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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
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Introduction

ISO 4156 provides the data and indications necessary for the design, manufacture and inspection of straight
(non-helical) side-fitting cylindrical involute splines.

Straight cylindrical involute splines manufactured in accordance with ISO 4156 are used for clearance, sliding
and mtarfaranecan ocanantiane ~f cbhoafte ~nd b Tha fain Al tha ~ac~ccary ~Aharant '”:JtICS for the

HterrereRte—eoReeHoRS—e+—SAatS—aRta—HDS: |||uy CoOTraT—ar tc— ot osary— oraraCtoTT

assembly, transmission of torque, and economic production.

The [nominal pressure angles are 30°, 37,5° and 45°. For electronic data processing purposes) the form of
expression 37,5° has been adopted instead of 37°30’. ISO 4156 establishes a specification bpsed on the
folloyving modules:

— for pressure angles of 30° and 37,5° the module increments are
0,5; 0,75; 1; 1,25; 1,5; 1,75; 2; 2,5; 3; 4; 5, 6; 8; 10

— for pressure angle of 45° the module increments are

0,25;0,5;0,75; 1; 1,25; 1,5; 1,75, 2; 2,5

© I1SO 2005 — All rights reserved \
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INTERNATIONAL STANDARD ISO 4156-1:2005(E)

Straight cylindrical involute splines — Metric module, side fit —

Part 1:
Generalities

1 [BScope

This|part of ISO 4156 provides the data and indications necessary for the design iand manufactufe of straight
(nonthelical) side-fitting cylindrical involute splines.

Limifing dimensions, tolerances, manufacturing errors and their effects on.the fit between connefting coaxial

spling elements are defined in the equations and given in the tables,» Unless otherwise spefified, linear
dimgnsions are expressed in millimetres and angular dimensions in degrees.

2 Normative references
The |following referenced documents are indispensable for the application of this document. For dated
refenences, only the edition cited applies. For undated references, the latest edition of the referenced
docyment (including any amendments) applies.

ISO R86-1, ISO system of limits and fits — Part-1: Bases of tolerances, deviations and fits

ISO (1101, Geometrical Product Spedifications (GPS) — Geometrical tolerancing — Toleranges of form,
orientation, location and run-out

ISO #156-2, Straight cylindrical involute splines — Metric module, side fit — Part 2: Dimensions

ISO #156-3:2005, Straight cylindrical involute splines — Metric module, side fit — Part 3: Inspectipn

3 [Terms andefinitions

For the purpesés of this document, the following terms and definitions apply.

31
splinejoint
connecting, coaxial elements that transmit torque through the simultaneous engagement of equally spaced
teeth situated around the periphery of a cylindrical external member with similar spaced mating spaces
situated around the inner surface of the related cylindrical internal member

3.2
involute spline
member of spline joint having teeth or spaces that have involute flank profiles

3.3

internal spline
spline formed on the inner surface of a cylinder

© I1SO 2005 — All rights reserved 1
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3.4

external spline

spline formed on the outer surface of a cylinder

3.5

fillet

concave surface of the tooth or space connecting the involute flank and the root circle.

NOTE This curved surface as generated varies and cannot be properly specified by a radius of any given value.
3.6

fillet root sptine
spline having a tooth or space profile in which the opposing involute flanks are connected to the root cir¢lg

or D;, diamefter) by a single fillet.

3.7

flat root spljne

spline havin
circle (Dg; or

3.8

module

m

ratio of the
expressed in

3.9

pitch circle
reference ci
pressure an

3.10

j a tooth or space profile in which each of the opposing involute flanks are 'connected to the
D, diameter) by a fillet

circular pitch, expressed in millimetres, to the numberszx“(or the ratio of the pitch dian
millimetres, to the number of teeth)

rcle from which all normal spline dimensions.are derived, and the circle on which the spe
jle has its nominal value

pitch diameter

D
diameter of {

3.11
pitch point
intersection

3.12
circular pitg

p
length of arg
value of the

he pitch circle, in millimetres,.equal to the number of teeth multiplied by the module

bf the spline tooth profile with the pitch circle

h

humbeér © multiplied by the module

ei

root

neter

cified

of the_pitch circle between two consecutive pitch points of left- (or right-) hand flanks, which has a

3.13

pressure angle

a

acute angle between a radial line passing through any point on a tooth flank and the tangent plane to the flank

at that point

3.14

standard pressure angle

op

pressure angle at the specified pitch point

© I1SO 2005 — All rights reserved
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3.15
base circle
circle from which Involute spline tooth profiles are generated

3.16
base diameter

Dy,

diameter of the base circle

3.17
base pitch

Py

arc length of the base circle between two consecutive corresponding flanks

3.18
majgr circle
outefmost (largest) circle of the external or internal spline

3.19
major diameter

D,

3.20
mingr circle
innefmost (smallest) circle of the external or internal spline

3.21
mingr diameter, D,,, D;;
diameter of the minor circle

3.22
forni circle
circlg used to define the depth of involute profile control

NOTE In the case of an external spline it is located near and above the minor diameter, and on an

near pnd below the major diameter

forn diameter
Dres|Dri
diameter of the.form circle

3.24

de

ee’
diameter of the major circle

pth,of'engagement
radigdl distance from the minor circle of the internal spline to the major circle of the external

Dei

e’

corner clearance and/or chamfer depth

3.25

basic (circular) space width or tooth thickness at the pitch diameter
EorS§

for 30°, 37,5° and 45° pressure angle splines, half the circular pitch.

3.26
actual space width
practically measured circular space width, on the pitch circle, of any single space width within the limit values

E

max

and E

min

© I1SO 2005 — All rights reserved
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3.27
effective sp
E

\"

:2005(E)

ace width

space width where an imaginary perfect external spline would fit without clearance or interference, given by
the size of the tooth thickness of this external spline, considering engagement of the entire axial length of the
splined assembly

NOTE
in Table 3.

3.28
actual tooth
practically m

and Sy
3.29

effective to
S

\%

tooth thickne
the size of f
splined ass§

3.30

The minimum effective space width (E,, iy, always equal to E) of the internal spline is always basic, as shown

rthickness
easured circular tooth thickness, on the pitch circle, of any single tooth within the limit valués

bth thickness

ss where an imaginary perfect internal spline would fit without clearance‘or interference, give
he space width of this internal spline, considering engagement of the-éntire axial length g
mbly

effective clearance

Cv

(looseness ¢r interference) effective space width of the internal spline minus the effective tooth thickne

the external

NOTE F
3.31
theoretical
C

Spline

br looseness, ¢, is positive; for interference, ¢, is negative.

clearance

(looseness ¢r interference) actual space width of the internal spline minus the actual tooth thickness ¢

external spli

NOTE

t

3.32
form cleara
‘F

radial cleard
spline, or be
NOTE

It

ne

does not define the effective fit between internal and external spline, because of the effect of deviations

nce

nce between the form diameter of the internal spline and the major diameter of the ext
fween the.minor diameter of the internal spline and the form diameter of the external spline

allows eccentricity of their respective pitch circles.

max

n by
f the

5s of

f the

ernal

3.33

total pitch deviation

Fp

absolute value of the difference between the greatest positive and negative deviations from the theoretical

spacing

3.34
total profile
F

a

deviation

absolute value of the difference between the greatest positive and negative deviations from the theoretical

tooth profile,

measured normal to the flanks

© I1SO 2005 — All rights reserved
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3.35

total helix deviation

Fp

absolute value of the difference between the two extreme deviations from the theoretical direction parallel to
the reference axis

NOTE This includes parallelism and alignment deviations, see Figure 1.
b
a !/
\ ——— 1y
1 | I e

\1 __:_::ZZ";/__ —

c) Alignment deviation

@  Reference axis.
b @entreline of teeth.

¢ Hffective spline axis.

Figure 1 — Helix deviations

3.36
parj:lelism deviation
deviation of parallelism’of a single spline tooth to any other single spline tooth

See Figure 1 b).

3.37
alignment'deviation
deviation of the effective spline axis with respect to the reference axis

See Figure 1 ¢).

3.38
out-of-roundness
deviation of the spline from a true circular configuration

3.39
effective deviation
accumulated effect of the spline deviations on the fit with the mating part

© I1SO 2005 — All rights reserved 5
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3.40
deviation al
A

:2005(E)

lowance

permissible deviation between minimum actual and minimum effective space width or maximum effective and
maximum actual tooth thickness

3.4

machining tolerance

T

permissible deviation between maximum actual and minimum actual space width or tooth thickness

3.42

effective clg¢arance tolerance

T,

permissible

3.43
total tolerar
T+ 2
machining tq

3.43.1
total tolerar
(internal spli

3.43.2
total toleran
(external sp
thickness

3.44

basic dimension

numerical v4

NOTE

t

3.45

auxiliary dimension

dimension,
production a

Heviation between maximum effective and minimum effective space width or tooth thickness

ce

lerance plus the deviation allowance

ce
ne) difference between the minimum effective space width and the maximum actual space wi

ce

ine) difference between the maximum effective_tooth thickness and the minimum actual

lue to describe the theoretically exactsize, shape or location of a feature

is the basis from which permissible.deviations are established by tolerances.

without tolerance, @iven for information purposes only, for the determination of the u
nd control dimensiens.

Hth

tooth

seful

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=9bf888f17d2aa361c3f1f4603a2aceb6

ISO 4156-1:2005(E)

4 Symbols, subscripts and abbreviated terms

4.1 General symbols

The general symbols used to designate the various spline terms and dimensions are given below.

