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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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6-2 and ISO 4156-3 havebeen moved from Clause 2 to Bibliography;
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— symbols of length and arc length between two points, according to ISO 80000-3, have been ado
and usdd in caleulation examples in Annex A;

— in Figufe 8)clearance between external spline and mating part has been corrected;

— in Figure 10, measurement of space width, effective and tooth thicKness, effective have
corrected;

in Figure 11, the figure title has been changed;

in Figure 15, the indication of form tooth height and minor tooth height has been corrected;
in Table 11, the tolerance on D;; for diameter > 80 to 120 in column H 11 has been corrected;
the previous Tables 14 to 17 have been corrected and moved to Annex A;

in A.4, the calculation of Mg, .,;, has been completed.

Alist of all parts in the ISO 4156 series can be found on the ISO website.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

ISO 4156 (all parts) 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 (all parts) are used
for clearance, sliding and interference connections of shafts and hubs. They contain all the necessary
characteristics for the assembly, transmission of torque, and economic production.

The nominal pressure angles are 30°, 37 5° and 45°. For electronic data processmg purposes the form
of expressign n-adopted e 230 3 3 3
P followmg modules

based ont

— for pregsure angles of 30° and 37,5° the module increments are:
0,5;0,7p; 1; 1,25; 1,5; 1,75; 2; 2,5; 3; 4; 5; 6; 8; 10;

— for pregsure angle of 45° the module increments are:

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

vi © IS0 2021 - All rights reserved
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Straight cylindrical involute splines — Metric module,
side fit —

Part 1:

Ge

neralities

1

This
(non

Scope

document provides the data and indications necessary for the design and manufactur
-helical) side-fitting cylindrical involute splines.

Limiting dimensions, tolerances, manufacturing deviations and their_effects on the f

conyj
sped

2

The
cons
und{

ISO
orief

For 1

ISO

31

splil
confl
spag
mati

ecting coaxial spline elements are defined in the formulae and given'in'the tables. Unles
ified, linear dimensions are expressed in millimetres and angulardimensions in degre¢

Normative references

titutes requirements of this document. For dated, references, only the edition cited

1101, Geometrical product specifications (GBS) — Geometrical tolerancing — Toleran
htation, location and run-out

Ferms and definitions

he purposes of this document, the following terms and definitions apply.

ind [EC maintain terminological databases for use in standardization at the following a

SO Online browsing(platform: available at https://www.iso.org/obp

EC Electropedia:available at http://www.electropedia.org/

e joint

ed Aeéth situated around the periphery of a cylindrical external member with simn
ngspaces situated around the inner surface of the related cylindrical internal member

e of straight

it between
s otherwise
S,

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced'document (including any amendments) applies.

res of form,

ddresses:

ectingjcoaxial elements that transmit torque through the simultaneous engagement of equally

ilar spaced

3.2

involute spline
member of spline joint (3.1) having teeth or spaces that have involute flank profiles

3.3

internal spline
spline formed on the inner surface of a cylinder

3.4

external spline
spline formed on the outer surface of a cylinder
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3.5
fillet
concave surface of the tooth or space connecting the involute flank and the root circle

Note 1 to entry: For generated splines this curved surface, as generated, varies and cannot be properly specified
by a radius of any given value. For splines formed directly by a tool (e.g. broached, net formed) the fillet may be
specified as a true radius.

3.6
fillet root
spline having a tooth or space profile in which the opposing involute flanks are connected to the root

circle (D,; opPrthameterbyasingtefitet 3253

3.7

flat root
spline having a tooth or space profile in which each of the opposing involute flanks are connhected t the
root circle (|D,; or D,, diameter) by a fillet (3.5)

3.8
module
m

ratio of the ircular pitch (3.12), expressed in millimetres, to the number n

3.9

pitch circle
reference circle to which all spline dimensions are related, and the'circle on which the specified pregsure
angle (3.13) has its nominal value

3.10
pitch diampter
D
diameter of the pitch circle (3.9), in millimetres,-equal to the number of teeth multiplied by the
module (3.9)

3.11
pitch point
intersection of the spline tooth profile with the pitch circle (3.9)

3.12
circular pifch
p
length of arc of the pitch-gircle (3.9) between two consecutive pitch points (3.11) of left- (or right-) hand
flanks, whi¢h has a valye'of the number m multiplied by the module (3.8)

3.13
pressure apglé
a
acute angle between a radial [ine passing through any point on a tooth flank and the tangent plane to
the flank at that point

3.14

standard pressure angle

@p

pressure angle (3.13) at the specified pitch point (3.11)

3.15
base circle
circle from which involute spline (3.2) tooth profiles are generated

2 © IS0 2021 - All rights reserved
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base pitch

b
arc length of the base circle (3.15) between two consecutive corresponding flanks

3.17

form diameter

Dy

diameter used to define the depth of involute profile control

Note 1 to entry: In the case of an external spline (3.4) it is located near and above the minor diameter, and on an

. o oo M N S
Interyrat spiime{3:5) TTedr aId DEIOW tITE TITajOT UTdIeteT:

3.1

basiic circular space width

E
for 3
dian

3.19

basilc circular tooth thickness

S
for 3
dian

3.20
actu

0°, 37,5° and 45° pressure angle (3.13) splines, half the circular pitch (3.12),-measured
eter (3.10)

0°, 37,5° and 45° pressure angle (3.13) splines, half the cireular pitch (3.12), measured
eter (3.10)

al space width

at the pitch

at the pitch

pradtically measured circular space width, on the pitch circle (3.9), of any single space widtl within the

limit

3.21

effective space width, circular

E.

\%

spade width where an imaginary perféctexternal spline (3.4) would fit without clearance or i
given by the size of the tooth thickness of this external spline, considering engagement g

axia

Note
alwa

3.2

actual tooth thieckness
pradtically measured circular tooth thickness, on the pitch circle (3.9), of any single tooth
limif values.$S

3.2

effective tooth thickness, circular

values E , and E

length of the splined assembly

1 to entry: The minimum_ effective space width (E, always equal to E) of the internal s

s basic, as shown in Table 3.

min’

max and Smin

hterference,
f the entire

pline (3.3) is

within the

S.

\%
tooth thickness where an imaginary perfect internal spline (3.3) would fit without clearance or
interference, given by the size of the space width of this internal spline, considering engagement of the
entire axial length of the splined assembly

3.24

effective clearance

Cy

(looseness or interference) effective space width, circular (3.21) of the internal spline (3.3) minus the
effective tooth thickness, circular (3.23) of the external spline (3.4)

Note

1 to entry: For looseness, c, is positive; for interference, c, is negative.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=faeaa8250946c7204517c6f29f84a3b0

ISO 4156-1:2021(E)

3.25

form clearance

CF

radial clearance between the form diameter of the internal spline (3.3) and the major diameter of the
external spline (3.4), or between the minor diameter of the internal spline and the form diameter of the
external spline

Note 1 to entry: It allows eccentricity of their respective pitch circles (3.9).

3.26

total pitch deviation
F
aﬁsolute vdlue of the difference between the greatest positive and negative deviations from| the
theoretical ppacing, measured at the pitch circle (3.9)

Note 1 to enfry: See ISO 1328-1.

3.27
total profile deviation
F(X

absolute vglue of the difference between the greatest positive and negative deviations from| the
theoretical footh profile, measured normal to the flanks

3.28
total helix deviation

F,
aﬁsolute vallue of the difference between the two extreme deviations from the theoretical dire¢tion
parallel to the reference axis

Note 1 to enffry: This includes parallelism deviation (3.29) ahdalignment deviation (3.30), see Figure 1.

2
N

c) Alignment deviation

Key

1 reference axis

2 centreline of teeth
3 effective spline axis

Figure 1 — Helix deviations

4 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=faeaa8250946c7204517c6f29f84a3b0

ISO 4156-1:2021(E)

3.29
parallelism deviation
deviation of parallelism of a single spline tooth to any other single spline tooth

Note 1 to entry: See Figure 1 b).

3.30
alignment deviation
deviation of the effective spline axis with respect to the reference axis

Note 1 to entry: See Figure 1 c).

ar (3.21) or

D) or tooth

cular (3.21)

total tolerance
(ext¢rmal spline) difference between the maximum effective tooth thickness, circular (3.23) and the
minimum actual tooth thickness (3.22)

3.38
basic dimension
numerical value to describe the theoretically exact size, shape or location of a feature

Note 1 to entry: It is the basis from which permissible deviations are established by tolerances.

