344

upto 50

Over 80

upto 125 55 7.5 10 15 20 29 40 56 89 | 143 | 229 | 366

Over 125 1 55 | go | 11 | 16 | 22 | 30 | 43 | 60 | o6 | 153 | 245 | 391
‘ upto 280

Ovar - 280 60 85 12 17 24 a3 46 65 103 | 168 | 265 | 424

upto 560

Over 560

up to 1000 6,5 8,5 13 18 26 36 50 71 113 | 181 289 | 463

Over 1000

up to 1600 7.5 10 14 20 28 39 56 | 77 123 | 198 | 316 | 508

Qver 1600

up to 2500 85 11 16 22 31 .43 60 84 135 | 216 | 346 | 554

Copyright by the DIN Deutsches Institut Fur Normung E V
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Normal module, m,,,,: over 10 mm up to and including 16 mm .

Tolerances in ym

Mean
.

reference ] Elrror F{
diameter, or tolerance class
dm ]

in mm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1 ] —]
upto 10 P— —
Over 10 o] T
upto 50 | I

Over 50 11 16 22 31 44 61 86 | 120 | 192 | 308 | 492 | 788
upto 126

Over 125 13 | 18 | 25 | 35 | 49 | es 95 | 133 | 213 | 341 | 546 | o74
upto 280

Over 280 .
14 19 27 38 53 75 105 147 235 375 601 961
upto 560

Over 560 15
up to 1000

Over 1000
up to 1600

Over 1600
up to 2500 17 24 34 48 67 93 131 183 292 468 749 1198

21 30 42 58 81 114 160 255 408 653 1045

16 23 32 45 62 87 122 171 274 439 702 1123

Mean

4
reference Error f{
diameter, for tolerance class

dn,
inmm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1 I "] .
upto 10 I "]

Over 10 f—""" B—
upto 50 L I

Over 50 .
upto 125 6,0 8,5 12 17 23 33 46 64 103 164 263 420

Sgi:) ;gg 60 | 85 | 12 | 17 | 24 | 33 | 47 | 65 | 104 | 167 | 267 | 427
8;\)’1 ;gg 65 | 90 | 12 | 17 | 24 | 34 | 47 | e | 108 | 170 | 272 | 435
Sg o1 ggg 65 | 90 | 13 | 18 | 25 | 35 | 49 | e8 | 109 | 174 | 279 | 446
8; o : ggg 65 | 95 | 13 | 18 | 25 | 8 | 50 | 70 | 112 | 179 | 286 | 457
Sgi:, ;238 70 | 95 | 18 | 19 | 26 | o7 | 51 | 72 | 115 | 184 | 204 | 470 ®

Copyright by the DIN Deutsches Institut Fur Normung E V
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. Normal module, M,y over 10 mm up to and including 16 mm

Tolerances in pm

Mean '
raference Error fi./Kg
diameter, for tolerance class

dml

in mm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1 I T
upto 10 S B |

Over 10 L] T
upto 50 — | ——

Ouer - 80 1 65 | 00 | 12 | 17 | 24 | 34 | 48 | 67 | 107 | 170 | 273 | 436
upto 126

Over 125 | g5 | o5 | 13 | 18 | 26 | 36 | 60 | 70 | 113 | 180 | 288 | 461
. upto 280

Over 280 | 74 | 10 14 | 20 | 27 | 38 | 54 | 75 | 121 | 193 | 309 | 494

upto 560

Over - 560 75 | 1 15 21 30 4 58 81 130 | 208 | 333 | 533

up to 1000 :

Over 1000 .

ipto1600 | 85 | 12 16 | 23 | 32 | 45 | 63 | 88 | 141 | 225 | 360 | 576

Over 1600

oio2500 | 90 | 13 18 | 25 | 35 | 49 | 68 | 95 | 152 | 244 | 390 | 624

Copyright by the DIN Deutsches Institut Fur Normung E V
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Normal module, 1y, over 16 mm up to and including 25 mm ‘