D Pitch diameter mm
Dge Form diameter, external spline mm
Dre max Maximum form diameter, external spline mm
D Form diameter, internal spline mm
Drihnin Minimum form diameter, internal spline mm
D¢ Diameter of measuring ball or pin for external spline mm
Dgj Diameter of measuring ball or pin for internal spline mm
Dy, Base diameter mm
Deg Major diameter, external spline mm
Deel max Maximum major diameter, external spline mm
Deelmin Minimum major diameter, external spline mm
D Major diameter, internal spline mm
Dei hax Maximum major diameter, internal spline mm
Degi hin Minimum major diameter, internal spline mm
Dig Minor diameter, external spline mm
Dig hhax Maximum minor diameter, external spline mm
Dig hin Minimum minor diameter;,.external spline mm
Dy Minor diameter, interal*spline mm
D hax Maximum minor diameter, internal spline mm
D hin Minimum minocdiameter, internal spline mm
E Basic space’width, circular mm
Endx Maximum actual space width mm
Enib Minimum actual space width mm
E, Effective space width, circular mm
E, dax Maximum effective space width mm
E, did Minimum effective space width mm
F, Total cumulative pitch deviation pm
F, Total profile deviation pm
Fp Total helix deviation um
Kq Approximation factor for external spline —

K; Approximation factor for internal spline —

Mge Measurement over two balls or pins, external splines mm
Mpg; Measurement between two balls or pins, internal mm
S Basic tooth thickness, circular mm

© I1SO 2005 — All rights reserved 7
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%)

max mm
Smin Minimum actual tooth thickness mm
S, Effective tooth thickness, circular mm
S, max Maximum effective tooth thickness mm
Sy min Minimum effective tooth thickness mm
T Machining tolerance pm
T, Effective clearance tolerance pum
w Measorement-everiteeth—externalsphre M
b Spline length mm
CF Form clearance mm
¢y Effective clearance (looseness or interference) gm
Cy max Maximum effective clearance um
Sy min Minimum effective clearance um
dge Ball or pin contact diameter, external spline mm
dg; Ball or pin contact diameter, internal spline mm
es, Fundamental deviation, external um
hg Form tooth height mm
inv o Involute o (=tana —n-a/180°) —
k Number of measured teeth —
m Module mm
P Circular pitch mm
Db Base pitch mm
z Number of teeth —
a Pressure angle °
OFe Pressure angle at form diameter, external spline °
OFj Pressure angle atform diameter, internal spline °
Qe Pressure angle-at ball or pin diameter, external spline °
Qg Pressure,angle at ball or pin diameter, internal spline °
ap Standard pressure angle at pitch diameter °
Qg Pressure angle at ball or pin centre, external spline °
o Pressure angle at ball or pin centre, internal spline °
) Deviation allowance um
PFa Fillet radius of the basic rack, external spline mm
PFi Fillet radius of the basic rack, internal spline mm
k;js; h; f; e;d  Fundamental deviation of the external spline um

8 © I1SO 2005 — All rights reserved

Maximum actual tooth thickness



https://standardsiso.com/api/?name=9bf888f17d2aa361c3f1f4603a2aceb6

ISO 4156-1:2005(E)

4.2 Subscripts

The following subscripts are used as part of the above general symbols to designate relative conditions or
locations:

i minor or internal (in the last case in the last position)
e major or external (in the last case in the last position)

b atthe base

c ptcontact point

d [olerance based on pitch diameter (D)

E [olerance based on space width (E) or tooth thickness (S)
F pertaining to form diameter

v pffective

R pertaining to gauges

D ptandard

NOTE In electronic data processing (EDP), it is not always _possible to present symbols in their theorgtically correct
form pecause of limitations of connected printing equipment. Forthis reason, some alternative symbols for EDP usage are
giver| in Table 1 (for example, the symbol for D, for base diameter may be printed as DB).

4.3 | Formulae for dimensions and tolerances for all fit classes

The formulae for dimensions and tolerances;for all fit classes are given in Table 1.

© I1SO 2005 — All rights reserved 9
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Table 1 — Formulae for dimensions and tolerances for all fit classes

Term Symbol Formula repreEeDrzation

Pitch diameter D m-z D
Base diameter D, m-z-Cosap DB
Circular pitch p m-n =
Base pitch Pp m-m-Ccosap PB
Fundamental deviation, external es, Resulting Lrojr: Er}f’aen;igtzl deviation ESV
Minimum major diameter, internar.

30°, flat rpot Dy min m-(z+1,5) DEIMIN

30°, fillet foot Dei min m-(z+1,8) DEIMIN

37,5°, fillgt root Dg; min m-(z+1,4) DEIMIN

45°, fillet foot Dei min m-(z+1,2) DEIMIN
Maximum mgjor diameter, internal Degi max Degjmin+(T+A)/tana p (see Note 1) DEIMA
Minimum forqn diameter, internal:

30° flat rdot and fillet root DEi min m-(z+1)+2-cp DFIMIN

37,5 fillef root Dgi min m-(z+0,9)+25f DFIMIN

45° fillet rpot Dei min m-(z+0,8)42%c DFIMIN
Minimum miror diameter, internal Dii min Dre max +2-cp" (see Note 2) DIIMIN
Maximum mihor diameter, internal:

m < 0,75 Dyi max Dji min + 1T 10 DIIMAX

0,75<mk 2 i max D min + 1T 11 DIIMAX

m>2 Dij max Dij in * 1T 12 DIIMAX
Basic space idth E 0,5 n-m E
Minimum effgctive space width E, min 0,5-7-m EVMIN
Maximum acjual space width:

class 4 Xl Ey min +(T+ 1) (see Note 3) EMAX

class 5 E ax Ey min +(T+ 1) (see Note 3) EMAX

class 6 Ehax Ey min +(T+ 1) (see Note 3) EMAX

class 7 Ehax Ey min +(T+ 1) (see Note 3) EMAX
Minimum actpal space width Ein Eymin+4 EMIN
Maximum effectivesspace width E, max Eymin+Ty EVMAX
Maximum marjor diameter, external:

30°, flat root and fillet root Doe max m-(z+T)+es,tana p (see Note 4) DEEMAX

37,5°, fillet root Dege max m-(z+0,9)+es,/tanap (see Note 4) DEEMAX

45°, fillet root D max m-(z+0,8)+es,/tanap (see Note 4) DEEMAX
Minimum major diameter, external:

m < 0,75 Dee min Degemax— 1T 10 DEEMIN

0,75<m<2 Degg min Dee max — 1T 11 DEEMIN

mz2 Dee min Dee max — IT 12 DEEMIN
10 © 1SO 2005 — All rights reserved
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Table 1 (continued)

Term Symbol Formula repreIsEeD:tation
_0,5xes,

Maximum form diameter (see Note 5) | Dremax | 2x (015Db)2 +| 05Dxsina p - sir:anaD DFEMAX
Maximum minor diameter, external:

305-fat+eet D Hd 5 S} a5l Aoy DIEMAX

40°, fillet root Die max m-(z-1,8)+es/tana p DIEMAX

37.,5°, fillet root Die max m-(z=1,4)+es/tana p DIEMAX

45°, fillet root Die max m-(z-1,2)+es/tana p DIEMAX
Minifnum minor diameter, external Dig min Dig max — (T + A)tana p (see Note’1) DIEMIN
Basif tooth thickness S 0,5-7-m S
Max|mum effective tooth thickness Sy max S+esy SVMAX
Minimum actual tooth thickness:

dlass 4 Sinin Sy max —(@%71) (see Note 3) SMIN

dlass 5 Sinin Sy max— (T + 1) (see Note 3) SMIN

dlass 6 Sinin Sy max — (T + 1) (see Note 3) SMIN

dlass 7 Sinin Sv max — (T + 1) (see Note 3) SMIN
Max|mum actual tooth thickness Simax Sy max — 4 SMAX
Minipnum effective tooth thickness Sy min Svmax —Tv SVMIN
;?ct;akntecglsrance, space width or tooth (F ) (see Note 6) TLAM
Max|mum effective clearance €y max E\y max =Sv min CVMAX
Minifnum effective clearance €y min E\y min =Sy max CVMIN
Form clearance Cp see Note 5 CF
Form tooth height hy see Note 5 HS
Ball pr pin diameter, internal spline Dg; see Note 7 DRI
Ball pr pin diameter, external spline Dge see Note 7 DRE
Meagurement\between balls or pins M, see Note 7 MRI
Meagurement over balls or pins M, see Note 7 MRE
Chapgefactor, internal K; see Note 7 Kl
Change factor, external K see Note 7 KE

Fe max

NOTE 1 (T+ A)forclass 7 — see 9.1.

NOTE 2  For all classes of fit, always take the D

NOTE 3 See Clause 8 and ISO 4156-2.

NOTE 4 Take es, = 0 for fundamental deviation js and k.
NOTE 5 For &, see Figure 15 et Table 2.

NOTE6 See9.1.

NOTE 7

value corresponding to the H/h fit.

See ISO 4156-3 concerning the choice of balls or pins.

© I1SO 2005 — All rights reserved
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5 Concept of side fit splines

This part of ISO 4156 defines side fit involute splines with pressure angles of 30°, 37,5° and 45°. The
transmission of torque is achieved by contact of the tooth flanks only. This is possible in the clockwise or
anticlockwise direction of rotation (see Figure 2). The opposite tooth flanks, major and minor diameters shall
have clearance.

The nature
Figure 3). Tk

a
b

c

12

Clockwise rotation Anticlockwise rotation

Figure 2 — Side fit tooth flank contact

a

of the involute profile divides the torque into_two directions resulting in a centring force |(see
is centring force enables side fit involute splines’to be centralized by the tooth flanks.

Centring force.
Rotation force.
Torque.

Figure 3 — Centring force

© I1SO 2005 — All rights reserved
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The sizes of space width and tooth thickness (see Figure 4) are defined as the length of the arc at the
theoretical pitch circle diameter.

Figure 4 — Space width and‘tooth thickness

The major and minor diameters (see Figure 5) always have clearance and do not contact each other.

Figure 5 — Diameters

© 1SO 2005 — All rights reserved 13
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6 Effective fit concept

To be able to machine the spaces of internal splines and the teeth of external splines, a machining tolerance
commonly referred to as the actual machining tolerance is necessary. Four classes of machining tolerance
(classes 4, 5, 6 and 7) are provided for the different needs of industrial use. The machining tolerance, T (see
Figure 6), is applied to the space width of internal splines and to the tooth thickness of external splines.

The upper machining tolerance limit is referred to as maximum actual and the lower one is referred to as
minimum actual.

Similar to cylindrical fits between hubs and shafts, form deviations of the geometry (see Figure 7) affect the
maximum material condition and hence the fit. The form deviafion is the deviation compared o the_pérfect
cylinder. Th¢ form deviations of splines are much more complex and occur on each flank of every&page or
tooth. Thesd form deviations have an accumulative effect which is referred to as effective deviation;

The form dgviations consist of three types: profile deviation, index deviation and helix deviation. The positive
material elements of these deviations result in a reduction of effective space width of an intérnal spline, pr an
increase in the effective tooth thickness of an external spline, and hence a reduction in the effective cleargnce.
This effect chn only be detected by the use of an imaginary perfect mating spline thatfits without loosenegs or
interference

a) Internal spline

b) External spline

a8  Largest space width. d  Minimum actual tolerance.
b Smallest space width. €  Largest tooth thickness.
¢ Maximum actual tolerance. f  Smallest tooth thickness.

Figure 6 — Machining tolerance, T
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8  Horm deviation.

Figure 7 — Form deviations

© I1SO 2005 — All rights reserved
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The positive material elements of profile deviation (see Figure 8) will result in a smaller space or a larger tooth
thickness which has an effect on the fit with a mating part.

2@ Internal spline.

b External $pline.

¢ Space wiflth, actual.

d  Tooth thigkness, actual.

€  Space wiflth, effective;

f Tooth thigkness, effective.
9 Mating part.

Figure 8 — Profile deviation
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The positive material elements of pitch deviation (see Figure 9) will also result in a smaller space width or a
larger tooth thickness which again affects the fit with a mating part.

Ipternal spline.

External spline.
$pace width, actual,

d  Tooth thickness,-Actuial.
$pace width, effective.
Tooth thickness, effective.

9 Mating'patt.

@
&
b= J
ii
[«]
3
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The positive material elements of helix deviation (see Figure 10) will also result in a smaller space width or a
larger tooth thickness which again affects the fit with a mating part.

2@ Internal spline.

b External $pline.

¢ Space wiflth, actual.

d  Tooth thigkness, actual.

€  Space wiflth, effective:

f Tooth thigkness, effective.
9 Mating part.

Eigure 10 — Helix deviation

The accumulated form deviations (see Figure 11) of each flank result in an effective size of space width or
tooth thickness.