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.

© IS0 2021 - All rights reserved 5
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(o]
[¢]

ee max

ee min

[¢]
—

ei max

ei min

—
]

ie max

ie min

—

il max

ii min

I m T O U O U U U v O T T U

max

o)

min

=

Spline length mm
Form clearance mm
Effective clearance (looseness or interference) um

Maximum effective clearance um

Minimum effective clearance um

Ball or pin contact diameter, external spline mm
Ball or pin contact diameter, internal spline mm
Pitch diameter mm
Form diameter, external spline mm
Maximum form diameter, external spline mm
Form diameter, internal spline mm
Minimum form diameter, internal spline mm
Diameter of measuring ball or pin for external spline mm
Diameter of measuring ball or pin for internal spline mm
Base diameter mm
Major diameter, external spline mm
Maximum major diameter, external’spline mm
Minimum major diameter, external spline mm
Major diameter, internalspline mm
Maximum major diameter, internal spline mm
Minimum majordiameter, internal spline mm
Minor diameter, external spline mm
Maximum minor diameter, external spline mm
Minimum minor diameter, external spline mm
Minor diameter, internal spline T
Maximum minor diameter, internal spline mm
Minimum minor diameter, internal spline mm
Basic circular space width mm
Maximum actual space width mm
Minimum actual space width mm
Effective space width, circular mm

© ISO 2021 - All rights reserved
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E, max Maximum effective space width mm
E, min Minimum effective space width mm
es, Fundamental deviation, external um
F, Total pitch deviation um
F, Total profile deviation pm
Fg Total helix deviation um
hg Form tooth height mnj
i Tolerance unit um
inv g Involute a (= tano—m-ar /180°) —
K, Approximation factor for external spline —
K; Approximation factor for internal spline —
k Number of measured teeth —
L Length of the arc mnj
Iga Length between two points (e.g. point B and point A) mnj
Mg, Measurement over two balls or pins, external splines mnj
Mp; Measurement between two balls or pins, internal mnj
m Module munjp
p Circular pitch mnp
Py Base pitch mnp
S Basic circular'tooth thickness mump
Smax Maximum actual tooth thickness mnj}
Snin Minimum actual tooth thickness mnj}
Sy Effective tooth thickness, circular mnj
Sy mdx Maximum effective tooth thickness mnj}
Sy min MInimum effective tooth thickness mm
SDE Arc length between two points (e.g. point D and point E) mm
T Machining tolerance um
T, Effective clearance tolerance pm
w Measurement over k teeth, external spline mm
z Number of teeth (for external and internal splines, z has a positive sign) —
a Pressure angle °

© IS0 2021 - All rights reserved
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Ao 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 °

a, Pressure angle at ball or pin centre, external spline °

e Pressure angle at form diameter, external spline °

A Pressure angle at form diameter, internal spline °

a; Pressure angle at ball or pin centre, internal spline °

A Deviation allowance wm
Pre Fillet radius of the basic rack, external spline mm
Pri Fillet radius of the basic rack, internal spline mm
N Tolerance factor —

k; js; h; f; e;[d  Fundamental deviation of the external spline um
4.2 Subsfripts

The followihg subscripts are used as part of the above generalisymbols to designate relative conditions
or locationg:

b at the base

C at cgntact point

D stardard

d tolerance based on pitch diameter(D)

E tolerance based on basic cireular space width (E) or basic circular tooth thickness (5)
e major or external (in thelast case in the last position)

F pertlaining to foym'dlameter

f factpr

i minpr of internal (in the last case in the last position)

R pertaimng to gauge

v effective

NOTE In electronic data processing (EDP), it is not always possible to present symbols in their theoretically

correct form because of limitations of connected printing equipment. For this reason, some alternative symbols

for EDP usag

e are given in Table 1 (for example, the symbol for D, for base diameter can 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.
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EDP rep-
Term Symbol Formula resenta-
tion
Pitch diameter D m -z D
Base diameter Dy, m -z - COSOp DB
Circular pitch p m- T P
Base pitch Pp m - T - COSO, PB
Funflamental deviation, external es, Resulting from fundamental deviation ESV
k,js, h, f,eand d
Minjmum major diameter, internal:
30°, flat root Dei min m - (z+1,5) DEIMIN
30°, fillet root Dei min m - (z+1,8) DEIMIN
37,5°, fillet root Dei min m - (z+14) DEIMIN
45° fillet root Dei min m - (2+1,2) DEIMIN
Maxfimum major diameter, internal Dei max D, (T + ﬂ,) /tan or,a DEIMAX
Minjmum form diameter, internal:
30° flat root and fillet root Dri min m - (Z+1)+2~cF DFIMIN
37,5° fillet root D¥imin m - (z+0,9)+2-¢; DFIMIN
45° fillet root Deimin m - (z+0,8)+2-c, DFIMIN
Min{mum minor diameter, internal Djiimis Dpe max T2 * Cg° DIIMIN
Maxfimum minor diameter, internal:
m £ 0,75 Dii max Dy i +1T 10 DIIMAX
0,7h<m«< 2 i max Dy i 1T 11 DIIMAX
mz2 2 ii max Dii min +IT 12 DIIMAX
Basilc circular space width E 0,5-m-m E
Min|mum effective spaeé width E; min 0,5-m-m EVMIN
Maxfimum actual space width:
class 4 to-{lass 7 max E, in T (T+A)c EMAX
Minixhixni actual space width min E, int4 EMIN
Maxdimum effective space width Ev e F'V T —I-TV EVMAX
Maximum major diameter, external:
30°, flat root and fillet root Dee max m-(z+1)+es,, /tanog 4 DEEMAX

a (T+/l) for class 7 - see 9.1.
¢ See Clauses 8,9 and ISO 4156-2.

¢ For h, see Figure 15 and Table 2.
f See9.l.

d Take es, = 0 for fundamental deviation js and k.

g  See IS0 4156-3 concerning the choice of balls or pins.

b Forall classes of fit, always take the D, ..., value corresponding to the H/h fit.

© IS0 2021 - All rights reserved
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Table 1 (continued)

EDP rep-
Term Symbol Formula resenta-
tion
37,5°, fillet root Dee max m-(z+0,9)+es,, /tanoy, DEEMAX
45°, fillet root Dee max m-(z+0,8)+es, /tanoy, DEEMAX
Minimum major diameter, external:
m < 0,75 Dee min Do max —1T 10 DEEMIN
0,75 <m < 2 Dee min Dee max -IT 11 DEEM|]N
m> 2 Dee min Dy may ~1T 12 DEEMIN
2
B 0,5-es
5 tanoy
Maximum f¢grm diameter, external® Dpe max |2 (O'SDb )2 + 0,5D-sinoy, — . D DFEMAX
sinoy,
Maximum njinor diameter, external:
30°, flat foot Die max m-(z—1,5)+es/ /tanoy, DIEMAX
30°, fillefroot Die max m-(z—1,8)+es, /tanoy, DIEMAX
37,5°, fillpt root Die max m-(z<1,4)+es, / tanoy DIEMAX
45°, fillet|root Die max m:(z—1,2)+es, /tanoy, DIEMAX
Minimum mjinor diameter, external Die min Dy, hax —(T+A),/tanogy? DIEM|N
Basic circular tooth thickness S 0,5 m®-m S
Maximum effective tooth thickness Sv mape S+es, SVMAX
Minimum aqtual tooth thickness:
class 4 td class 7 Stin Sy max —(T+A)© SMIN
Maximum aftual tooth thickness Stax Sy max — SMAK
Minimum eflfective tooth thickness Sy min Sy max — Ly SVMIN
i f
To_tal tolera]lce, space width.or tooth (T_M,) TLAM
thickness
Maximum effective efearance Cy max E, max —Sv min CVMAX
Minimum el]fective clearance €y min v min —SV max CVMIN
Form clearace Cp e CF
Form tooth height h e HS
Ball or pin diameter, internal spline Dy; 8 DRI
Ball or pin diameter, external spline Dpe 8 DRE

a (T+A) forclass 7 - see 9.1.

b For all classes of fit, always take the Dg, ., value corresponding to the H/h fit.
¢ See Clauses 8,9 and ISO 4156-2.

4 Take es, = 0 for fundamental deviation js and k.

¢ For h, see Figure 15 and Table 2.

f See9.l.

g€  See IS0 4156-3 concerning the choice of balls or pins.

