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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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document was prepared by Technical Comuiittee ISO/TC 14, Shafts for machinery and d

second edition cancels and replaces thefirst edition (ISO 4156-3:2005), which has been
sed.

main changes compared to the previous edition includes:
SO/R 1938-1 has been removed from Clause 2;
SO 268-1 and ISO 1328 (@ll parts) have been moved from Clause 2 to Bibliography;

symbols of length'and arc length between two points, according to ISO 80000-3, have b
hnd used in the formulae;

n Figure 9)ball or pin contact diameter, internal spline has been added;

n Figure 12, measurement I, indication of base pitch, circular base thickness, and ba
have been corrected;
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Iable 10 has been revised,;

— in Figure 16, measurement of value A has been corrected;

— Formula (A.3) has been corrected;

— calculation results B; and E,. in A.3 have been corrected;

— in Figure A.2, the figure and subfigure titles have been corrected.

Alist of all parts in the ISO 4156 series can be found on the ISO website.

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 expressigs 1-adepted o 03’ ; i )
based ont

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

0,25;0,5;0,F5; 1; 1,25; 1,5; 1,75; 2; 2,5.
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Straight cylindrical involute splines — Metric module,
side fit —

Part 3:
Inspection
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Scope

document provides data, guidance and requirements for the inspection of §traight (|
fitting cylindrical involute splines.

ecting coaxial spline elements are defined and tabulated. Linear\dimensions are e
metres and angular dimensions in degrees.

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

B, Preferred numbers — Series of preferred numbers

1101, Geometrical product specificationsy(GPS) — Geometrical tolerancing — Toleran
htation, location and run-out

|938-1, Geometrical product specifications (GPS) — Dimensional measuring equipment —
gauges of linear size

1156-1, Straight cylindrical involute splines — Metric module, side fit — Part 1: Generalitig
1156-2, Straight cylindrical involute splines — Metric module, side fit — Part 2: Dimension

459, Geometricalproduct specifications (GPS) — Geometrical tolerancing — Datums and da

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 4156-1 apply.

hon-helical)

it between
xpressed in

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 amendmernts) applies.

res of form,

Part 1: Plain

S
5

fum systems

dresses:

ISO

nA IEC maintain tarminalaagical datahacoc forvcain ctandardizatian A+ thao follawiing 4
........................... 1O EICa-Gatad B 58S oS-SS adr et AaH e dtte o 0vWiiEa

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

4 Symbols and abbreviated terms

NOTE

Some of the symbols used can have a meaning other than the one intended here. The symbols H, Z, Y

and W are common for gauge tolerances in other ISO standards and can seem to conflict with symbols used in
this document. However, it was not thought necessary to distinguish between them, since the context will always
preclude any ambiguity.
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Aallowed

D
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gy

max

&y

min

&y

M

VvV max

w3

v min

HCTINCIN

~

Limited maximum value of distance out of the actual tolerance limit pum

Pitch diameter mm
Base diameter mm
Major diameter, external spline mm
Maximum major diameter, external spline mm
Minimum major diameter, external spline mm
Maximum form diameter, external spline mm
Minimum form diameter, internal spline mm
Minor diameter, internal spline mm
Minimum minor diameter, internal spline mm
Diameter of measuring ball or pin for external spline mm
Diameter of measuring ball or pin for internal spline mm
Ball or pin contact diameter, external spline mm
Ball or pin contact diameter, internal spline mm
Basic space width, circular mm
Maximum actual space width mm
Minimum actual space width mm
Eccentric radial offset mm
Effective space width,&ircular mm
Maximum effective-space width mm
Minimum effective space width mm
Total pitch-deviation um
Total profile deviation um
Total helix deviation pm
Tnteger defining the tooth considered and has values U, 1, 2, ., z-L (as  —
used in Annex A)

Involute ¢t (=tana —m-0r /180°) —
Approximation factor for external spline —
Approximation factor for internal spline —
Number of measured teeth —
Statistical tolerance limit actual pum, %
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LgTA absolute Statistical tolerance limit actual absolute um, %
LgTA relative Statistical tolerance limit actual relative %
Iga Length between two points (e.g. point B and point A) mm
Mg, Measurement over two balls or pins, external splines mm
Mp; Measurement between two balls or pins, internal mm
m Module mm
Nallowed Maximum allowed number of measured sizes outside tolerance limit ~—
Py Base pitch mip
\) Basic tooth thickness, circular mip
Smax Maximum actual tooth thickness mip
Simin Minimum actual tooth thickness mip
Sy Circular base thickness mip
Sy mdx Maximum effective tooth thickness mip
v mih Minimum effective tooth thickness mip
SDE Arclength between two points (e.g. point D and point E) mip
T Machining tolerance unj
T, Effective clearance tolerance 1841
w Measurement over k teeth, external spline mip
z Number of teeth —
a Pressure angle °
Qe Pressure angle at ball or pin diameter, external spline °
a Préssure 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 °
a; Pressure angle at ball or pin centre, Internal spline
Agafety Safety recommendation value mm
A Deviation allowance um
T Angular pitch °
Y Phase angle °

© IS0 2021 - All rights reserved 3
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5 Reference conditions

The standard reference temperature for industrial length measurements is 20 °C. The dimensional
requirements for parts and gauges are defined at that temperature and inspection shall also normally
be carried out at that same temperature.