18 © 1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=9bf888f17d2aa361c3f1f4603a2aceb6

ISO 4156-1:2005(E)

1 d 2d 3d 4d 5d 6d

2  PRrofile deviation.

b Ritch deviation.

¢ Helix deviation.

d  Tooth.

€ aximum at Tooth 1.
f aximum-at Tooth 4.
9 aximamat Tooth 6.
h

aximum at Tooth 5.

Accumutation =effective deviation 4.
i Theoretical maximum.

Figure 11 — Influence of form deviations
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The true effective size of a spline part with accumulated form deviations can only be found using an imaginary
perfect mating spline that fits without looseness or interference (see Figure 12).

2@ Internal spline with form deviations:.
b External $pline with form deviations.
¢ Internal effective space width.

d  External ¢ffective tooth thickness.

Figure 12 — True effective space width and tooth thickness
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In addition to the machining tolerance and because of the form deviations, spline parts have an effective
tolerance (see Figure 13). For internal parts, this creates a minimum effective tolerance limit of space width,
and for external parts, a maximum effective tolerance limit of tooth thickness. See also Figure 14.

a2 Ipternal spline.

b largest spacewidth.

¢ Naximum.actual tolerance.
d  Smallest space width.

€ I‘flinimum actual tolerance.

Minimum effective tolerance of space width.

9 Maximum effective tolerance of tooth thickness.
h Largest tooth thickness.

i Smallest tooth thickness.

i External spleen.

Figure 13 — Actual and effective tolerances
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e E=05mm

a Spacewi
b Maximum
¢ Maximuni
4 Minimum
€ Minimum
f Tooth thi
9 Maximun
h Maximum
i Minimum
i Minimum

Figure

7 Basic

Cv min

C\V max
Cmax

jnax

min

min

jth, internal.

actual space width.
effective space width.
actual space width.
effective space width.
kness, external.

effective tooth thickness.
actual tooth thickness.
effective tooth thickness.
actual tooth thickness.

rack profiles for spline

14 — Graphical display of space width and tooth thickness theoretical tolerance zones|

The basic r.

| ' £ 4l 4 4l et + Lok L F A Ity | 1 ol 4 1 t
CR TS a STULUIT UT UTT TUULTT SUTTaLtT UTT diT TTVUTULT SPTITIC UT TTTHNTIeTy 1alryc Uldimicicr UlT a plid e a

right angles to the tooth surfaces, the profile of which is used as the basis for defining the standard tooth
dimensions of a system of involute splines. The reference line is a straight line crossing the profile of the basic
rack, with reference to which the tooth dimensions are specified. The profile of the basic rack for standard

pressure angle splines is represented in Figure 15 and Table 2.

22
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0,5 mn

A

 J

9 Minor tooth height.
Figure 15 — Basic rack profile
Table 2= Dimensions of basic rack
Pressure angle
Parameter 30°
37,5° 45°
Flat root Fillet root
Majqr space height 0,75 m 0,9m 0,7m 0,6 m
Maijqgr tooth height 0,5m 0,5m 0,45 m 0,4 m
Form tooth height, 44 0,6 m 0,6 m 0,55 m 0,5 m
Mingr tooth height 0,75 m 0,9m 0,7m 0,6 m
Root radiusyor; 0,2m 0,4m 0,3m 0,25 m
Roof radius, o, 0,2m 0,4 m 0,3 m 25 m
Form clearance, c¢ 0,1m 0,1m 0,1m 0,1m

NOTE

Concerning Figure 15: For internal splines (hub), the form diameter, obtained by generating from the basic

rack, is always greater than the form diameter shown in the tables of dimensions in ISO 4156-2, which correspond in all fit
cases to the major maximum diameter of the shaft increased to diametrical form clearance (2cg). For external splines
(shafts), c is obtained by generation from the basic rack (Dg, ,ax) @nd for H/h fit (see Note 2 to Table 1).

© I1SO 2005 — All rights reserved
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8 Spline fit classes

To achieve different amounts of clearance or interference between the space width and the tooth thickness,
this part of ISO 4156 has a number of fit classes (see Figure 16). These result in different amounts of
clearance or interference.

a) Loose fit b) Zero fit c) Press fit

Figure 16 — Types of fit

This part of |[SO 4156 provides standard fundamental deviation k, js, hy.f, € and d for application to the circular
tooth thicknéss (S) at the pitch diameter of the external spline, incerder to establish the spline fit clgsses
without looseness or having maximum effective interferences or,minimum effective clearances (see Table 6),
and thus stpndardizing on composite GO gauges. Table 3 represents in graphical form the fundamgntal
deviations and spline class tolerance zones for the six spline-fif'classes.
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Table 3 — Graphical representation of fundamental deviations for spline fit classes

Internal External splines fit classes
splines
(allways H) .
H/d H/e H/f H/h Hijs H/k
=
€
>
<) © ©
" 1
c u— c <
o é 1] é 1
- o 8l |o 8
\
A
Zero line o8
E=057mm 3
~
W
2
=
]
>
3
The required maximum effective interference or minimum effective looseness (see Table 4) shallfbe obtained
by afljusting from the zero(line the maximum effective tooth thickness by the fundamental deviation es,, (see
Tables 3 and 5), whilst.maintaining machining tolerance 7 and deviation allowance A. The spling dimensions
in the spline tables of (SO 4156-2 apply to class H/h.
Table 4 — Effective interference and effective looseness of spline fit classes
Spline fit class Minimum effective Idoseness
H/d es,, = fundamental deviation d Cymin =~ €Sy
H/e es,, = fundamental deviation e Cymin =~ €Sy
H/f es,, = fundamental deviation f Cymin =~ €Sy
H/h es,, = fundamental deviation h = zero Cy min = — €Sy = Zero
Maximum effective interference
H/js es,, = fundamental deviation js Cymin=—6es,=—(T+4)/2
H/k es,=(T+ 1) Cymin=—6s,=—~(T+4)
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Table 5 — Fundamental deviation es,,

Pitch diameter Fundamental deviation es,
D at pitch zriT;meter D
mm Relative to tooth thickness S for externals Relative tq space width £
for internals
For
d e f h js k H
3 20 14 [ Q Q
>3196 -30 -20 -10 0 0
>6to[l0 -40 -25 -13 0 0
>10to[18 -50 -32 -16 0 0
> 18 to BO —65 -40 -20 0 0
> 30 to pO -80 -50 -25 0 0
> 50 to BO -100 -60 -30 0 0
> 80 to 1p0 -120 -72 -36 0 a b 0
> 120 to 180 -145 -85 —43 0 0
> 180 to 2p0 -170 -100 -50 0 0
> 250 to 3[15 -190 -110 -56 0 0
> 315 to 4p0 -210 -125 —62 0 0
> 400 to 5p0 -230 -135 -68 0 0
> 500 to 6B0 -260 -145 -76 0 0
> 630 to 8p0 -290 -160 -80 0 0
> 800 to 1 0pO -320 -170 -86 0 0
a8 4 (T+ A)/q relative to tolerance class considered;for T+ 4, see 9.1.
b 4 (T+ A) rplative to tolerance class consideréd; for T+ A, see 9.1.
9 Space width andtooth thickness tolerances
9.1 Totalltolerance 7+ 4
This part of| IS@ 4156 includes four classes of total tolerance (T + A) on space width and tooth thickness

selected from a combination of tolerance units (i) in ISO 286-1. The tolerance classes are indicated in Table 6,
with corresponding combination of tolerance units (7).
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Table 6 — Total space width and tooth thickness tolerance (7 + 1)

Spline tolerance class Total tolerance (7 + 1)
pum

4 T+A=(10-iq+40-ig)

5 T+A=(16-ig+64-ig)

6 T+A=(25-iq+100-ig)

7 T+A4=(40-i3+160-ig)

whele

and

9.2

The
helix

deviations on the fit is less thamtheir total, because areas of more than minimum clearance ca

helix
amo
helix

deviations have on the_spline fit. On this basis, the deviation allowance is calculated as follows:

In th

ig=045-3D+0,001-D for D < 500 mm
iq=0,004-D+2,1 for D > 500 mm

ig =0,45-3/E(ou S) +0,001- E(or S)

P is the pitch diameter, in millimetres;
¥ is the basic space width, in millimetres;

S is the basic tooth thickness, in millimetres.

Deviation allowance, 1

deviation allowance, being the acecumulation of the total index deviation, total profile deviat
deviation, has an effect on_the effective fit of an involute spline. The effect of these indi

or index errors without ¢hanging the fit. It is also unlikely that these errors would occur in th

ints simultaneously onthe same spline. For this reason, total index deviation, profile deviatf
deviation are added-together statistically and 60 % of this total is taken to determine the effe

[F2p2 2
A=0,6,E,\FF;, +Fp

e following subclauses, the values of F,, F, and F are referenced to the datum of the eff

on and total
vidual spline
n have form,
Bir maximum
on and total
ct that these

(4)

ective spline

axis.

See |ISO 4156-3.

9.3

Total pitch deviation, F,

The total pitch deviation is the cumulative pitch error between the two greatest opposite pitch errors over any
sector of one half circumference. The formulae given in Table 7 are used to calculate the total pitch deviation
F, expressed in micrometres.

© I1SO 2005 — All rights reserved
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Table 7 — Total pitch deviation

Spline tolerance class Total pitch deviation
F
V4
pum
4 F,=25+/L+63
5 F,=355+L+9
6 F,=5+L+125
7 F,=71+L+18

Where L is the length of the arc:

L=m-z}n/2 (5)
9.4 Total|profile deviation, F,
The_ tqtal pr])file deviation is_ the absolute _value of the difference between, thé greates_t_ positivc_e gnd _ne_gative
deviations ffom the theoretical tooth profile, measured normal to the ftanks. A positive deviation is i the

direction of [he space, and a negative deviation is in the direction of:the tooth, as shown in Figure 17| The
formulae given in Table 8 are used to calculate the total profile deviation F', expressed in micrometres.

Table 8 — Total profile'deviation

Spline tolerance class Total profile deviation
Fa
pm
4 F,=16-9;+10
5 F,=25-¢;+16
6 Fa =4. D¢ + 25
7 F, =639 +40

Where ¢ is the tolerance factor:

o =mi{00125-m-z (6)

The permissible positive deviation on external splines and the negative deviation on internal splines from the
design profile within the central one-third of the flank depth to the form diameter shall not exceed one-third of
the calculated values. See Figure 17.
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pace (internal).

ooth (external).

ositive profile deviation.

N
1

¢ Reference profile.
R
Nlegative profile deviation.
q

entre third.
Figure 17 — Profile deviations

9.5 | Total helix deviation, Fp

The [total helix deviation is the absolute value of the difference between the two extreme deviatipns from the
theofetical direction, measured normal(to'the flank for the full length of spline. The formulae givgn in Table 9
are ysed to calculate the total helix deviation Fp, expressed in micrometres.

Table 9 — Total helix deviation

Spline tolerance class Total helix deviation

Fp
Mm

4 Fp=08/b+4

5 Fﬂ = \/34-5

6 Fp=125+b+63

7 Fg=2b+10

b is the spline length, in millimetres.