10 © IS0 2021 - All rights reserved
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Table 1 (continued)
EDP rep-
Term Symbol Formula resenta-
tion
Measurement between balls or pins Mp; g MRI
Measurement over balls or pins Mg, g MRE
Change factor, internal K; g KI
Change factor, external K, g KE

a  (T+A) forclass 7 - see 9.1.
b For all classes of fit, always take the D, . value corresponding to the H/h fit.
¢ pee Clauses 8,9 and ISO 4156-2.

d  Take es, = 0 for fundamental deviation js and k.

¢ For h, see Figure 15 and Table 2.
f Bee9.l

g  PBee IS0 4156-3 concerning the choice of balls or pins.

5 [oncept of side fit splines

This| document defines side fit involute splines with préssure angles of 30° 37,5° and 45°. The
trangmission of torque is achieved by contact of the tooth flanks only. This is possible in thle clockwise
or apticlockwise direction of rotation (see Figure 2). The opposite tooth flanks, major| and minor
diampeters shall have clearance.

a)-Clockwise rotation b) Anticlockwise rotation

Figure 2 — Side fit tooth flank contact

The nature of the involute profile divides the torque into two directions resulting in a centring force
(see Figure 3). This centring force enables side fit involute splines to be centralized by the tooth flanks.

© IS0 2021 - All rights reserved 11
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Key
1 centringforce
2 rotation|force
3 torque

Figure 3 — Centring forée

The sizes of space width and tooth thickness (see Figure.4) are defined as the length of the arc af 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.

12 © IS0 2021 - All rights reserved
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Figure 5 — Diameters

Effective fit concept

To be able to machine the spaces of internal splines and the teeth of external splines, § machining

toler

mac
mac

hining tolerance, T (see Figure‘6), is applied to the space width of internal splines and

thickness of external splines.

The

upper machining tolerance limit is referred to as maximum actual and the lower one ig

as nmjinimum actual.

Simi

flar to cylindrical’fits between hubs and shafts, form deviations of the geometry (se

affe¢t the maximuamv/material condition and hence the fit. The form deviation is the deviatio

to th

of eyery space’or tooth. These form deviations have an accumulative effect which is ref
effeqtive deviation.

The

fofm deviations consist of three types: profile deviation, pitch deviation and heli}

ance commonly referred to as thievactual machining tolerance is necessary. Fouf classes of
hining tolerance (classes 4, 5, 6@nd 7) are provided for the different needs of industrjial use. The

to the tooth

referred to

e Figure 7)
h compared

e perfect cylinder. The form deviations of splines are much more complex and occur o each flank

erred to as

k deviation.

The positive material elements of these deviations result in a reduction of effective space width of
an internal spline, or an increase in the effective tooth thickness of an external spline, and hence a
reduction in the effective clearance. This effect can only be detected by the use of an imaginary perfect
mating spline that fits without looseness or interference.

© IS0 2021 - All rights reserved
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a) Internal spline

b) External spline

Key

1 largest §pace width

2 smallestspace width

3 maximum actual tolerancé
4 minimum actual tolerance
5 largest tpoth thickness

6  smallest tooth thickness

Figure 6 — Machining tolerance, T
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Key
1 form deviation

Figure 7 — Form deviations

© IS0 2021 - All rights reserved
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The positive material elements of profile deviation (see Figure 8) result in a smaller space or a larger
tooth thickness which has an effect on the fit with a mating part.

Key

1 internal|spline

2 external spline

3 space width, actuat

4 tooth thjcknessraetual

5 space wldth)effective

6  tooth thickness, effective
7  mating part

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

Key

1 nternal spline

2 pxternal spline

3  ppace widthyactual

4 tooth thickness, actual

5 space.width, effective

6 tooththicknessreffective
7  mating part

Figure 9 — Pitch deviation
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The positive material elements of helix deviation (see Figure 10) also result in a smaller space width or
a larger tooth thickness which again affects the fit with a mating part.

internal|spline
externallspline
space wldth, actuat

space wldth, effective

tooth thlckress effective

1
2
3
4 tooth thjckness;actual
5
6
7

mating part

18

Figure 10 — Helix deviation
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The accumulated form deviations (see Figure 11) of each flank result in an effective size of space width

or tooth thickness.
L

A
1 2 3 4 5 6
a) Profile deviation
b
I \\'
1 2 3 4 5 6
b) Pitch deviation
C \\.
1 2 3 4 5 6
c) Helix deviation
d<

1 2 3 4 5 6

d) Accumulation of form deviations

Key
1-6 tooth numbers

a Maximtmeat tooth 1.
b Maximum at tooth 4.

c Maximum at tooth 6

d  Theoretical maximum.
e Effective deviation.

Figure 11 — Influence of individual 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

—

)

A

Key
1 internal|spline with form déeviations
2 external spline with form deviations
3  internalleffective spage'width

4 externalleffectivetooth 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.

10

Key
nternal spliné

argest space'width
maximum actual tolerance
smallest space width

o actuat-toterance

minimum effective tolerance of space width
maximum effective tolerance of tooth thickness
largest tooth thickness

O 0 N O U1 A W N -

smallest tooth thickness

[EnN
o

external spline

Figure 13 — Actual and effective tolerances
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max / ¥
T
Ev max A
T+A
Emin
T
v
A
: E=051mm
min 7y , ]
> 2 £ 5z
% / U> L)S UE
S| max Y / !
A
T
nax v
T+&
S min !
T
S |

Key
1 spacew
2 toothth

min

dth, internal
ckness, external

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

7 Basic

The basic 1
a plane at 1
standard tg
the profile

rack profiles for spline

the basic rack for standard-pressure angle splines is represented in Figure 15 and Table 2.

22

nck is a section of the tooth surface on an involute spline of infinitely large diametg
ight angles to the tooth surfaces, the profile of which is used as the basis for defining
oth dimensions of a §ystem of involute splines. The reference line is a straight line cros
f the basic rack, with reference to which the tooth dimensions are specified. The prof

r on
r the
sing
le of
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Key

1 |nternal spline

2 major space height

3 major tooth height

4  pitch line

5  pxternal spline

6  form tooth height

7  minor tooth height

NOTE For internal splines (hub), the form diametgr, obtained by generating from the basic rakk, is always

greater than the form diameter shown in the tables.of/dimensions in ISO 4156-2, which correspond ip all fit cases
to the major maximum diameter of the shaft increased to diametrical form clearance (2c). For extprnal splines
(shaffts), cp is obtained by generation from the bdsic rack (Dg, ,,) @and for H/h fit (see footnote P to Thble 1).

Eigure 15 — Basic rack profile

Table 2 — Dimensions of basic rack

Pressure angle
Parameter 30°
Flat root Fillet root 37,57 457
Maj¢r space height 0,75m 09m 0,7 m 0,6 m
Maj¢r tooth height 0,5m 0,5m 0,45 m 0,4 m
Formp tooth height, A, 0,6 m 0,6 m 0,55 m D,5m
Minpr-tooth height 0,75 m 09 m 0,7m 0,6 m
Root radius, pg; 0,2m 0,4 m 0,3m 0,25m
Root radius, pg, 0,2m 0,4 m 0,3m 0,25m
Form clearance, c 0,1 m 0,1m 0,1 m 0,1 m

8 Spline fit classes
To achieve different amounts of clearance or interference between the space width and the tooth

thickness, this document has a number of fit classes (see Figure 16). These result in different amounts
of clearance or interference.
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This docum
circularto
classes wit
(see Table 6
fundament:

a) Loose fit

b) Zero fit

Figure 16 — Types of fit

c) Press/fit

ent provides standard fundamental deviation k, js, h, f, e and d for-application to the basic
h thickness (S) at the pitch diameter of the external spline, in orderto establish the spline fit
out looseness or having maximum effective interferences or minimum effective clearances
), and thus standardizing on composite GO gauges. Table 3-répresents in graphical forn the
1] deviations and spline class tolerance zones for the six spline fit classes.