Tolerances in pm

Mean )
reference Error F}
diameter, for tolerance class

din:

in mm 1 2 3 4 5 6 7 8 ] 10 11 12

Over 1 —— |
upto 10 T 1

Qver 10 b [
upto 50 | e T

Over b0
upto 126 13 19 26 36 51 71 100 139 223 357 671 914

Over 1256
upto 280 15 20 29 40 56 78 110 153 248 393 629 1006

Over 280 .

upto 560 16 22 31 44 61 86 120 168 268 429 887 1099

Qver 560
up to 1000 17 24 34 47 66 93 | 130 | 18t 200 | 464 | 743 | 1189

Over 1000 ’
up to 1600 18 26 36 51 71 99 139 194 311 497 795 1272

Over 1600
up to 2500 20 27 38 54 75 105 147 206 330 528 845 1352

Mean
reference Error f{
diameter, for tolerance class

Ay

in mm 1 2 3 4 5 6 7 8 9 10 11 12

Over 1 T —— | . ] .
upto 10 M

Quer 10 // \\
upto 50 | ]

Over 60
upto 125 8,0 11 15 22 30 42 59 . 83 133 212 339 543

Over 126
upto 280 8,0 11 16 22 31 43 60 84 134 215 343 549

Over 280 80 | 1 6 8 6 | 218 | 349 | 558
upto 560 ' 1 16 22 31 43 1 5 13 1

Over 560 ’
up to 1000 80 2 16 23 32 44 62 87 139 222 355 568

Over 1000 )
up to 1600 85 12 16 23 32 45 63 88 142 227 362 680

Over 1600
up to 2500 85 12 17 24 33 46 65 20 145 231 370 6593 ‘

Copyright by the DIN Deutsches Institut Fur Normung E V
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Normal module, .y, : over 16 mm up to and including 25 mm
Tolerances in pm
Mean )
reference Error fi/Kg
diameter, for tolerance class
dm ’

in mm 1 2 ) 3 4 5 6 7 8 9 10 11 12

Over 1 T —
—l | L

upto 10 . ] I
Over 10 _// \\
upto 50 ] T —
Over 50
upto 126 75 11 15 21 29 41 57 80 127 204 326 522
Over 125
upto 280 8,0 11 16 22 30 43 60 83 134 214 342 547
Over 280
upto 560 8,5 12 16 23 32 45 63 88 141 226 362 579
Over 560
up to 1000 9,0 13 18 25 34 48 67 94 151 242 386 618
Over 1000 .
up to 1600 96 | 13 19 26 37 51 72 101 | 161 | 258 | 413 | 661
Over 1600 ] _
up to 2500 10 14 20 28 39 55 77 108 173 277 443 709
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Normal module, M.y, : over 26 mm up to and including 50 mm .

Tolerances in pm

Mean )

reference Error Fy

diameter, for tolerance class

.

in mm 1 2 3 4 5 6 7 8 9 10 1 12
Over 1 ] L
upto 10 — T
Over 10
upto B0 ><
Over 50 LT —~——
upto 125 | —
S;i:) ;gg 18 | 25 | 35 | 40 | 69 96 | 134 | 188 | 301 | 481 | 770 | 1282
Over - 280 104 | 145 | 203 | 326 | 521 833 | 1333 .
upto 560 19 27 38 53 74
S;ihggg o1 | 20 | 41 | s7 | 80 | 111 | 156 | 218 | 840 | 559 | 894 | 1431
uo;iro :ggg 22 | 31 | 48 | e0 | 85 | 118 | 166 | 232 | 371 | se4 | 951 | 1521
S;i:) ;ggg 23 | 33 | 46 | 64 | 80 | 125 | 175 | 245 | 392 | e28 | 1005 | 1608
Mean )

reference Error f{

diameter, for tolerance class

de.