9.6 Machining tolerance, T

The machining tolerance (7) is derived from the difference between the total tolerance (7+ A) and the
deviation allowance 4, i.e. (T + 1) — A. The division of total class tolerance between machining tolerance and
deviation allowance outlined in clause 6 is recommended for general guidance. Design requirements or
specific processes utilized for spline manufacture may require a different division.

T=(T+2) -2 (7
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9.7 Effective clearance tolerance, 7,

If 7,, is necessary, it is recommended that it be made equal to T.

9.8 Use of effective and actual dimensions for space width and tooth thickness

9.8.1 Minimum material

It is limited by maximum actual space width £

and minimum actual tooth thickness S,,;, (see Figure 18 and

max
Table 10).
9.8.2 Maxlmum material (minimum effective clearance)
It is limited |by minimum effective space width E| .;, and maximum effective tooth thickness(S§, . |(see
Figure 18 arjd Table 10).
9.8.3 Maximum effective clearance
It is limited |by maximum effective space width E, ,,, and minimum effective tooth’ thickness S, i, |(see
Figure 18 and Table 10). If it is necessary to control the effective tolerance band, then additional inspection is
required.
Standard method Alternative method A Alternative method B
Internal space width Internal space width Internal space width
Max. actual E E Maxsactual
tolerance limit max A max  tolekance limit
~ E Max. effective E Max. effecfive
A ~wmax tolerance limit A ~vmax tolerance [jmit
Min. actual E.
aux. min- A Ry >
<
Min. effectije E X Y o Min. effective Y E Min. effectfve
tolerance lifnit v min vmin - tolerance limit vmin - tolerance ljmit
Max. effective S Max. effective S Max. effecjive
tolerance limit vmax g A “vmax tolerance limit A Tvmax tolerance ljmit
~ >| >|
Max. actual s v ~ ~
aux. max A
Ys Min. effective Ysg Min. effectjve
i Vmin- tolerance limit vmin- tolerance limit
Min. actual A ) Min. actual
tolerance lirwit Stin Sin tolerancetimit
External tooth thickness External tooth thickness External tooth thickness

Figure 18 — Graphical display of space width and tooth thickness tolerance zones according

to inspection methods

30
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Table 10 — Relationship between parameters and control method

Minimum material Minimum effective Maximum effective
clearance clearance
Parameters Smin/Emax Sv max/Ev min Sv min/Ev max
Standard method X X —
Method A X X X
Method B — X X
10 Minor and major diameters
10.1 Tolerances
See [Table 11.
Table 11 — Tolerances for minor diameter internal spline, D;;
and for major diameter external spline, D,
Diameter
D. Tolerances on D, Tolerances on D,
Irmin
or Hm Hm
D for modules m for modules m
ee max
mm m < 0,75 0,75<m<2 mz 2 m < 0,75 0,75<m<2 mz=2
H10 H11 H12 h10 h11 h12
<3 +40 0
= 0 -40
+48 +75 0 0
>3106 0 0 _48 75
+58 +90 0 0
>61to 10 0 0 _58 ~00
+70 +110 +180 0 0 0
>10t0 18 0 0 0 70 _110 180
+84 +130 +210 0 0 0
> 181030 0 0 0 84 130 210
+1Q0 +160 +250 0 0 0
> 301050 0 0 0 -100 160 250
#120 +190 +300 0 0 0
> 501080 0 0 0 _120 _190 300
+200 +350 0 0
80to 12Q 0 0 220 350
+250 +400 0 0
>12040¥180 0 0 250 400
+460 0
> 18010 250 0 _460
+520 0
> 250 to 315 0 520
+570 0
> 315 to 400 0 570
+630 0
> 400 to 500 0 630
+700 0
> 500 to 630 0 700
+800 0
> 630 to 800 0 800
+900 0
> 800 to 1 000 0 900
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10.2 Adjustment to minor diameters (D;.), form diameters (Dg.) and major diameters (D) of
external splines

When fundamental deviation d, e and f are applied to external splines, it is necessary to adjust the major, form
and minor diameters. When applying js and k classes, the minor and form diameters only are adjusted, see
formulae and notes in Table 1.

11 Manufacturing and design considerations

11.1 Radii

External splines may be produced by generating with a pinion-type shaper cutter or a hob, or by cutting with a
no-generatirjg motion using a tool formed to the contour of a tooth space. External splines are also made by

cold forming|, and in these cases are usually of the fillet root design. Internal splines are usually.producegd by
broaching, Ry form cutting, or by generating with a shaper cutter. Even when full-tip radius_tools are ysed,
each of these cutting methods produces a fillet contour with individual characteristics. Generated spline fillets

are curves re¢lated to the prolate epicycloid for external splines and the prolate hypocycloid for internal splines.
These fillets|have a minimum radius of curvature at the point where the fillet is tangent to the external spline
minor diamgter circle or the internal spline major diameter circle, and a rapidly increasing radius of curvature
up to the point where the fillet becomes tangent to the involute profile.

The values ih Table 12 may be used as minimum radii of curvature for stréss calculations and specified as the
minimum fillet radius. These values are based on the fillet radius shown 6n the basic rack profiles. For citting

of internal and external splines by generating, with the same piniontype shaper cutter, the tool design will
have to be made according to the dimensions of the internal splines to be obtained.
Table 12 — Minimum root radius of internal or external splines
Minimum root radius
mm
for
a;) = 30° ap =30° ap =37,5° ay, = 45°
flat root fillet.,root
3.2m 04 m 0,3m 0,25m

11.2 Profile shifts

In the manufacture of external splines with a standard fundamental deviation, standard cutters conformipg to
the basic rack can beused by shifting the basic rack reference line radially from its position touching the
spline pitch gircles-Ihe spline tooth profiles remain as involutes; merely different parts of the same involutes,
lying furtheq inward or outward with respect to the pitch circle, are used. The amount of this radial
displacemerlt is‘equivalent t0 0.5¢s  /tana , .

The effect of the various magnitudes of fundamental deviation (es,) on the tooth form have an effect on the
circular tip thickness, at the major diameter of the external spline, which varies when the fundamental
deviation (es,) varies. The following checks should be made when applying fundamental deviations :

a) Check for tip thickness at major maximum diameter of external spline

A tip thickness of less than 0,25 m should be avoided. Tip thickness is computed as follows, considering
D

ee max*

See = Dee max [(Smin/D)JrinV ap —inv aDeeJ ©
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where
See Is the tip thickness;
op is the pressure angle at the pitch diameter;
apee IS the pressure angle at the maximum major diameter,
Dy
COS & pee =
eemax
invap =tanap -ap-n/180
NV & pee =tan @ pee — pee - ©/180
Smin I8 the minimum actual tooth thickness.

b)

11.3

11.3

The
and
ISO
requ

11.3

If the
nece

Undercut fillet at the root circle (interference)

When a fit with looseness is selected, generating tools may produce undercut fillets on
spline. Calculation using the appropriate tool data should be made to establish the presencs
bf undercutting and, if it exists, further calculations or a layout afe then required to determine
Hegree of undercutting is acceptable.

| ow tooth numbers and pressure angles introduce.the’risk of undercutting, which occurs wif
peneration when

(hs +0,5-AD;g) > 0,5-D-sin%a

Eccentricity and misalignment

1 Eccentricity

design assembly could niake it necessary to apply a tolerance to the position of the effectiv|
the functional axis of'the part. To facilitate this, symbols from ISO 1101 shall be used.

rements.
2 Misalignment

assembly requires looseness or interference and the axis of the mating splines are misaligr

9)

(10)

(11)

the external
or absence
whether the

h basic rack

(12)

e spline axis
This part of

1156 does not recammend any values, but they shall instead be defined according to the assembly

ed, it will be
the effective

ssary to increase the minimum effective clearance. This shall be accomplished by reducing

and

actual tooth thickness of the external spline by an amount which is sufficient to allow th¢ misaligned

splin

11.3.

es to assemble.

3 Major and minor diameters

The eccentricity of major and minor diameters will not cause interference with the form diameters of the
mating spline even when there is maximum clearance. However, if misalignment exists within the assembly, it
will be necessary to reduce the major diameter of the external spline or increase the minor diameter of the
internal spline.
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12 Spline data

12.1 Basic dimensions

Spline data is used for engineering and manufacturing purposes.

12.2 Combination of types

Flat root side fit splines may be used with fillet root splines where the larger radius is desired for control of
stress concentrations or manufacturing purposes. These combinations of spline roots may also be permitted

as design options

The major diameter of a flat root internal spline and, if needed, the diameter at the tangency point*of radius

should be placed between the form diameter and the maximum major diameter of the fillet root internal sp

12.3 Designation

The mating [parts of straight cylindrical involute splines (metric modules, side fit) shall be designated i

following order:

line.

n the

Internal spline =INT

External spline =EXT

Mating splings = INT/EXT

Number of t¢eth =z (preceded by the number)
Module = m (preceded by the value)
Pressure angle = 30° flat root =30 P
Pressure anfle =30° filletroot =30R
Pressure anfjle =37,5° =37,5
Pressure anfle =45° =45
Tolerance clpsses =4,5,6,7

Fit class, int¢rnal spline =H

Fit class, exfernal 'spline =k;js; h; f;e;d

ISO 4156

EXAMPLE Mating splines, 24 teeth; module 2,5; pressure angle 30° fillet root; tolerance class 5; fit

Mating: INT/EXT 24z x 2,5m x 30R x 5H/5f ISO 4156
Internal spline: INT 24z x 2,5m x 30R x 5H ISO 4156

External spline: EXT 24z x 2,5m x 30R x 5f ISO 4156

34 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=9bf888f17d2aa361c3f1f4603a2aceb6

12.4 Drawing data

ISO 4156-1:2005(E)

It is important that uniform specifications be used to show complete information on detail drawings of splines.
Much misunderstanding will be avoided by following the suggested arrangement of dimensions and data, as
shown in figure 19 and Table 13. The number of X indicates the number of decimal places normally used.
With this charted type of spline specification, it is usually not necessary to give a graphical illustration of the

spline teeth.
o Me  PDge
A
L )
g & S
= g S
\ \i
 J
B o0, N
P 60, _
Figure 19 — Internal and external spline drawing dimensions
Table13’— Spline terms and symbols
Internal spline ISO 4156 External spline ISO 4156
Designation see 12.3 Designation see 12.3
Nuniber of teeth z e\ Number of teeth z .
Module m NS Module m
Predsure angle p XX° Pressure angle ap XX°
Pitch diameter D XX, XXXX @ Pitch diameter D XX, XXX
Basg diameter D, XX, XXXX @ Base diameter Dy, XX, XXXX @
Majj‘r diameter Dy XX, XX max. Major diameter Do XX, XX h
Form diameter, Dy XX, XX min. Form diameter D, XX, XX max
Minqgr diameter Dy XX, XX H... Minor diameter D, XX, XX nfin.
Spage width P Tooth thickness ?
max. actual Ehax XX, XXX max. effective Sy max XX, XXX
max. effective Ey max XX, XXX max. actual Smax XX, XXX aux.
min. actual E i XX, XXX aux. min. effective S, min XX, XXX
min. effective E, min XX, XXX min. actual Smin XX, XXX
Measurement between Mg, XX, XXX max. @ Measurement over balls Mg, XX, XXX max. aux. @
balls or pins or pins
Measurement between Mg, XX, XXX min. aux. @ | Measurement over balls Mg, XX, XXX min. @
balls or pins or pins
Ball or pin diameter Dg; X, XXX Ball or pin diameter Dge X, XXX
Fillet radius See Table 2 Fillet radius See Table 2

b See9.8.