24
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Table 3 — Graphical representation of fundamental deviations for spline fit classes

Internal External splines fit classes
splines
(always H) H/d H/e H/f H/h H/js H/k
N
<
+
= 1) & ]
W
= 2| =
+ <
T " <
v;> g
8 1]
£ <
Y| & +
& =
° 3} T | <
o A £ R = '
1] g > g > (Qﬂ)
= S 3 e 8
\ \
! i t ‘
o
A I
_~
A
Zero line
E=0,5mm
T
T

The

devi

Table 4 — Effective interference and effective looseness of spline fit classe§

required maximum effective interference or minimum effective looseness (see Table 4) shall be
obtained by adjustihg from the zero line the maximum effective tooth thickness by the f

ption es, {sge Tables 3 and 5), whilst maintaining machining tolerance T and deviation z
The ppline dithensions in all spline tables of ISO 4156-2 apply to class H/h.

indamental
1llowance A.

Spline fit class Minimum effective looseness

H/d es, = fundamental deviation d Cy min =—€Sy

H/e es, = fundamental deviation e Cy min =65y

H/f es, = fundamental deviation f Cy min =65y

H/h es, = fundamental deviationh =0 Cy min =—€Sy =0

Maximum effective interference

H/js es, = fundamental deviation js Cy min =—€Sy =—(T+A),/2
H/k es, =(T+A) Cy min =—€S, =—(T+A1)

© IS0 2021 - All rights reserved
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Table 5 — Fundamental deviation es,

Fundamental deviation es,
Pitch diameter pm
D at pitch diameter D
Relative to
mm Relative to basic circular tooth thickness S for externals basic circular space width E
for internals
For
e f h js k H
<3 =26 =14 =6 V) 6
>3to b -30 -20 -10 0 0
>6to 10 -40 -25 -13 0 0
>10to 18 -50 -32 -16 0 0
> 18 to $0 -65 -40 =20 0 0
>30to $0 -80 -50 -25 0 0
>50to 80 -100 -60 -30 0 0
>80 to 120 -120 =72 -36 0 A b 0
>120to 180 -145 -85 -43 0 0
> 180 to 250 -170 -100 -50 0 0
> 250 to B15 -190 -110 -56 0 0
> 315 to 400 -210 -125 -62 0 0
> 400 to $00 -230 -135 -68 0 0
> 500 to $30 -260 -145 -76 0 0
> 630 to 800 -290 -160 -80 0 0
> 800 to 1J000 -320 -170 -86 0 0
a (T +A)/R relative to tolerance class considered; for(T,+ A, see 9.1.
b +(T+ A) gelative to tolerance class considered; for '+ A, see 9.1.
9 Space|width and tooth thickness tolerances
9.1 Total tolerance T + A
This document includes four classes of total tolerance (T + A) on space width and tooth thickness| The
tolerance clpsses are indicated in Table 6 incorporating tolerance units (i).
Table 6 — Total space width and tooth thickness tolerance (T+A)
Spline tolerance class Total tolerance (T + A)
pm
4 T+2A=(10-i§ +40-i;)
5 T+A=(16:iy+64-i )
6 T+A=(25-i;+100-i;)
7 T+;t=(40-id+160-iE)
where
i;=0,45-ID+0,001-D for D <500 mm 1)

26
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iy =0,004-D+2,1 for D> 500 mm (2)

i =0,45-3/E (or $)+0,001-E (or S) (3)

9.2 Deviation allowance, A

The deviation allowance, being the accumulation of the total pitch deviation, total profile deviation and
total helix deviation, has an effect on the effective fit of an involute spline. The effect of these individual
spline deviations on the fit is less than their total, because areas of more than minimum clearance can
havq form, helix, or pitch deviations without changing the fit. It is also unlikely that thes¢ deviations
would occur in their maximum amounts simultaneously on the same spline. For this reaser, total pitch
deviption, profile deviation and total helix deviation are added together statisticallyjand 60 % of this
tota] is taken to determine the effect that these deviations have on the spline fit, On this basis, the
deviption allowance is calculated as follows:

&:0,6,/@2+F;+F; (4)

NOTE Adding the values of the single deviations when they are indiyidually rounded to a micfometer, this
can fesult in a difference of one micrometer to those expressed in Tablés A71 to A.4.

In 913 to 9.5, the values of F, F, and Fg are referenced to_the ‘datum of the effective splipe axis. See
ISO $156-3.

9.3 | Total pitch deviation, F,

The [total pitch deviation is the cumulative pit¢h deviation between the two greatest opposite pitch
deviptions over circumference. The formulaé-given in Table 7 are used to calculate the| total pitch
deviption F,, expressed in micrometres.

Table 7 — Total pitch deviation

Spline tolerance class Total pitch deviation
Fy
pum
4 F,=2,51+6,3
5 F,=3,55-VL+9
6 F,=5~/L+12,5
7 F,=7,11+18

L is the length of the arc, in millimetres:

L=m-z-m/2 (5)

9.4 Total profile deviation, F,

The total profile deviation is the absolute value of the difference between the greatest positive and
negative deviations from the theoretical tooth profile, measured normal to the flanks. A positive
deviation is in the direction of the 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.
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Table 8 — Total profile deviation

Spline tolerance class Total profile deviation
FO(
pum
4 F,=1,6-¢,+10
5 F,=2,5¢,+16
6 F, =4 +25
7 F,=6,3-¢0; +40

brance factor:

¢ =m+0,012 5-m-z

The permisssible positive deviation on external splines and the negative deviatien on internal sp
from the dgsign profile within the central one-third of the flank depth to the-form diameter shal
exceed one{third of the calculated values. See Figure 17.

eV

il

3
I

i
£

(6)

ines
| not

1
Key
1  space (ipternal)
2 tooth (external)
3 referende profile
4  positive|profile deviation
5 negativeprofitedeviation
6  centre third

Figure 17 — Profile deviations

9.5 Total helix deviation, FB

The total helix deviation is the absolute value of the difference between the two extreme deviations
from the theoretical direction, measured normal to the flank for the full length of spline. The formulae

given in Table 9 are used to calculate the total helix deviation Fj, expressed in micrometres.

28
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Table 9 — Total helix deviation

9.6

The
the

toler
requ

9.7
If T,

9.8

9.8.

It is

Figure 18 and Table 10).

9.8.1

Itis

Figure 18 and Tdkle 10).

1 Minimum material

Spline tolerance class Total helix deviation
Fg
pum
4 Fy=0,8-Vb+4
6 F,=1,25/b+6,3
7 Fy=2b+10
b  isthe spline length, in millimetres.

Machining tolerance, T

machining tolerance (T) is derived from the difference between the total tolerance
Heviation allowance A, i.e. (T + A) — A. The division of total clags“tolerance between
ance and deviation allowance outlined in Clause 6 is recommended for general guida
irements or specific processes utilized for spline manufacture may require a different

[=(T+A)-A

Effective clearance tolerance, T,

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

Use of effective and actual dimensions for space width and tooth thicknes;

limited by maximum actuwal*space width E_,, and minimum actual tooth thickne

. Maximum matérial (minimum effective clearance)

imited by minimhtim effective space width E|, ;, and maximum effective tooth thicknes

min

9.8.]

8 Maximum effective clearance

It is

(T + A) and
machining

nce. Design

Hivision.

(7)

S Siuin (see

S S, max (S€€

kness S,

limited by maximum effective space width E, ., and minimum effective tooth thic

v min

(see

rigure 1o and I1dble 1U]J. IT IU IS necessary to control the errective tolerance bpand, the

inspection is required.
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1 1
E a —_—A PR NE— E a
max A max
1
=~ b ’ b
[ Ev max [ Ev max
B
min E? F?
<
d vy \ d \ d
v min v min v min
e e €
Sv max A A “'vmax [ SV max
~ | |
f ' B~ B
Sn ax A
Y g \ 8
e~ v min —— v min
2
s| b s "
min —_— —_— min
2 2
a) Jtandard method b) Alternative method-A c) Alternative method B
Key
internal space width
external tooth thickness
3 E| .xis thp maximum actual tolerance limit.
b E, Lax IS the maximum effective tolerance limit.
¢ Einis th¢ minimum actual auxiliary.
d E, inis tIe minimum effective tolerance limit.
€ S, max is the maximum effective tolerance limit.
£ S, ax is th¢ maximum actual auxiliary.
8 S, min IS the minimum effective tolerarice limit.
b S i is thg minimum actual tolératice limit.
Figure 18 — Graphicaldisplay of space width and tooth thickness tolerance zones according to
inspection methods
Table 10 — Relationship between parameters and control method
Minimum material |Minimum effective clearance | Maximum effective 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

30
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10 Minor and major diameters

10.1 Tolerances

See Table 11.