in mm 1 2 3 4 5 - 6 7 8 9 10 i1 12 .
Over 1 ] |
upto 10 [ |
Qver 10
upto 50 ><
Over 50 | —~——
upto 125 L [
S;i:) ;gg 11 16 22 31 44 &1 86 | 120 | 192 | 308 | 402 | 788
Ssetg ggg 12 | 16 | 23 | 32 | 44 | e2 | 87 | 122 | 194 | 341 | 498 | 797
3;‘;;1383 12 | 16 | 23 | 32 | a5 | e3 | 88 | 123 | 197 | 315 | s04 | so7
Sgig}ggg 12 17 23 33 46 84 80 | 125 | 200 | 320 | 511 | 818
Over 1600
u;m 2500 12 17 24 33 48 65 o1 127 | 203 | 325 | 519 | 831 ‘
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. Normal module, my,,: over 25 mm up to and including 50 mm

Tolerances in pm

Mean
,
reference Error fi./Kg
diameter, for tolerance class
dm '

in mm 1 2 3 4 5 6 7 8 9 10 A 12

Over 1 ] L]
upto 10 T ——

Over 10 | —
upto 50 |

Over 60 | —1 T
upto 125 L

Over 125
upto 280 10 14 20 27 38 54 75 105 168 270 431 690

Over 280 .
upto 560 10 15 20 29 40 56 79 110 176 282 452 723

Over 560 )
up to 1000 1 15 22 30 42 59 83 116 186 297 476 762

Over 1000
up to 1600 12 16 23 32 45 63 88 128 196 314 503 8056

Over 1600
up to 2500 12 17 24 34 47 66 93 130 208 333 533 852
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Standards referred to 7 .

DIN 3966 Part 1 Tolerancing of bevel gears; basic concepts
DIN 3971 Terminology and parameters for bevel gears and bevel gear pairs

Previous editions
DIN 3965 Part 3: 09.81.

Amendments

The following amendments have been made in comparison with the September 1981 edition.
a) The status of the standard is no longer that of a preliminary standard.
b) The standard has been editorially revised.

Explanatory notes

DIN 3965 Parts 1 to 4 provide only information on the gear blank and on errors that can be measured by conventional
means.

The finer tolerances cannot yet be measured under production conditions. Nevertheless, the tables shown in DIN 3965
Parts 2 and 3 cover all diameter ranges, the fields crossed out indicating that for these diameter ranges no tolerances can
currently be specified.

In future, more advanced gauging and calculation methods may allow errors to be dealt with, which have not as yet been .
specifiad, such as profile errors, and more information to be provided regarding the accuracy of bevel gears.

The parameters (see clause 3) have been defined in DIN 3971, the aim of which was to include as many quantities as
possible without regard for the current feasibility or difficulty of their measurement.

The structure of the tolerance system for bevel gears has been brought into line with that for cylindrical gears. The
relationship between the parameters are the same, except for an overall shift in the tolerance system by one tolerance
class. The tolerance system proposed may thus serve as an adequate basis for international discussion.

International Patent Classification

F 16 H 55/08
F 16 H 55/17
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Tolerancing of bevel gears
Tolerances for shaft angle errors
and axes intersection point deviations

=
Z

3965

Part 4

In case of doubt, the German-language original should be consuited as the authoritative text

No part of this standard may be reproduced without the prior permission of DIN Deutsches Institut fir Normung e V., Barlin

Freeman, Disseldorf,

Fachtechnisches Ubersetzungsmstltut

Henry G
edited by DIN-Sprachendienst

Toleranzen fiir Kegelradverzahnungen;
Toleranzen fiir Achsenwinkelabweichungen
und Achsenschnittpunktabweichungen

The accuracy of the bevel gear transmission housing is a major factor influencing the
working load limit and running quality of the gearing. For the deviations of the housing
parameters (position of gear axes), 12 accuracy grades for the axial position have been
specified. These accuracy grades are not expected to correspond with the tolerance
classes specified for bevel gears.

The permissible axes intersection point deviations (axial offset deviations) are also a
function of the diameter of the larger gear of the pair.

Backlash has to be taken into account when specifying the tolerances. Deformation of
the housing under load may greatly modify the deviations.