@  Calculated dimensions.
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The values in Tables 14 to 17 are based on a length of engagement equal to one half of the pitch diameter.
For a different length of engagement, adjustment of the deviation allowance could be required.

Table 14 — Deviation allowances 4 — Modules 0,25 to 1
Tolerance values in micrometres

2 m=0,25 m=0,5 m=0,75 m=1 B
Number of testh Tolerance class Tolerance class Tolerance class Tolerance class Number of teeth
4 5 6 7 4 5 6 7 4 5 6 7 4 5 6 7
6 9 14 20 31 10 15 22 34 1 16 23 36 " 17 25 38 6
7 9 14 21 32 10 15 22 34 1 16 24 36 12 17 25 38 7
8 9 14 21 32 10 15 23 35 1 17 24 37 12 18 26 39 8
9 10 14 21 32 1 16 23 35 1 17 25 38 12 18 26 40 9
10 10 14 21 32 11 16 23 36 12 17 25 38 13 18 27 40 10
1 10 14 21 33 1" 16 24 36 12 17 26 39 13 19 27 41 "
12 4 45 4 4 4 4 4 4 4 4 4
13 10 15 22 33 1" 17 24 37 12 18 26 40 13 19 28 42 1
14 10 15 22 33 1" 17 25 37 13 18 27 40 13 20 29 43 1
15 10 15 22 34 12 17 25 37 13 18 27 41 14 20 29 43 1
16 10 15 22 34 12 17 25 38 13 19 27 41 14 20 29 44 1
17 10 15 22 34 12 17 25 38 13 19 28 42 14 20 30 45 1
18 10 15 23 34 12 17 26 39 13 19 28 42 14 21 30 45 1
19 1 16 23 35 12 18 26 39 13 19 28 42 14 21 31 46' 1
20 11 16 23 35 12 18 26 39 14 20 29 43 15 21 31 46 2
21 1 16 23 35 12 18 26 40 14 20 29 43 15 21 31 a7 2
22 1" 16 23 35 13 18 27 40 14 20 29 44 15 22 32 74 2
23 1" 16 23 35 13 18 27 40 14 20 29 44 15 22 32 48 2
24 1" 16 24 36 13 19 27 40 14 20 30 44 15 22 32 48 2
25 11 16 24 36 13 19 27 41 14 21 30 45 16 22 33 48 2
26 1" 16 24 36 13 19 27 41 14 21 30 45 16 23 33 49 2
27 1" 16 24 36 13 19 28 41 15 21 31 46 16 23 33 49 2
28 1" 16 24 36 13 19 28 42 15 21 31 46 16 23 34 50 2
29 1" 17 24 37 13 19 28 42 15 21 31 46 16 23 34 50 2
30 11 17 24 37 13 20 28 42 15 22 31 47 16 24 34 51 3
31 12 17 25 37 14 20 28 43 15 22 32 47 w 24 34 51 3
32 12 17 25 37 14 20 29 43 15 22 32 47 17 24 35 52 3
33 12 17 25 37 14 20 29 43 15 22 32 48 17 24 35 52 3
34 12 17 25 38 14 20 29 43 16 22 32 48 17 24 35 52 3
35 12 17 25 38 14 20 29 44 16 23 33 48 17 25 36 53 3
36 12 17 25 38 14 20 29 44 16 23 33 49 17 25 36 53 3
37 12 17 25 38 14 20 30 44 16 23 33 49 18 25 36 54 3
38 12 17 25 38 14 21 30 44 16 23 33 49 18 25 37 54 3
39 12 18 26 38 14 21 30 45 16 23 34 50 18 25 37 54 3
40 12 18 26 39 14 21 30 45 16 23 34 50 18 26 37 55 4
41 12 18 26 39 15 21 30 45 16 24 34 50 18 26 37 55 4
42 12 18 26 39 15 21 31 45 17 24 34 51 18 26 38 55 4
43 12 18 26 39 15 21 31 46 17 24 35 51 18 26 38 56 4
44 12 18 26 39 15 21 31 46 17 24 35 51 18 26 38 56 4
45 12 18 26 39 15 21 31 46 17 24 35 52 19 27 38 57 4
46 13 18 26 40 15 22 31 46 17. 24 35 52 19 27 39 57 4
47 13 18 26 40 15 22 31 47 17 25 35 52 19 27 39 57 4
48 13 18 27 40 15 22 32 47 17 25 36 53 19 27 39 58 4
49 13 18 27 40 15 22 32 47 17 25 36 53 19 27 39 58 4
50 13 18 27 40 15 22 32 47 17 25 36 53 19 28 40 58 5
51 13 19 27 40 15 22 32 48 18 25 36 54 19 28 40 59 5
52 13 19 27 40 16 22 32 48 18 25 37 54 20 28 40 59 5
53 13 19 27 41 16 22 32 48 18 25 37 54 20 28 40 59 5!
54 13 19 27 41 16 23 83 48 18 26 37 54 20 28 41 60 5
55 13 19 27 41 16 23 38, 49 18 26 37 55 20 28 41 60 5
56 13 19 27 41 16 23 32 49 18 26 37 55 20 29 41 60 5
57 13 19 28 41 16 23 33 49 18 26 38 55 20 29 41 61 5
58 13 19 28 41 16 23 33 49 18 26 38 56 20 29 42 61 5
59 13 19 28 42 16 23 33 49 18 26 38 56 20 29 42 61 5
60 13 19 28 42 16 23 34 50 19 26 38 56 21 29 42 62 6
61 13 19 28 42 16 23 34 50 19 27 38 56 21 29 42 62 6
62 13 19 28 42 16 23 34 50 19 27 39 57 21 30 43 62 6.
63 13 19 28 42 17 24 34 50 19 27 39 57 21 30 43 63 6!
64 14 20 28 42 17 24 34 50 19 27 39 57 21 30 43 63 6
65 14 20 28 42 17 24 34 51 19 27 39 57 21 30 43 63 6!
66 14 20 29 43 17 24 34 51 19 27 39 58 21 30 43 64 6
67 14 20 29 43 17 24 35 51 19 27 39 58 21 30 44 64 6
68 14 20 29 43 17 24 35 51 19 28 40 58 21 30 44 64 6
69 14 20 29 43 17 24 35 52 19 28 40 59 22 31 44 65 6!
70 14 20 29 43 17 24 35 52 20 28 40 59 22 31 44 65 7
71 14 20 29 43 17 24 35 52 20 28 40 59 22 31 45 65 7
72 14 20 29 43 17 25 35 52 20 28 40 59 22 31 45 66 7
73 14 20 29 43 17 25 36 52 20 28 41 60 22 31 45 66 7
74 14 20 29 44 17 25 36 53 20 28 41 60 22 31 45 66 7
75 14 20 29 44 17 25 36 53 20 28 41 60 22 32 45 66 7
76 14 20 29 44 17 25 36 53 20 29 41 60 22 32 46 67 7
7 14 20 30 44 18 25 36 53 20 29 41 61 22 32 46 67 7
78 14 21 30 44 18 25 36 53 20 29 41 61 23 32 46 67 7
79 14 21 30 44 18 25 36 54 20 29 42 61 23 32 46 68 7
80 14 21 30 44 18 25 36 54 20 29 42 61 23 32 46 68 80
81 14 21 30 44 18 25 37 54 21 29 42 62 23 32 47 68 81
82 14 21 30 45 18 26 37 54 21 29 42 62 23 33 47 68 82
83 14 21 30 45 18 26 37 54 21 29 42 62 23 33 47 69 83
84 15 21 30 45 18 26 37 55 21 30 43 62 23 33 47 69 84
85 15 21 30 45 18 26 37 55 21 30 43 63 23 33 47 69 85
86 15 21 30 45 18 26 37 55 21 30 43 63 23 33 48 70 86
87 15 21 30 45 18 26 37 55 21 30 43 63 23 33 48 70 87
88 15 21 31 45 18 26 38 55 21 30 43 63 24 33 48 70 88
89 15 21 31 46 18 26 38 55 21 30 43 63 24 34 48 70 89
90 15 21 31 46 18 26 38 56 21 30 44 64 24 34 48 71 90
91 15 21 31 46 19 26 38 56 21 30 44 64 24 34 49 71 91
92 15 21 31 46 19 26 38 56 21 31 44 64 24 34 49 71 92
93 15 21 31 46 19 27 38 56 22 31 44 64 24 34 49 72 93
94 15 22 31 46 19 27 38 56 22 31 44 64 24 34 49 72 94
95 15 22 31 46 19 27 39 57 22 31 44 65 24 34 49 72 95
96 15 22 31 46 19 27 39 57 22 31 45 65 24 35 50 72 96
97 15 22 31 46 19 27 39 57 22 31 45 65 24 35 50 73 97
98 15 22 31 47 19 27 39 57 22 31 45 66 25 35 50 73 98
99 15 22 32 47 19 27 39 57 22 31 45 66 25 35 50 73 99
100 15 22 32 47 19 27 39 57 22 31 45 66 25 35 50 73 100
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Table 15 — Deviation allowances 1 — Modules 1,25 to 2
Tolerance values in micrometres
z m=1,25 m=1,5 m=1,75 m=2 z
Tolerance class Tolerance class Tolerance class Tolerance class
Number of teeth 4 5 6 7 4 5 6 7 4 5 6 7 4 5 6 7 Number of teeth