ISO 4156-1:2021(E)

Table 11 — Tolerances for minor diameter internal spline, D;;

and for ma}'nr diameter external cplinn’ D
ee

D gmeter Tolerances on D;; Tolerances onDy¢
ii min pwm um.
) or for modules m for modules m
ee max
mm m<0,75 0,75<m<2 mz2 m<0,75 0,75<m<2 mz=2
H10 H11 H12 h10 h11 h12
<3 +40 0
0 -40
+48 +75 0 0
>3to6 0 0 128 -75
+58 +90 0 0
> 6to 10 0 0 -58 -90
+70 +110 +180 0 0 0
>10to 18 0 0 0 -70 -110 -180
+84 +130 +210 0 0 0
>18to 30 0 0 0 -84 -130 =210
+100 +160 +250 0 0 0
>30to 50 0 0 0 -100 -160 -250
+120 +190 +300 0 0 0
> 50 to 80 0 0 0 -120 -190 -300
+220 +350 0 0
3 80 to 120 0 0 -220 -350
> 120 to 180 250 0 250 400
> 180 to 250 +4060 —4060
> P50 to 315 +5020 —5020
> 31540400 +5070 —5070
> 400 to 500 o —6030
> 500 to 630 +7(§)0 —7%0
> 630 to 800 +8000 —8000
>800to 1000 +9000 —9000
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10.2 Adjustment to minor diameters (D,.), form diameters (D) 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 Radij

External splines may be produced by generating with a pinion-type shaper cutter or a hob, or bylcu

with a no-

also made By cold forming, and in these cases are usually of the fillet root design. Internal spline

usually pr

full-tip radi
characteris
and the pro
point wherg
diameter ci
tangent to

The values

as the minium fillet radius. These values are based on the filletiradius shown on the basic rack pro

For cutting
tool design

Ircle, and a rapidly increasing radius of curvature up to the point where the fillet becd

nerating motion using a tool formed to the contour of a tooth space. External‘splines

uced by broaching, by form cutting, or by generating with a shaper cutfer. Even
s tools are used, each of these cutting methods produces a fillet contdur‘with indivi
Lics. Generated spline fillets are curves related to the prolate epicycloidfor external sp
ate hypocycloid for internal splines. These fillets have a minimum radius of curvature
the fillet is tangent to the external spline minor diameter circleorthe internal spline

he involute profile.

n Table 12 may be used as minimum radii of curvature.for stress calculations and spec

of internal and external splines by generating, witlrthe same pinion-type shaper cuttel
hall be made according to the dimensions of theinternal splines to be obtained.

Table 12 — Minimum root radius.of internal or external splines

1

ting
are
5 are
rhen
dual
ines
the
jor
mes

ified
files.
- the

ap

flaft root

Minimum root radius
mm
for

=30° ap = 30° ap = 37,5° ap = 45°

filletyoot

0

2m 0,4 m 0,3m 0,25 m

11.2 Profille shifts

In the mar
conforming
position tou
parts of the
The amoun

ufacture of¢external splines with a standard fundamental deviation, standard cu
to the basicrack can be used by shifting the basic rack reference line radially frox
ching the.spline pitch circle. The spline tooth profiles remain as involutes; merely diffe
samesinvolutes, lying further inward or outward with respect to the pitch circle, are
of this radial displacement is equivalent to 0,5 es,, /tano, .

'ters
n its
rent
1sed.

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

=D

ee e

32

ee max"*

e max [(Smin /D)+inVOtD _invaDee]
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where

S

is the tip thickness;

ee

@pe. 1s the pressure angle at the maximum major diameter,

Dy,

COSOCDee =

€e max

1:2021(E)

9

b)

11.3

11.3

The

axis
docu
requ

11.3

If th
S ne
effeq
misd

nvoy, =tanop —oyg, - /180
nvoy,, =tanog,, —op..-7/180

[Undercut fillet at the root circle (interference)

When a fit with looseness is selected, generating tools may produce Gndercut fillets on {
kpline. Calculation using the appropriate tool data should be uniade to establish th
pbr absence of undercutting and, if it exists, further calculations.or a layout are then
Hetermine whether the degree of undercutting is acceptable

[.ow tooth numbers and pressure angles introduce thé«isk of undercutting, which
basic rack generation when

hg +0,5-AD,,) > 0,5-D - sin® oy

} Eccentricity and misalignment

.1 Eccentricity

design assembly can make it necessary to apply a tolerance to the position of the effe
and the functional axis ofthe part. To facilitate this, symbols from ISO 1101 shall be

irements.

.2 Misalignment

cessary fo,increase the minimum effective clearance. This shall be accomplished by r
tive andactual tooth thickness of the external spline by an amount which is sufficient
lignedsplines to assemble.

(10)

(11)

he external

le presence
required to

ccurs with

(12)

ctive spline
used. This

ment does not recommend any values, but they shall instead be defined according to the assembly

e assembly. requires looseness or interference and the axis of the mating splines are mjisaligned, it

educing the
to allow the

11.3.3 Major and minor diameters

The eccentricity of major and minor diameters does 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 is necessary to reduce the major diameter of the external spline or increase the minor
diameter of the internal spline.

12 Spline data

12.1 Basic dimensions

Spline data is used for engineering and manufacturing purposes.
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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 spline.

12.3 Designation

The mating|parts of straight cylindrical involute splines (metric modules, side fit) shall be designated in
the followirng order:

Internal spliine INT

External sp|ine EXT

Mating splihes INT/EXT

Number of feeth z (preceded by the number)

Module m (preceded by the value)

Pressure arjgle 30° flat root 30P

Pressure arjgle 30° filletroot 30R

Pressure arlgle 37,5° 375

Pressure arlgle 45° 45

Tolerance classes 4,5,6,7

Fit class, infernal 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 242 % 2,5m x 30R x 5H/5fISO 4156

Internal sgline:INT 24z x 2,5m x 30R x 5H ISO 4156

External spline: EXT 24z x 2,5m x 30R x 5f1SO 4156

12.4 Drawing data

It is important that uniform specifications be used to show complete information on detail drawings of
splines. Much misunderstanding can 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. Annex A provides a guide for the calculation of drawing data
for all spline fit classes.
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Figure 19 — Internal and external spline drawing dimensions

Table 13 — Spline terms and symbols

Internal spline ISO 4156

External spline ISO 4156

Desjgnation see12.3 Designation see 12.3
Number of teeth z . Number of teeth z .
Module m . Module m .
Pregsure angle ap XX Pressure angle ap XXe
Pitch diameter D XX, XXXX2 Pitch diameter D XX, XXXXx2
Bas¢ diameter Dy XX, XXXX a Base diameter Dy XX, XXXX 2
Maj¢r diameter D XX, XX max. Major diameter D.. XX, XX hJ.
Fortp diameter Dp; XX, XX min. Form diameter D, XX, XX mfax.
Mingpr diameter Dj; XX, XX H... Minor diameter D;, XX, XX mfin.
Spag¢e width b Tooth thickness P
pax. actual E .« XX, XXX max. effective Sy max XX, XXX

ax. effective E, max XX, XXX max. actual Smax XX, XXX qux.

in. actual E in XX, XXX aux. min. effective Sy min XX, XXX

in. effective E} min XX, XXX min. actual Sinin XX, XXX
Meaurement between My; XX, XXX max. 2 Measurement over balls My, XX, XXX ax. aux. 2
balls-efpins SF-PHAS
Measurement between My; XX, XXX min. aux.2 |Measurementover balls Mg, XX, XXX min. 2
balls or pins or pins
Ball or pin diameter  Dg; X, XXX Ball or pin diameter Dy, X, XXX

Fillet radius

See Table 12

Fillet radius

See Table 12

b See9.8.

a  (Calculated dimensions.
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Annex A
(informative)

Drawing data example calculations

A.1 General

ISO 4156-2|provides drawing data for spline fit class H/h. The example calculations in A.2 t6A.6 are
provided tolshow how this data is calculated, and also to provide a guide for the calculationof-draying
data for the|non-tabulated spline fit classes.

A.2 INT 25zx 1,0 m x 30P x 5H - ISO 4156

NOTE1 Upless otherwise stated, all formulae are provided in Table 1.