1 Scope and field of application
This standard specifies values for straight, skew and spiral bevel gears with and without
axial offset, and with reference diameters up to 2500 mm.

The tolerances for the parameters specified in this standard are defined in DIN 3971,
the values given in tables T and 2 applying to the gear pair. See also DIN 3965 Part 1.

Continued on pages 2 and 3

Supersedes September 1981 edition.
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2 Tolerances

Gear axis 1
{theoretical position)

Gear axis 2 f
T

(theoretical
position = actual
position)

Figure 1. Deviations of position of bevel gear axes

Table 1. Permissible shaft angle errors, /3, in angular seconds

Accuracy grade for 1 2 3 4 5 6 7 8 9 10 | 1] 12
axial position
fs - - — |+16|+20|+25|+32 | +40| +50 | +63 | +80 |+ 100

Table 2. Permissible axes intersection point deviations axial, f,, in um

Accouracy grade for 1 2 3 4 5 8 7 8 g 10 | 11 12
axial position

Upto 50 - - - + 6|+ 8| +10 | +12 | £16 | £ 20 [+ 25]+ 32|+ 40
- Over = 50 | - — |+ 8|10l 212|216 +20|+25 |+ 32|+ 40|+ 50
8 upto 125
(=]
=
° Over 125 | _ - — |+10l+12|+16| 220 +25 |+32 |+ 40|+ 50|+ 63 ’
8 upto 280
D g
£
8 g Over 280 | | _ | _ | 412|416 +20| +25|+32 | +40 |+ 50|+ 63|+ 8O
o up to 560
S g
3
8 Over 860 | | | _ | 46| 420| +25|+32|+40] + 560 |+ 63|+ 80| 100
< up to 1000
c
g Over 1000 |\ _ | _ | 00| 4+25|+32|+40| +50| +63 |+ 80|+ 100+ 125
= up to 1600

Over 1600

up to 2500 - - - +25 | +32 | +40 | £+50 | +63 | + 80 {+ 100 |+ 125 | + 160
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Standards referred to

DIN 3965 Part 1 Tolerancing of bevel gears; basic cancepts
DIN 3971 Terminology and parameters for bevel gears and bevel gear pairs

Previous editions
DIN 3965 Part 4: 09.81.

Amendments

The following amendments have been made in comparison with the September 1981 edition.
a) The status of the standard is no longer that of a preliminary standard.
b) The standard has been editorially revised.

Explanatory notes

The housing tolerances given in this standard have been specified to a fineness which cannot be technically realized at
present, but which is likely to represent the fineness possible in future.

The concepts of axes intersection point, axial offset and shaft angle (see DIN 868) and of axes intersection point deviation
and shaft angle error (see DIN 3971) have been established as follows.

Axial offset

The axial offset, a, of a hypoid gear pair is the distance between the two non-intersecting gear axes.
For a beve! gear pair a is equal to zero.

Shaft angle

The shaft angle, Z, of a bevel gear pair is that angle between the two axes that faces the tooth engagement.

The shaft angle, £, of a hypoid gear pair is that angle between the non-intersecting gear axes that faces the tooth engage-
ment.

Shaft angle error

The shaft angle error, [y, is the difference between the shaft angle of the two gear shafts in their actual positions and the
theoretical value of this angle.

Axes intersection point deviation

The axes intersection point deviation, f,, of a bevel gear pair is the distance between the two non-intersecting gear axes
in their actual positions.

The axes intersection point deviation, f,, of a hypoid gear pair is the difference between the distance separating the two
non-intersecting gear axes in their actual positions compared with the theoretical distance.

The permissible values of 7, given in this standard correspond to the axial position tolerances of cylindrical gear trans-
missions as specified in DIN 3964, but the f, values are shifted by one accuracy grade towards larger deviations, and

reduced by half. The tolerance system proposed for bevel gears is also intended to serve as a basis for international
discussion.

International Patent Classification

F 16 H 55/08
F 16 H 55/17
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