6 12 18 26 40 13 18 27 41 13 19 28 43 14 20 29 44 6

7 12 18 27 40 13 19 28 42 13 20 29 44 14 20 30 45 7

8 13 19 27 41 13 19 29 43 14 20 30 45 14 21 31 47 8

9 13 19 28 42 14 20 29 44 14 21 30 46 15 22 32 48 9
10 13 19 28 43 14 20 30 45 15 21 31 47 15 22 32 49 10
11 14 20 29 43 14 21 30 46 15 22 32 48 16 23 33 49 11
12 14 20 29 44 15 21 31 46 15 22 32 48 16 23 34 50 12
13 14 20 30 45 15 22 31 47 16 23 33 49 16 23 34 51 13
14 14 21 30 45 15 22 32 48 16 23 33 50 17 24 35 52 14
15 15 21 31 46 15 22 32 48 16 23 34 51 17 24 36 53 15
16 15 21 31 47 16 23 33 49 16 24 35 52 17 25 36 54 16
17 15 22 32 47 16 23 33 50 17 24 35 52 17 25 37 55 17
18 15 22 32 48 16 23 34 51 17 24 36 53 18 26 37 55 18
19 15 22 33 48 16 24 34 51 17 25 36 54 18 26 38 56 19
20 16 23 33 49 17 24 35 52 18 25 37 54 18 26 38, 57 20
21 16 23 33 50 17 24 35 52 18 26 37 55 19 27 39 58 21
22 16 23 34 50 17 25 36 53 18 26 38 56 19 27 39 58 22
23 16 24 34 51 17 25 36 54 18 26 38 56 19 28 40 59 23
24 17 24 35 51 18 25 37 54 19 27 39 57 19 28 40 60 24
25 17 24 35 52 18 26 37 55 19 27 39 58 20 28 41 60 25
26 17 24 35 52 18 26 37 55 19 27 39 58 20 29. 41 61 26
27 17 25 36 53 18 26 38 56 19 28 40 59 20 29 42 62 27
28 17 25 36 53 18 26 38 57 19 28 40 60 20, 29 42 62 28
29 17 25 36 54 19 27 39 57 20 28 41 60 21 30 43 63 29
30 18 25 37 54 19 27 39 58 20 28 41 61 21 30 43 64 30
31 18 26 37 55 19 27 39 58 20 29 42 61 2 30 44 64 31
32 18 26 37 55 19 28 40 59 20 29 42 62 21 31 44 65 32
33 18 26 38 56 19 28 40 59 21 29 42 62 22 31 45 66 33
34 18 26 38 56 20 28 41 60 21 30 43 63 22 31 45 66 34
35 19 27 38 57 20 28 41 60 21 30 43 64 22 31 45 67 35
36 19 27 39 57 20 29 41 61 21 30 44 64 22 32 46 67 36
37 19 27 39 58 20 29 42 61 21 30 44 65 22 32 46 68 37
38 19 27 39 58 20 29 42 62 22 31 44 65 23 32 47 69 38
39 19 27 40 58 21 29 42 62 22 31 45 66 23 33 47 69 39
40 19 28 40 59 21 30 43 63 22 31 45 66 23 33 48 70 40
41 20 28 40 59 21 30 43 63 22 32 46 67 23 33 48 70 41
42 20 28 41 60 21 30 43 64 22 32 46 67 23 33 48 71 42
43 20 28 41 60 21 30 44 64 22 82 46 68 24 34 49 71 43
44 20 29 41 61 21 30 44 65 23 32 47 68 24 34 49 72 44
45 20 29 41 61 22 31 44 65 23 33 47 69 24 34 49 72 45
46 20 29 42 61 22 31 45 66 23 33 47 69 24 35 50 73 46
47 20 29 42 62 22 31 45 66 23 33 48 70 24 35 50 74 47
48 21 29 42 62 22 31 45 66 23 33 48 70 25 35 51 74 48
49 21 30 43 63 22 32 46 67 24 34 48 71 25 35 51 75 49
50 21 30 43 63 22 32 46 87 24 34 49 71 25 36 51 75 50
51 21 30 43 63 23 32 46 68 24 34 49 72 25 36 52 76 51
52 21 30 44 64 23 32 47 68 24 34 49 72 25 36 52 76 52
53 21 30 44 64 23 33 47 69 24 35 50 73 26 36 52 77 53
54 21 31 44 65 23 33 47 69 24 35 50 73 26 37 53 77 54
55 22 31 44 65 23 33 47 70 25 35 50 74 26 37 53 78 55
56 22 31 44 65 23 33 48 70 25 35 51 74 26 37 53 78 56
57 22 31 44 66 23 33, 48 70 25 35 51 75 26 37 54 79 57
58 22 31 45 66 24 34 48 71 25 36 51 75 26 38 54 79 58
59 22 32 45 67 24 34 49 71 25 36 52 76 27 38 55 80 59
60 22 32 46 67 24, 34 49 72 25 36 52 76 27 38 55 80 60
61 22 32 46 67 24 34 49 72 26 36 52 76 27 38 55 81 61
62 23 32 46 68 24 34 50 72 26 37 53 77 27 39 56 81 62
63 23 32 46 68, 24 35 50 73 26 37 53 77 27 39 56 82 63
64 23 32 47 68, 24 35 50 73 26 37 53 78 27 39 56 82 64
65 23 33 47 69, 25 35 50 74 26 37 54 78 28 39 57 82 65
66 23 33 47 69 25 35 51 74 26 37 54 79 28 39 57 83 66
67 23 33 47, 69 25 35 51 74 26 38 54 79 28 40 57 83 67
68 23 33 48 70 25 36 51 75 27 38 54 79 28 40 57 84 68
69 23 33 48 70 25 36 51 75 27 38 55 80 28 40 58 84 69
70 24 33 48 70 25 36 52 76 27 38 55 80 28 40 58 85 70
7 24 34 48 7 25 36 52 76 27 38 55 81 29 41 58 85 71
72 24 34 49 7 26 36 52 76 27 39 56 81 29 41 59 86 72
73 24 34 49 7 26 37 53 77 27 39 56 82 29 41 59 86 73
74 24 34 49 72 26 37 53 77 28 39 56 82 29 41 59 87 74
75 24 34 49 72 26 37 53 77 28 39 56 82 29 41 60 87 75
76 24 35 50 72 26 37 53 78 28 39 57 83 29 42 60 87 76
77 24 35 50 73 26 37 54 78 28 40 57 83 30 42 60 88 77
78 26 35 50 73 26 37 54 79 28 40 57 84 30 42 61 88 78
79 25 35 50 73 27 38 54 79 28 40 58 84 30 42 61 89 79
80 25 35 51 74 27 38 54 79 28 40 58 84 30 43 61 89 80
81 25 35 51 74 27 38 55 80 29 40 58 85 30 43 62 90 81
82 25 35 51 74 27 38 55 80 29 41 58 85 30 43 62 90 82
83 25 36 51 75 27 38 55 80 29 41 59 86 30 43 62 90 83
B4 5 36" 54 75 7 39 55 B4 G2 59 86" 3¢ %3 o7 $ 84
85 25 36 52 75 27 39 56 81 29 41 59 86 31 44 63 91 85
86 25 36 52 76 27 39 56 81 29 41 60 87 31 44 63 92 86
87 26 36 52 76 28 39 56 82 29 42 60 87 31 44 63 92 87
88 26 36 52 76 28 39 56 82 29 42 60 87 31 44 64 92 88
89 26 37 53 77 28 39 57 82 30 42 60 88 31 44 64 93 89
90 26 37 53 77 28 40 57 83 30 42 61 88 31 45 64 93 90
91 26 37 53 77 28 40 57 83 30 42 61 89 32 45 64 94 91
92 26 37 53 78 28 40 57 83 30 43 61 89 32 45 65 94 92
93 26 37 53 78 28 40 58 84 30 43 61 89 32 45 65 94 93
94 26 38 54 78 28 40 58 84 30 43 62 90 32 45 65 95 94
95 26 38 54 79 29 40 58 84 30 43 62 90 32 46 66 95 95
96 27 38 54 79 29 41 58 85 31 43 62 90 32 46 66 96 96
97 27 38 54 79 29 41 59 85 31 43 62 91 32 46 66 96 97
98 27 38 55 79 29 41 59 86 31 44 63 91 33 46 66 96 98
99 27 38 55 80 29 41 59 86 31 44 63 92 33 46 67 97 99
100 27 38 55 80 29 41 59 86 31 44 63 92 33 47 67 97 100
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Table 16 — Deviation allowances 4 — Modules 2,5 to 5

Tolerance values in micrometres

z m=25 m=3 m=4 m=5 z
Tolerance class Tolerance class Tolerance class Tolerance class
Number of teeth 4 5 6 7 4 5 6 7 4 5 6 7 4 5 6 7 Number of teeth