Number of feeth z=25

Module m=1,0

Pressure arlgle o, =30°

Pitch diamdter D=m-z=1,0-25=25,000,0

Base diameter Dy, =m-z-cosoy, =1,0:25-cos(30°)=21,650 635 09=21,650 6
Minimum nmajor diameter (flat root) not tabulated but necessary for calculating maximum major diameter

Maximum 1

From 9.1

hajor diameter

D

ei min

D

eimax"

—mi-(z+1,5)=1,0-(25+1,5)=26,50
D

ei min

+(T+A)/tanoy,
class 7 (T+A4)=40-i, +160-i,
i,=0,45-3/D+0,001-D=0,45-325,0+0,001-25,0=1,340 8

iy =0,45YE +0,001-E
E=0,5n1-m=0,5n1,0=1,571

I =0,45-3/1,571+0,001-1,571=0,524 7

Form diameter

Minor diam

36

eter

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

D

ei max

=26,50+0,138/tan(30°)=26,74

Dgi 1min :m~(z+1)+2-cF

¢z =0,11,0=0,1
D

Fi min

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

Dyj pmin =D,

Fe max +2'CF
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_O,S-esv ’
2 _ °  tanop
Dgg max =2- (0,5-D,)" +| 0,5-D-sinoy, — —
From Table 2 hS =0,6-m=0,6-1,0=0,6
From Table 5 es, =0 (see Table 1, NOTE 2)
| — 0,50 Y
Dge 4o =2-/(0,5-21,650 64)2+ 0,5-25,0-51n(30°)—%(§03)(m
Dge f1ax =23,89
Dy .|, =23,89+2:0,1=24,09
D; 424,09 H11 (+0,130/0)
Minjmum effective space width  E, . =0,5-1t-m=0,57-1,0
E, nin=1,571
Maxjmum actual space width E o =Ey min T(TH2)
Frorh 9.1 class 5 (T+A)z16-iy +64-ig
Frorh above formula iy =1,3408%and i; =0,5247
T+4+16-1,340 8+64-0,524 7=55,03 um=0,055 mm
E o =1,571+0,055=1,626
Minijmum actual space width Ein =Ey min T4
NOTE2 A can be calculated from total pitch deviation (F) total profile deviation (F,) and total he
(FB)' see 9.2; or else can.be-obtained from Table A.1.
Tota]l pitch deviation E, =3,55-VL+9 (formula from Table 7)
whefe

L=m~z~g=1,0-25-§=39,269 908 17

F =3,55-4/39,269 908 17 +9=31,25 um=0,031 mm

Tota

1 profile deviation F,=2,5¢;+16 (formula from Table 8)

where ¢ =m+0,012 5-m-z=1,0+0,012 5-1,0-25=1,312 50

Tota

F,=2,51,312 50+16=19,28 um=0,019 mm

L helix deviation Fy =Jb+5 (formula from Table 9)

where b is the length of spline (assumed to be one half of the pitch diameter)

b:2:2—5:12,50
2 2
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FB =+/12,50+5=8,54 ym=0,009 mm

Deviation allowance 1=0 6. |F2 +F2 +FBZ
) p (x

/1=0,6-\/0,0312+0,o192+0,0092
2=0,022

E ., =1,571+0,022=1,593

Maximum effeetive Space width Evmax _Emax #
E, nax =1,626-0,022=1,604
Measuring ball or pin diameter Dy; (formulae taken from ISO 4156-3)
Spgi =E-cooqy +Dy -invey,
where invoy, =tanog, — aD-Z—n =tan(30°)— 30°’~2.—7c =0,053-75
360° 360°
SpEi :1,571-cos(30°)+21,650 64-0,053 75=2,524 25
D -tana, 21,650 64-tan(30°
I =D an(30%) _¢ 250 g0
2 2
D, -tan| an +inve, _DEi
b D D D,
lgoi= 2
2: 2,524 2 °
21,650 64 - tan{(30°-—no+0,053 75—21'5 - > )-3260 }
o = 360 ,650 64 | 2.1 5,373 62
2
Calculated Dy =2{Igp —Igo i )=2-(6,250-5,373 62)=1,752 76
from ISO 3 R40 no. series D,y=1,800
Maximum rheasurement betwéen balls or pins My; .., (formulae taken from ISO 4156-3)
from abovelformula Dg;=1,800
: E (. Dg;
invey =—+| inveoyy —
D D,
E=E_,. =1,626
inve, = 1,626 +| 0,053 75—ﬂ =0,035 651 58
,000 21,650 64
o, =26,403 30°
for odd numbers of teeth 90°
D, -cos
_ z
MRi max = cosa, —Dy
21,650 64~cos(905 )
My, = -1,800=22,324
Rimax = ¢65(26,403 30°)
38 © IS0 2021 - All rights reserved
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Minimum measurement between balls or pins My; i,

Fille

A3

E=E,_; =1,593

inva, =223 40,053 75-— 289014 034 331 58
5,000 21,650 64

0, =26,092 26°

21,650 64~COS(90 j
25

1:2021(E)

TRImin T 006(26,092 26°)

t radius Pr; =0,2 m (formula from Table 2)

Pg;=0,2:1,0=0,2

INT 25z x 1,0 m x 30R x 7H - ISO 4156

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

NOTE1  Unless otherwise stated all formulae are provided in TahleA.

Nuniber of teeth z=25

Module m=1,0

Pregsure angle op = 30°

Pitch diameter D=m-z=1;0-25=25,000 0

Basq diameter Dy=m-z-cosoyy =1,0-25-cos(30°)=21,650 635 09=21,65

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

n and hence

) 6

or diameter

Dy in=m-(z+1,8)=1,0-(25+1,8) =26,80
Maxjmum major diameter Dy max =Pei min H(T+A)/tanay,
From 9.1 class 7 (T+4)=40-i;+160-i;
Iy =0,45-%+0,001'D=0,45-§/ﬁ+0,001-25,0=1,340 8
iy =0,45YE +0,001-E
E=0,5-1t-m=0,57-1,0=1,571
iy =0,45-%1,571+0,001-1,571=0,524 7
T+A=40-1,340 8+160-0,524 7=137,584 um=0,138 mm
Dy 1y =26,80+0,138/tan (30°)=27,04
Form diameter Dgi nin =M (2+1)+2-¢;

¢z =0,1-1,0=0,1
D

Fi min

=1,0-(25+1)+2-0,1=26,20
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Minor diameter Dy in =Dre max T2°Cp
2
_0,5~esv
2 , ° tanogp
Dgg max =2+ [(0,5-D,)" +| 0,5-D-sin oy, — Sinay
From Table 2 hS =0,6-m=0,6-1,0=0,6
From Table5 es—=0—{seeTable 1 -NOTE2}
~=a V )
050 Y
2 ) "~ tan(30°)
=2-1/(0,5-21,650 64)" +| 0,5-25,0-sin(30°
Fe max ( ) ( ) Sil’l(30°)

D

Fe max

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

=23,89
Dii min

D;=24,09 H11 (+0,130/0)

Minimum effective space width  E, . =0,51-m=0,57-1,0
E, in=1,571

Maximum dctual space width E ox=Ey min H(T+A)

From abovd formula class 7 (T+A)=05138

E .. =1,571%0,138=1,709
+A

Minimum aftual space width E in 3E min

NOTE2  Afcan be calculated from togahpitch deviation (F,) total profile deviation (F,) and total helix deviation
(FB)' see 9.2;lor A can be obtained from'Fable A.1.

Total pitch gleviation F, =7,1+/L+18 (formula from Table 7)

where L:m-z~§=1,0~25~§=39,269 908 17

Fp =7,1-4/39,269 908 17 +18=62,49 um=0,062 mm

Total profil¢ déviation F_ =6,3-¢. +40 (formula from Table 8)

where ¢, =m+0,012 5-m-z=1,0+0,012 5-1,0-25=1,312 50
F,=6,3-1,312 50+40=48,27 um=0,048 mm
Total helix deviation Fy =2vb+10  (formula from Table 9)

where b is the length of spline (assumed to be 25,0 mm)

FB =2:4/25,0+10=20,00 um=0,020 mm

Deviation allowance A=0 6 /Fz +F2 +F[52
) p a
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/‘L=O,6-\/0,0622 +0,0482% +0,0202
A=0,049

E_. =1,571+0,049=1,620
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Maximum effective space width E, _ =E__ -4
E, max =1,709-0,049=1,660
Measuring ball or pin diameter Dy; (formulae taken from ISO 4156-3)
Spg | =E-cosap +Dy -invoy,
where invey, =tanoy - oy = |=tan(30°)~{ 30> =" )=0,053 75
360° 360°
Spgi =1,571-c0s(30°)+21,650 64-0,053 75=2,524 25
D -tanoa, 21,650 64-tan(30°
o =———2 = 39%) 6,250 00
2 2
D, -tan| oy +inve, _bEi
b D D D,
lgoi = 2
21,650 64-tan[(30°-2'—“0+0,053 75 2'5254 25 }360 }
g = 360 21,650 64 ) 2 -5.373 |62
2
Calcplated DRi:Z-(IBA _1301)22’(6'250_5'373 62)=1,752 76
from ISO 3 R40 no. series Dp; =1,800
Maxjmum measurement between balls or pins M; ..., (formulae taken from ISO 4156-3)
from above formula Dr;=1,800
. E [. Dg;
invey =—+| invoy, —
D Dy,
E=E_ .. =1,709
1,7 1
invey =— 09 +| 0, __ 1,800 =0,038 971 58
, 21,650 64
o, =27,150 21°
for odd numbers of teeth 90°
D, -cos
_ z
MRi max cosa, _DRi

[e]

21,650 64~cos[90
M

Rimax = 45(27,150 21°)
Minimum measurement between balls or pins My; i,

E=E_. =1,620

© IS0 2021 - All rights reserved
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. 1,620 1,800
inve, = +| 0,

75————  |=0,035 411 58
25,000

21,650 64
o;=26,347 37°

o

21,650 64-cos(90

)
L= -1,800=22,313
P c0s(26,347 37°)

Fillet radius Pg; =0,4m (formula from Table 2)

My

Pp=0,41,0=0,4

A4 EXT[R5zx 1,0 m x 30P x 4h - ISO 4156

NOTE1  Upless otherwise stated all formulae are provided in Table 1.

Number of feeth z=25
Module m=1,0
Pressure arlgle oy =30°
Pitch diamdter D=m-z=1,0-25=25,000 0
Base diameter Db =m-z-cosay, =1,0-25-c0s(30°)=21,650 635 09=21,650 6
Major diamgter D, :m‘(z+1)+es—v

X tah o,
From Table[5 es, =0

Do max =1,0-(25+1)+L:26,00
tan(30°)

D.(=226,00 h11(0/-0,130)

Form diamgter 0,5'esv 2
2 _ s tanor,
Dgg max =27 [(0,5-D )" +| 0,5-D-sinoy, - Sina
From Table|2 hS =0,6-m=0,6-1,0=0,6
From Table'5 es;=6
_ 050 Y
2 ) "~ tan(30°)
D =2-1(0,5-21,650 64)" +| 0,5-25,0-sin(30°
Fe max ( ) ( ) sin(30°)
Die max =23,89

Maximum minor diameter (flat root) — not tabulated but necessary for calculating minimum minor
diameter.
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es 0
D. =m-(z-1,5)+———=1,0-(25-1,5)+——=23,50
e max =" ( ) tan oy, ( ) tan(30°)
Minimum minor diameter _ (T+A)
1€ min 1€ max tan aD
From 9.1 class 7 (T+1)=40-i; +160i

i;=0,45-3D+0,001-D=0,45-3/25,0+0,001-25,0=1,340 8

iy =0,35YE TU,00TE
E=0,5-t-m=0,57-1,0=1,571
iy =0,45-3/1,571+0,0011,571=0,524 7
T+A4=40-1,340 8+160-0,524 7=137,584 um=0,138 mm
D, | :23,50—%:23,26
Max|mum effective tooth thickness S, - =S+es,
$=0,5-t-m=0,5-7-1,0=1,571
Sy mhx =1,571+0=1,571
Minjmum actual tooth thickness S _. =S . —(TtZX)
Frorh 9.1 class 4 (T+A4)=10-i;+40-i;
fron} above formula i3=1,340 8 and i; =0,524 7
T4A=10-1,340 8+40-0,524 7=34,396 um=0,034 mm
Sin =1,571-0,034=1,537
Maxjmum actual tooth thickness S =S . -4
NOTE2 A can be caleculated from total pitch deviation (F)) total profile deviation (F,) and total he
(FB)' see 9.2; or A canvbe-ebtained from Table A.1.
Tota]l pitch deviation F,=2,5/L+6,3 (formula from Table 7)
where L=m~z~§=1,0-25~§=39,269 908 17
T =25/39,269 908 17+6,3=21,97 im=0,022 mm
total profile deviation F,=1,6-¢;+10 (formula from Table 8)
where ¢ =m+0,012 5-m-z=1,0+0,012 5-1,0-25=1,312 50
Total helix deviation Fy =0,8Vb+4 (formula from Table 9)
where b is the length of spline (assume to be one half of the pitch diameter)

b=2=2—5=12,50
2 2
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FB =0,8-4/12,50+4=6,83 um=0,007 mm

Deviation allowance 1=0 6. |F2 +F2 +FBZ
) p (x

A:o,e-\/0,0222+0,0122+0,0072

A=0,016

S oy =1,571-0,016=1,555

=5——+#
vmin =~ “min ' 7"

=1,537+0,016=1,553

L] £ i 4+ VS S N | C
Minimum effeetivetooththicknessS

vV min

Measuring ball or pin diameter Dy, (formulae taken from ISO 4156-3)

Spg e =P, —(S-cosap +D, -invory )

where p, =m-m-cos oy, =1,0-m-cos(30°)=2,720 70
and invoy, =tanog, —| oy T =tan(30°)- 30"~2.—7c =0,053 75
360° 360°

Spg e =2,720 70—(1,571-cos(30°)+21,650 64-0,053 75)=0,196 45

_ D, -tanoy, _ 21,650-64-tan(30°)

1 =6,250 00
BA 2 2

s
D, -tan(ocD +invay, —&)
D

_ b
IBOG - 2
21,650 64~tan[(30°~%+0,053 75—201'1695604654 )-3260 }
’ ‘U]
lgoe= > =7,192 20
Calculated D=2 (Igo o ~Iga )=2(7,192 20-6,250 00)=1,884 40
from ISO 3 R40 no. series Dpe =1,900

Maximum rheasurement.gver balls or pins Mg, . (formulae taken from ISO 4156-3)

from abovelformula Dpe =1,900

. S . DRe T
anOCe =B+ 11’1VO!D+ D -

W V4
§=S, . =1,555
invo, =222 10,053 754- 1200 T ) 478 043 51
25,000 21,650 64 25

o, =33,609 83°

o

for odd numbers of teeth

Db -COS

M = Z 4D
Re max COSO!e Re
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o

21,650 64-cos(90

> ]+1,900:27,84-5

M =
Remax = +55(33,609 83°)

Minimum measurement between balls or pins My, in

§=S_ . =1,537

1:2021(E)

inver, =237 (0,053 7541200 T 14 477 323 51
25,000 21,650 64 25
o, =33,516 11°
21,650 64-cos(90 ]
M, . = +1,900=27,817
Remin = 45(33,516 11°)
Fillef radius Pre =0,2:m (formula from Table 2)
Pre =0,2-1,0=0,2
A.5| EXT 25z x 1,0 m x 30R x 6e - ISO 4156
NOTE1  Unless otherwise stated all formulae are provided inTable 1.
Nuniber of teeth z=25
Module m=1,0
Pregsure angle o =30°
Pitch diameter D=mi{z=1,0-25=25,000 0
Basq diameter Dy =m-z-cosoyy =1,0-25-cos(30°)=21,650 635 09=21,65( 6
Majqr diameter es,
Do ax :m-(z+1)+tanaD
Fror Clause 10, adjustiment is made to the major, form and minor diameters for fundamental|deviation e.
So, from Table 5 es, =—0,040
-0,040
D =1,0-(25+1)+| ——— |=25,930 7
€e max ( ) (tan(Boo)j
D _—2593h11(0/-0 130)
ee 4 T 4 7
Form diameter 0,5-es, 2
2 . tanoy,
Dy max =2 [(0,5-Dy, )" +| 0,5-D-sinay, - —
From Table 2 hS =0,6-m=0,6-1,0=0,6
From Table 5 es, =—0,040

© IS0 2021 - All rights reserved
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5 0:5(-0,040) 3

2 . tan(30°)

D =2-((0,5-21,650 64)" +| 0,5-25,0-sin(30°

Fe max ( ) ( ) sin(30°)

DFe max =23,83

Maximum minor diameter (fillet root) — not tabulated but necessary for calculating minimum minor

diameter.