6 14 21 31 47 15 22 33 50 17 25 37 56 18 27 40 61 6
7 15 22 32 49 16 23 34 52 18 26 38 57 19 28 41 62 7
8 15 23 33 50 16 24 35 53 18 27 39 59 20 29 43 64 8
9 16 23 34 51 17 25 36 54 19 27 40 60 20 30 44 66 9
10 16 24 35 52 17 25 37 55 19 28 41 62 21 31 45 67 10
" 24 35 53 18 26 38 57 20 29 42 63 22 31 46 69 1"
12 17 25 36 54 18 26 39 58 20 29 43 64 22 32 47 70 12
13 17 25 37 55 19 27 39 59 21 30 44 66 23 33 48 72 13
14 18 26 38 56 19 28 40 60 21 31 45 67 23 34 49 73 14
15 18 26 38 57 19 28 41 61 22 31 46 68 24 34 50 75 15
16 19 27 39 58 20 29 42 62 22 32 47 69 24 35 51 76 16
17 19 27 40 59 20 29 42 63 23 33 48 70 25 36 52 7 17
18 19 28 40 60 21 30 43 64 23 33 48 72 25 36 53 79 18
19 20 28 41 61 21 30 44 65 23 34 49 73 26 37 54 80 19
20 20 29 42 62 21 31 44 66 24 34 50 74 26 38 55 81 20
21 20 29 42 62 22 31 45 67 24 35 51 75 27 38 56 82 21
22 21 29 43 63 22 32 46 68 25 35 51 76 27 39 57 84, 22
23 21 30 43 64 22 32 46 69 25 36 52 7 28 39 57 85 23
24 21 30 44 65 23 32 47 69 25 36 53 78 28 40 58 86 24
25 21 31 44 66 23 33 48 70 26 37 54 79 28 41 59 87 25
26 22 31 45 66 23 33 48 71 26 37 54 80 29 41 60 88 26
27 22 31 45 67 24 34 49 72 27 38 55 81 29 42 61 89 27
28 22 32 46 68 24 34 49 73 27 38 56 82 30 42 61 90 28
29 22 32 47 69 24 35 50 74 27 39 56 83 30 43 62 92 29
30 23 33 47 69 24 35 51 74 28 39 57 84 30 43 63 93 30
31 23 33 48 70 25 35 51 75 28 40 58 85 31 44 64 94 31
32 23 33 48 7 25 36 52 76 28 40 58 86 31 44 64 95 32
33 24 34 49 7 25 36 52 7 29 41 59 87 31 A5 65 96 33
34 24 34 49 72 26 37 53 78 29 41 60 88 32 45 66 97 34
35 24 34 50 73 26 37 53 78 29 42 60 88 32, 46 67 98 35
36 24 35 50 73 26 37 54 79 29 42 61 89 33 46 67 99 36
37 25 35 51 74 26 38 54 80 30 42 62 90 33 47 68 100 37
38 25 35 51 75 27 38 55 81 30 43 62 g 33 47 69 101 38
39 25 36 51 75 27 38 55 81 30 43 63 92 34 48 69 102 39
40 25 36 52 76 27 39 56 82 31 44 63 93 34 48 70 103 40
41 25 36 52 7 27 39 56 83 31 44 64, 94 34 49 7 103 41
42 26 37 53 7 28 39 57 83 31 45 64, 94 35 49 7 104 42
43 26 37 53 78 28 40 57 84 32 45 65 95 35 50 72 105 43
44 26 37 54 79 28 40 58 85 32 45 66 96 35 50 73 106 44
45 26 37 54 79 28 40 58 85 32 46 66 97 36 51 73 107 45
46 27 38 55 80 29 41 59 86 32 46 67 98 36 51 74 108 46
47 27 38 55 80 29 41 59 87 33 47 67 98 36 51 74 109 47
48 27 38 55 81 29 41 60 87 33 a7 68 99 36 52 75 110 48
49 27 39 56 82 29 42 60 88 33 47 68 100 37 52 76 111 49
50 27 39 56 82 30 42 61 89 34 48 69 101 37 53 76 112 50
51 28 39 57 83 30 42 61 89 34, 48 69 101 37 53 7 112 51
52 28 40 57 83 30 43 62 90 34 48 70 102 38 54 7 113 52
53 28 40 57 84 30 43 62 91 34 49 70 103 38 54 78 114 53
54 28 40 58 85 30 43 63 91 35 49 7 104 38 54 79 115 54
55 28 40 58 85 31 44 63 92 35 49 7 104 39 55 79 116 55
56 29 41 59 86 31 44 63 93 35 50 72 105 39 55 80 117 56
57 29 41 59 86 31 44 64, 93 35 50 73 106 39 56 81 117 57
58 29 41 59 87 31 45 64 94 36 51 73 107 39 56 81 118 58
59 29 42 60 87 32 45 65 94 36 51 74 107 40 56 82 119 59
60 29 42 60 88 32 45 65 95 36 51 74 108 40 57 82 120 60
61 30 42 61 88 32 45 66 96 36 52 75 109 40 57 83 121 61
62 30 42 61 89 32 46 66 96 37 52 75 109 41 58 83 121 62
63 30 43 61 89 32 46 66 97 37 52 75 110 41 58 84 122 63
64 30 43 62 90 33 46 67 97 37 53 76 1M1 41 58 84 123 64
65 30 43 62 91 33 47 67 98 37 53 76 111 41 59 85 124 65
66 30 43 62 91 33 47 68 99 38 53 7 112 42 59 85 124 66
67 31 44 63 92 83 47 68 99 38 54 7 113 42 59 86 125 67
68 31 44 63 92 33 47 68 100 38 54 78 113 42 60 86 126 68
69 31 44 64 93! 34 48 69 100 38 54 78 114 42 60 87 127 69
70 31 44 64 93, 34 48 69 101 38 55 79 115 43 61 87 128 70
7 31 45 64 94 34 48 70 101 39 55 79 115 43 61 88 128 71
72 32 45 65 94 34 49 70 102 39 55 80 116 43 61 89 129 72
73 32 45 66. 95 34 49 70 102 39 56 80 "7 43 62 89 130 73
74 32 45 65 95 35 49 71 103 39 56 81 "7 44 62 90 130 74
75 32 46 66, 96 35 49 71 104 40 56 81 118 44 62 90 131 75
76 32 46 66 96 35 50 72 104 40 57 82 119 44 63 91 132 76
7 33 46 66 97 35 50 72 105 40 57 82 119 44 63 91 133 7
78 33 46 67 97 35 50 72 105 40 57 82 120 45 63 92 133 78
79 33 47 67 98 36 50 73 106 41 57 83 121 45 64 92 134 79
80 33 47 67 98 36 51 73 106 41 58 83 121 45 64 93 135 80
81 38 47 68 99 36 51 73 107 41 58 84 122 45 64 93 136 81
82 33, 47 68 99 36 51 74 107 41 58 84 122 46 65 94 136 82
83 34 48 68 99 36 51 74 108 41 59 85 123 46 65 94 137 83
84 3 48 69 166 37 5 3 66 % 59 85 o4 46 85 5 36 B4
85 34 48 69 100 37 52 75 109 42 59 85 124 46 66 95 138 85
86 34 48 69 101 37 52 75 109 42 60 86 125 47 66 95 139 86
87 34 48 70 101 37 52 76 110 42 60 86 126 47 66 96 140 87
88 34 49 70 102 37 53 76 110 42 60 87 126 47 67 96 140 88
89 35 49 70 102 37 53 76 111 43 60 87 127 47 67 97 141 89
90 35 49 71 103 38 53 77 111 43 61 88 127 48 67 97 142 90
91 35 49 7 103 38 53 7 112 43 61 88 128 48 68 98 142 91
92 35 50 7 104 38 54 7 112 43 61 88 128 48 68 98 143 92
93 35 50 72 104 38 54 78 113 43 62 89 129 48 68 99 144 93
94 35 50 72 105 38 54 78 113 44 62 89 130 48 69 99 144 94
95 35 50 72 105 38 54 78 114 44 62 90 130 49 69 100 145 95
96 36 50 73 105 39 55 79 114 44 62 90 131 49 69 100 146 96
97 36 51 73 106 39 55 79 115 44 63 90 131 49 70 101 146 97
98 36 51 73 106 39 55 79 115 44 63 91 132 49 70 101 147 98
99 36 51 73 107 39 55 80 116 45 63 91 133 50 70 102 148 99
100 36 51 74 107 39 56 80 116 45 64 92 133 50 71 102 148 100
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Table 17 — Deviation allowances, 4 — Modules 6 to 10

Tolerance values in micrometres

ISO 4156-1:2005(E)

z m=6 m=8 m=10 z
Tolerance class Tolerance class Tolerance class
Number of teeth 4 5 6 7 4 5 6 7 4 5 6 7 Number of teeth

6 20 29 43 66 23 33 50 75 25 37 55 84 6
7 21 30 45 68 23 34 51 7 26 38 57 87 7
8 21 31 46 69 24 36 53 79 27 40 59 89 8
9 22 32 47 7 25 37 54 82 28 41 61 91 9
10 23 33 49 73 26 38 56 84 29 42 62 94 10
" 23 34 50 75 27 39 57 86 30 43 64 96 1
12 24 35 51 76 27 40 58 87 30 44 65 98 12
13 25 36 52 78 28 41 60 89 31 45 67 100 13
14 25 36 53 80 29 42 61 91 32 46 68 102 14
15 26 37 55 81 29 42 62 93 33 47 70 104 15
16 26 38 56 83 30 43 64 95 33 48 71 106 16
17 27 39 57 84 31 44 65 96 34 49 72 108 17
18 27 39 58 85 31 45 66 98 35 50 74 110 18
19 28 40 59 87 32 46 67 100 35 51 75 112 19,
20 28 41 60 88 32 47 68 101 36 52 76 113 20
21 29 41 61 90 33 47 69 103 37 53 78 115 21
22 29 42 61 91 33 48 70 104 37 54 79 117 22
23 30 43 62 92 34 49 72 106 38 55 80 119 23
24 30 43 63 93 35 50 73 107 39 55 81 120 24
25 31 44 64 95 35 50 74 109 39 56 82 122 25
26 31 45 65 96 36 51 75 110 40 57 84 124 26
27 32 45 66 97 36 52 76 112 40 58 85 125 27
28 32 46 67 98 37 53 7 113 41 59 86 127 28
29 32 46 68 100 37 53 78 114 41 59 87 128 29
30 33 47 68 101 38 54 79 116 42 60 88 130 30
31 33 48 69 102 38 55 80 117 42 61 89 131 31
32 34 48 70 103 39 55 81 119 43 62 90 133 32
33 34 49 7 104 39 56 81 120 44 62 91 134 33
34 35 49 72 105 40 57 82 121 44 68 92 136 34
35 35 50 72 106 40 57 83 122 45 64 93 137 35
36 35 50 73 107 40 58 84 124 A5 65 94 139 36
37 36 51 74 109 41 58 85 125 46 65 95 140 37
38 36 51 75 110 41 59 86 126 46 66 96 142 38
39 36 52 75 111 42 60 87 127, 47 67 97 143 39
40 37 53 76 112 42 60 88 129 47 67 98 144 40
41 37 53 7 113 43 61 89 130 48 68 99 146 41
42 38 54 78 114 43 61 89 134 48 69 100 147 42
43 38 54 78 115 43 62 90 132 48 69 101 149 43
44 38 55 79 116 44 63 91 133 49 70 102 150 44
45 39 55 80 117 44 63 92 135 49 71 103 151 45
46 39 55 80 118 45 64 93 136 50 71 104 153 46
47 39 56 81 119 45 64 93 137 50 72 105 154 47
48 40 56 82 120 45 65 94 138 51 73 106 155 48
49 40 57 82 121 46 65 95 139 51 73 107 156 49
50 40 57 83 122 46 66 96 140 52 74 107 158 50
51 41 58 84 123 47 66 97 141 52 74 108 159 51
52 41 58 84 124 47 67 97 143 52 75 109 160 52
53 41 59 85 124 47 68 98 144 53 76 110 161 53
54 42 59 86 125 48. 68 99 145 53 76 111 163 54
55 42 60 86 126 48 69 100 146 54 77 112 164 55
56 42 60 87 127 49 70 100 147 54 7 113 165 56
57 43 61 88 128 50 7 101 148 55 78 113 166 57
58 43 61 88 129 49 70 102 149 55 79 114 168 58
59 43 61 89 130 50 7 103 150 55 79 115 169 59
60 44 62 90 131 50 71 103 151 56 80 116 170 60
61 44 62 20 132 50 72 104 152 56 80 117 171 61
62 44 63 9 133 51 72 105 153 57 81 118 172 62
63 44 63 91 133 51 73 105 154 57 81 118 173 63
64 45 64 92 134 51 73 106 155 57 82 119 175 64
65 45 64 93 135 52 74 107 156 58 82 120 176 65
66 45 64. 93 136 52 74 108 157 58 83 121 177 66
67 46 65 94 137 52 75 108 158 59 84 122 178 67
68 46 65 94 138 53 75 109 159 59 84 122 179 68
69 46, 66 95 139 53 76 110 160 59 85 123 180 69
70 46, 66 96 139 53 76 110 161 60 85 124 181 70
7 47 66 96 140 54 7 111 162 60 86 125 183 71
72 47 67 97 141 54 7 112 163 61 86 125 184 72
73 47 67 97 142 54 7 112 164 61 87 126 185 73
74 48 68 98 143 55 78 113 165 61 87 127 186 74
75 48 68 98 143 55 78 114 166 62 88 128 187 75
76, 48 68 99 144 55 79 114 167 62 88 129 188 76
7 48 69 100 145 56 79 115 168 62 89 129 189 7
78, 49 69 100 146 56 80 116 169 63 89 130 190 78
79 49 70 101 147 56 80 116 170 63 90 131 191 79
80 49 70 101 147 57 81 117 171 63 90 131 192 80
81 50 70 102 148 57 81 118 172 64 91 132 193 81
82 50 7 102 149 57 82 118 173 64 91 133 194 82
83 50 7 103 150 58 82 119 174 64 92 134 196 83
B 56 74 05 +54 56 B! 26 7 65 9 3 +97 Bt
85 51 72 104 151 58 83 120 175 65 93 135 198 85
86 51 72 104 152 59 83 121 176 66 93 136 199 86
87 51 73 105 153 59 84 121 177 66 94 137 200 87
88 51 73 105 154 59 84 122 178 66 94 137 201 88
89 52 73 106 154 59 85 123 179 67 95 138 202 89
90 52 74 106 155 60 85 123 180 67 95 139 203 90
91 52 74 107 156 60 85 124 181 67 96 139 204 91
92 52 74 108 157 60 86 124 182 68 96 140 205 92
93 53 75 108 157 61 86 125 183 68 97 141 206 93
94 53 75 109 158 61 87 126 183 68 97 141 207 94
95 53 75 109 159 61 87 126 184 69 98 142 208 95
96 53 76 110 160 62 87 127 185 69 98 143 209 96
97 54 76 110 160 62 88 127 186 69 99 143 210 97
98 54 76 111 161 62 88 128 187 70 99 144 211 98
99 54 7 111 162 62 89 129 188 70 100 145 212 99
100 54 77 112 162 63 89 129 189 70 100 145 213 100
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A.1 General

ISO 4156-2

show how th

tabulated sp

A.2 INT 2

NOTE U

Annex A
(informative)

Drawing data example calculations

Number of t¢eth

Module

Pressure an

ple

Pitch diameter

Base diamet

Minimum major diameter (flat root) — not tabulated but'necessary for calculating maximum major diametg

Maximum m

From 9.

er

pjor diameter

1

provides drawing data for spline fit class H/h. The following example calculations are provid
is data is calculated, and also to provide a guide for the calculation of drawing data for the
ine fit classes.