es
Lo max =M(2—1,8)+———=1,0-(25-1,8)+(-0,069)=23,13
tanoy,

Minimum njinor diameter (T+A)

ie min ~ “ie max — tan oy,

From 9.1 class 7 (T+A)=40-i; +160-i;
i;=0,45-YD+0,001-D=0,45-325,0+0,004-25,0=1,340 8
iy =0,45-YE +0,001-E
E=0,5-1t-m=0,57-1,0=1,571
g =0,45-31,571+0,001-1,571=0,524 7
T+A=40-1,340 8+160:0,524 7=137,584 um=0,138 mm

0,138
D.. . =23,13-22"—"—"_=22,89
1e min tan (300)

Maximum effective tooth thickness S, . =Stes,
S§=035n-m=0,5-7-1,0=1,571
Symax =1,571+(-0,040)=1,531

Minimum aftual tooth thickness’ S . =S . —(T+A4)

From 9.1 class 6 (T+4)=25-i4+100i

from abovelformula ij=1,340 8 and i; =0,524 7
T+A=25-1,340 8+100-0,524 7=85,990 um=0,086 mm

Maximum actual tooth thickness SmaX =S

O min —1,291-U,U60=1,445
A

vmax

NOTE 2  Acan be calculated from total pitch deviation (F) total profile deviation (F,) and total helix deviation
(Fp), see 9.2; or A can be obtained from Table A.1.

Total pitch deviation F, =5+/L+12,5 (formula from Table 7)

where

46

L=m-z-g=1,0-25~g=39,269 908 17

Fp =5-4/39,269 908 17+12,5=43,83 um=0,044 mm
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Total profile deviation F,=4¢:+25 (formula from Table 8)
where ¢ =m+0,012 5-m-z=1,0+0,012 5-1,0-25=1,312 50
F,=4-1,312 50+25=30,25 um=0,030 mm

Total helix deviation Fy =1,25+b+6,3  (formula from Table 9)
where b is the length of spline (assumed to be one half of the pitch diameter)
H= b_25 =12-50
2 2

FB =1,25-4/12,50+46,3=10,72 um=0,011 mm

Deviation allowance A=0 6 [F2 L2 +FBZ
) p a

2=0,6-4/0,0442 +0,0302 +0,0112

2=0,033
S,ax =1,531-0,033=1,498

Minimum effective tooth thickness S, . =S .. +A

S . =1,445+0,033=1,478

vV min

Meapuring ball or pin diameter Dy, (formulae taken f¥om ISO 4156-3)

Spg 4 =P, —(S-cosapy + D, -invay, )

where pp, =m-m-cosoy, =1,0:71-Cos(30°)=2,720 70
and invoy, =tanoy (e~ |=tan(30°)~ 30> =" )=0,053 75
360° 360°
SDEe=2,720 70—(1,571-cos(30°)+21,650 64-0,053 75)=0,196 45
D) -tanoy, 21,650 64-tan(30°
G Do an(30%) _¢ 250 00
2 2
. SDE e
Db~tan o tinvoy, —D—
1 _ b
BOe ™
21,650 64- tan”30° +0 053 75+ 0,196 45 1360
£ 360 21650641275
oo~ . =7,192 20
Calculated Dpo =2-(Igo o ~lpp )=2-(7,192 20~6,250 00)=1,884 40
from ISO 3 R40 no. series Dp.=1,900

Maximum measurement over balls or pins Mg, . (formulae taken from ISO 4156-3)

from above formula Dpe =1,900

. S . DRe T
II’IVOCe =B+ anO(D + D —;
b
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for odd numbers of teeth

+(0,053 754 900 1):0,075 763 51

21,650 64 25

o, =33,310 74°

o

Db~cos
_ z
MRe max COSO!e +DRe
21,650 64-cos( 9(;5 J
M, +1,900=27,756

Remax ™ ¢05(33,310 74°)

Minimum njeasurement over balls or pins My, .in

Fillet radius

S=S_. =1,445

ll’lVOCe =

LS (0053 7542200 _ W 073 643 51
21,650 64 25

o, =33,026 41°

o

21,650 641:05( 20

My, . = )+1,900:27,672
Remin = +,5(33,026 41°)
Pp.=0,4- m (formula from Table 2)

Pp.=0,4:1,0=0,4

A.6 EXT[25z x 1,0 m x 30P x 5js - ISO' 4156

NOTE1  Upless otherwise stated all forfiulae are provided in Table 1.

Number of feeth
Module
Pressure arjgle
Pitch diamdter

Base diamefer

o =30°
D=m-z=1,0-25=25,000 0

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

Major diameter

From Clause 10, no adjustment is applied to the major diameter, but adjustment is applied to the form

€SV

D =m-(z+1)+
€ee max
tano,

and minor diameters for fundamental deviation js.

So,

48

es,

\% :0
tanocD
D,. . =1,0-(25+1)+0=26,00

D,.=26,00 h11(0/-0,130)
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Form diameter 0,5~e5v 2
2 _ s tanoy,
Dgg max =2+ (0,5-D,)" +| 0,5-D-sinoy, — —
From Table 2 hS =0,6-m=0,6-1,0=0,6
From Table 5, Footnote 2 T+
es, =———
2
From 9.1 class 5 (T+A)=16-ij +64-ig

i;=0,45/D+0,001-D=0,45-3/25,0+0,001-25,0=1,340 8
iy =0,45YE +0,001-E

E=0,571:m=0,5m-1,0=1,571

iy =0,45-3/1,571+0,0011,571=0,524 7

T+A=161,340 8+64-0,524 755,03 pum=0,055 mm

es, :w:0,0ZS
2
. 0.50,028 Y
2 _ tan(30°)
D, =2- 1(0,5-21,650 64)" +| 0,5-25,0-sin(30%9)————— | =23,93
Fe max ( ) ( ) Sil’l(30°)

Maxjmum minor diameter (flat root} =~ not tabulated but necessary for calculating minimum minor
diameter.

es
DL =m(z-15) Y =1,0.(25-1,5)+ 2223 __33 55
tan o, tan(30°)
Min|minor diameter B (T+A)
1€ min 1€ max tanOCD
From 9.1 class 7 (T+4)=40-i; +160ig
from aboveformula i;=1,340 8 and i =0,524 7

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

0,138
D . =2355————
1€ min tan(300)

Maximum effective tooth thickness SV = S+ es,

=23,31

§$=0,5-tm=0,5r1,0=1,571

S, may =1,571+0,028=1,599
Minimum actual tooth thickness S_. =S . —(T+A4)
from above formula class 5 (T+1)=0,055
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Maximum actual tooth thickness SmaX =S

NOTE2 A can be calculated from total pitch deviation (F,) total profile deviation (F,) and total helix deviation

S,in =1,599-0,055=1,544
p)

vmax

(Fp), see 9.2, or A can be obtained from Table A.1.

Total pitch deviation F,=3,55VL+9 (formula from Table 7)

where

L:m~z~§:1,0-25~§:39,269 908 17

Fp =3,55-4/39,269 908 17 +9=31,25 um=0,031 mm

Total profil¢ deviation F,=2,5¢¢+16 (formula from Table 8)

where

¢ =m+0,012 5-m-z=1,0+0,012 5-1,0-25=1,312 50

F,=2,51,312 50+16=19,28 um=0,019 mm

Total helix dleviation Fy =Vb+5 (formula from Table 9)

where

Deviation a

Minimum ef

Measuring

SpEe —Pp~

where

b is the length of spline (assumed to be one half of the pitch diameter)

b=2=2—5=12,50
2 2

FB =+12,50+5=8,54 um=0,009 mm

lowance —0F |F2am2 1 F52
1=0,6 JFp +F; +FB

/1:0,6-\/0,0312 30,0192 +0,0092

2=0,022
S, :=1,599-0,022=1,577

fective tooth thickness S, ) . =S .. +A

S =1,544+0,022=1,566

vV min
pall or pin diameter D, (formulae taken from ISO 4156-3)
S-cosag@& Dy, -invey )

p, =m-m-cosoyy =1,0-m-cos(30°)=2,720 70

and

50

2T

—tan (30°)—| 30°- =0,053 75
360°

; 2T
Invo, =tanon —| 0 - ————
D D L D 360°

Spg e =2,720 70—(1,571-cos(30°)+21,650 64-0,053 75)=0,196 45

_ D, -tanay, 21,650 64-tan(30°)

=6,250 00
BA 2 2

) DEe
Db ‘tan| oy +invoy, — N
b

lgoe= 2
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