5z x 1,0 m x 30P x 5H - 1SO 4156

hless otherwise stated, all formulae are provided in Table 1.

z=25

m=1,0

oy = 30°
D=m-z=1,0-25=250000

Dy =m-z-cosap=4,0-25 - cos(30°) = 21,650 635 09 = 21,650 ¢

-

Dgj min=im - (z+1,5)=1,0- (25 + 1,5) = 26,50

Dii max = Peimin + (T + 4) / tanap

class 7 (T+ A)=40-iy+ 160 - ig
iqy=0,45- 3D +0,001-D=0,45- 3250 +0,001-25,0=1,340 &
ir=0,45-3YE +0,001-E

E=05-n-m=05-n-1,0=1,571

Form diameter

40

ig=0,45- 31,571 +0,001-1,571=0,5247
T+ A1=40-1,3408 + 160 - 0,5247 = 137,584 ym = 0,138 mm

D = 26,50 + 0,138 / tan(30°) = 26,74

ei max
DFImIn:m(Z+1)+2CF

cg=0,1-1,0=0,1

Dfimin=10-(25+1)+2-0,1=26,20
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Minor diameter Dii min=DPremax + 2 - ¢F
hy - (:,S-esv
2 , ana
Deg max = 2+ [(0,5-Dp)* +|0,5-D-sinap - e D
From Table 2 hg=06-m=06-10=0,6
rom lable 5 es, =0 (see Table 1, Note 2)
_ 050 )
. " tan(30°)
D - 2. /(0,5-21,650 64)% +|0,5-25,0-sin(30°) - —————~
Fe max ( ) ( ) sin(30°)

DFe max — 23,89
Dii min = 23,89 + 2 - 0,1 = 24,09
Di; = 24,09 H11 (+0,130/0)

Minimum effective space width E,, ,,,=0,5-n-m=0,5:7-1,0

E\y min = 1,571
Maximum actual space width  E,.. = E, migt (T+ 4)
From 9.1 class 57+ 1) =16 - iy + 64 - i
FFrom above formula ig= 1,3408 and ig = 0,5247

T+ =16-1,340 8 + 64 - 0,524 7 = 55,03 ym = 0,055 mm
Eppax = 1,571 + 0,055 = 1,626

Minimmum actual)space width  E,i, = £y min

+A

NOTE yl can be calculated from total pitch deviation (Fp) total profile deviation (F,) and total helix deviation (Fﬂ), see
9.2; gr'else can be obtained from Table 14. T

Total pitch deviation F, =355 JL +9 (formula from Table 7)

where L=m-z- =1,0~25%=39,26990817

n
2

F, =3,55-439,26990817 +9 =31,25uym = 0,031mm
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Total profile deviation F,=25-¢p;+16 (formula from Table 8)

where  ¢¢ =m+0,0125-m-2=10+0,0125-1,0-25=131250
F,=25-131250+16=19,28 um =0,019 mm

Total helix deviation Fp= Jb+5 (formula from Table 9)

where b =length of spline  (assume to be one half of the pitch diameter)

= 25 =12,50

b= —
2

NS

Fﬂ =12,50 +5=8,54 ym = 0,009 mm

Deviation allpwance A=0,6- JFE + F(f + Fﬂz

4 =0,6-40,0312 +0,0192 +0,0092

4 =0,022

Epin = 1,571+ 0,022 = 1,593
Max. effectiye space width E, max = Emax — 4

E, =1,626 - 0,022 1,604

vmax —

Measuring ball or pin diameter Dg; (formulae taken:-from ISO 4156-3:2005, 8.5.2)

M
DEi=F-cosap+Dy-invap

2.7

where invla,= tana —| o ~2'n = tan(30°)-| 30°-
‘D D D 360

== =0,053 75
360°

DHi =1 ,571-005(30°) +21,650 64 -0,063 75 =2,524 25

—| Dy 'tana, 21650 64-tan(30°)

BA - ~ 6,250 00
2 2
@)
Dy -tan| ap +inva p — DE;
Dy
BOi =
2
2.7 2,524 25 | 360°
21,650 64 - tan| | 30°- 0,053 752 .
_ K 360° 21,650 64} 2.7 }
BO, = ~ 5,373 62

2
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Calculated Dg; =2-(BA-BOi) = 2(6,250 5,373 62) =1,752 76

From ISO 3 R40 no. series  Dg; = 1,800
Maximum measurement between balls or pins Mg; . (formulae taken from ISO 4156-3:2005, 8.6.1.2)

From above formula Dg;= 1,800

Ta VI E _L(ih\lﬂ — DRi\
T D k D Db )

E=FE_ . =1626

max

inve; = 21’560250 + (0,053 75—

1,800
21,650 64

j =0,035.65158

o; = 26,403 30°

o

Dy, -cos
b z

For odd numbers of teeth  MRjnax =——— — DR;
cosa;

90°

21,650 64-008[

MRimax = j —-1,800 =22,324

cos (26,403 30°)
Minimum measurement between balls or pins_Mg; min
E=EqLin=1,593

inve; = 21555(;30 +[0,053 75—

1,800
21,650 64

j =0,034 33158

o; = 26,092 26°

90°

21,650 64-005(

5 j -1,800 = 22,260
cos (26,092 26°)

MRimin =

Fillet radius pri =0,2m (formula from Table 2)

Pri =0,2x1,0=0,2
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A.3 INT 25z x 1,0m x 30R x 7H - ISO 4156

In this example, a length of spline of spline of 25,0 mm has been used to calculate total helix deviation and
hence the deviation allowance.

NOTE Unless otherwise stated all formulae are provided in Table 1.

Number of teeth z=25

Module m=1,0

Pressure anple ap=30°

Pitch diameter D=m-z=1,0x25=25,0000

Base diamefer Dy=m-z-cosap=1,0-25-cos(30°) =21,650 635 09 = 21,650 6

Minimum major diameter (fillet root) — not tabulated but necessary for calculating maximum major diameter.

Dgimin=m-(z+1,8)=1,0 x (25 +1,8) = 26,80
Maximum mpgjor diameter Dgi max = Dei min + (T + 4)  tanay,
From 91 class 7 (T+ 1) =40 - iy + 160 ig

iy=0,45- D +0,001- D =0,45> 3250 +0,001-25,0=1,3408
ig=045-3E +0,001 - E

E=05-n-m=0,5%7-1,0=1,571

ig = 0,45 - 31577 + 0,001 - 1,571 = 0,5247

T+ =40-1,340 8 + 160 - 0,524 7 = 137,584 um = 0,138 mm

D = 26,80 + 0,138 / tan(30°) = 27,04

eiymax
Form diameter Drimin=m-(z+1)+2-cg

cg=0,1-1,0=0,1

Deimin=10-(25+1)+2-0,1=26,20

Minor diameter Dji min=DPremax + 2 - ¢F

_0,5-esV
tana p

hS
DFemax:2’ (0’5Db)2 + 0,5-D~SinaD—

sina p

From Table 2 hg=06-m=0,6-10=0,6

From Table 5 es, =0 (see Table 1, Note 2)
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0.5x0 )2

"~ tan(30°)

D = 2. |(0,5x21,650 64)% +|0,5x 25,0 xsin(30°)—
Fe max ( ) ( ) sin(30°)

Drg max = 23,89

D =23,89+2-0,1=24,09

ii min

o4 e a4 Ao
D =24 09 T T (F0;To070)

Min. effective space width Eymin=05-m-m=05-n-1,0
E\ min=1,571
Max] actual space width Emax=Ey min+ (T+A)
From above formula class 7 (T+ 1) =0,138

Epax=1,571+0,138 = 1,709
Min. |actual space width Ein = Ey min + 4

NOTE A can be calculated from total pitch deviation (Fp) total profile deviation (#,) and total helix deviation (Fﬂ), see
9.2, gr A can be obtained from Table 14.

Tota| pitch deviation F, = 71-JL +18 (formula from Table 7)
whefle L:m><zxg:1,0x25xg=39,26990817

F, =7,1x/39,269 908 17 +18 = 62,49 ym = 0,062 mm

Tota| profile deviation F,=63x¢;+40 (formula from Table 8)
whete  ¢f =m+0,0125xmxz=1,0+0,0125x1,0x25=1,312 50
F,'=6,3x1,312 50 + 40 = 48,27 ym = 0,048 mm

Tota] kielix deviation Fp=2 /b +10 (formula from Table 9)

where b =length of spline  (assume to be 25,0 mm)

Fp =2x4/25,0 +10=20,00 pm = 0,020 mm

Deviation allowance A= O,6~,IF§ + Faf + Fﬁz

2 =0,6-1/0,0622 +0,0482 +0,0202

4=0,049
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Epyin = 1,571 + 0,049 = 1,620

Max. effective space width E\y max =

Emax_ A

E

v max

=1,709 - 0,049 = 1,660
Measuring ball or pin diameter Dg; (formulae taken from ISO 4156-3:2005, 8.5.2)

M
DEj=E-cosap+ Dy -invap

where inv|a, = tanap - [aD X %) = tan(30°) - [30O X %) =0,05375

DE; =1,571-cos (30°)+21 ,650 64 -0,053 75 = 2,524 25

—| Dpxtana, 2165064 xtan (30°)

BA = = 6,250 00
2 2
M
. E,
Dy xtan| ap +invap -
b
BO} =
2
21,650 64 x tan| | 30°x 2T 10,053 75— 292425 1}, 360
— 360° 21,650 64 ) 2xn
Bd = 5 = 5,373 62
Calculated Dg; =2-(BA-BDi) = 2-(6,250 5,373 62) =1,752 76

From I§O R40 no. series Dg; =4,800
Maximum measurement between-balls or pins Mg; .« (formulae taken from ISO 4156-3:2005, 8.6.1.2)

From aove formula Dg;=1,800

inva-—£+(inva —%]
"D b""p,

E=E ., =1,709

max

inve; = 21570050 +[0,053 75—

1,800
21,650 64

] =0,038 97158

o = 27,150 21°

o
Dy, x cos

For odd numbers of teeth MRi max =——————— DRi
cosa;
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