If measurements are taken at another temperature, the results shall be corrected using the expansion

coefficients
Unless othe

If measuren

of parts and gauges respectively.

rwise specified, all measurements shall be made under zero measuring load.

antc ara mada nnndar 0 nan.7ara laad tha racnltc chall ha carractad accardinagly Havwg
o o G o T O AT T O T oo ot e Eo T e o O Tt D e e o r T etE e o G gy T o vy

such corred
and under 1
same surfagq

6 Qualit

6.1 Gense

The inspect
location ISQ

TeIco—oT

tion is not required for comparison measurements made with the same comparison'm
he same measuring load, between similar components of the same material and wit}
e condition.

y features
ral
ion of splines is divided into three quality features, as shown-“in Figure 1. To specify

1101 and ISO 5459 shall be used. For form and size ISO 4¥56-1 and ISO 4156-2 apply.

ever,
eans
| the

' the

WY
\\\‘0’:’ 0‘:“\“" N

S
““\\““\\

(XX
\\0\‘:‘:“
\

NOTE1 S
NOTEZ2 L

NOTE3 F

6.2 Size

a) Size b) Location c) Form
ze can be a quality feature-(actual, effective).
bcation can be a quality feature (runout, coaxiality, perpendicularity).

brm can be a qualityfeature (profile, helix, pitch).

Figure 1 — Quality features

6.2.1 Actual size

The actual size is

a) for external splines, the circular tooth thickness at the pitch diameter, and

b) for internal splines, the circular space width at the pitch diameter.

6.2.2 Effective size

The effective tooth thickness or space width is the maximum material condition resulting from the
actual size and the accumulation of form deviations.

© ISO 2021 - All rights reserved
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6.3 Location

The location of a spline is the location of the central axis in relation to any other geometrical element
found by actual or effective inspection methods.

6.4 Form

The form deviations of a spline are the deviations to the true geometrical form of profile, helix and pitch.

7 Methods of inspection

7.1 | Size

7.1.1 General methods

Thre¢e general methods of inspection are provided in Table 1. If not otherwise specified, the standard
method shall be used. If the alternative methods A or B are required, thisshall be stated in the part data
tabl¢. For the consequence of general methods, see Table 2.

Table 1 — Relationship between parametersiand control method

Minimum material Minimum éffective clear- | Maximum effe¢tive clear-
ance ance
Parameter Smin/Emax v max/Ev min Sy min/E{ max
Staldard method X X —
Method A X X X
Method B — X X

Table 2 — €onsequence of general methods

Maximum deviation of form ih each part
(zero clearance)

Theoretical maximum clearance between

Inspection method mating parts'(zero form deviation)

Standard 2(T+A) T+A
Alternative A 2T, T+A
Alternative B 2T, Undetermined

v
NOTE The theoretieallmaximum clearance between mating parts in this table is for parts in their new cpndition. The
cleaffance increases/wheh wear occurs.

7.1.2 Chgice of measuring instrument

The
ISO ¢

choice of measuring instrument shall be made according to the design requirgments (see
156-1). See Table 3 and Figure 2

7.1.3 Actual size

7.1.3.1 Dimensions over and between balls

The dimension over or between balls facilitates the calculation of the theoretical actual circular tooth
thickness or space width at the pitch circle diameter based on the actual tooth thickness or space width
where the balls contact through one normal plane. The size measured over or between balls is a true
size at 2 particular gaps and in one particular plane.

© IS0 2021 - All rights reserved 5
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7.1.3.2 Dimensions over and between pins

The dimension over or between pins facilitates the calculation of the theoretical actual circular tooth
thickness or space width at the pitch circle diameter based on the actual tooth thickness or space width
where the pins have a line contact.

Table 3 — Size Inspection measuring instruments, methods and priorities

and between pins
NO GO sector gauge
Variable sector gauge

Span size

gauge

Analysis calculations
using size and form
deviations

Parameter
Priority Smin/Emax Sv max/Ev min SV min/Ev max Smax/Emin
Methed
Highest Measurement over GO composite gauge |NO GO composite Measurementver
and between balls gauge and betwegen.balls
Lower Measurement over Variable composite Variable composite Measurement over

gauge

and bétween pins

Variable sector gayge

© ISO 2021 - All rights reserved
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7.1.3

bitch circle

NO GO sector plug gauge or maximum measurement between balls or pins.
NO GO composite plug gauge.

Minimum measurement between balls or pins, auxiliary.

G0 composite plug gauge.

0 composite ring gauge.

Maximum measuremerit over balls or pins, auxiliary.

NO GO composite ring-gauge.

NO GO sector ringgauge or minimum measurement over balls or pins.

Figure 2 — Elementary inspection methods for space widths and tooth thickne

.3~ NO GO sector gauge

sses

The NO GO sector gauge is used to inspect the specified actual tolerance limit of the circular tooth
thickness or space width at the minimum material condition of the part, where the gauge contacts only
at the ends.

7.1.3.4 Span size over k teeth

The span measurement facilitates the calculation of the theoretical actual circular tooth thickness of
external splines at the pitch circle diameter based on the measurement over a block of teeth. Before
using this method, suitability should be checked.

© IS0 2021 - All rights reserved
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7.1.3.5 Variable sector gauge

The variable sector gauge measures the actual circular tooth thickness or space width. The actual
measurement is achieved using radially locking left- and right-hand flanks and comparison to a master

having a kn

own tooth thickness or space width.

7.1.4 Effective size

7141 G

O composite gauge

GO composite-gauges are used to check

a) that the specified effective limits of tooth thickness or space width are not exceeded at
maximyim material condition of the part,

b) the spekified form diameter of the part, thus ensuring that the required tolerances-are contr
for the full involute depth, and

c) the spefified length of engagement, thus ensuring that the spline maximum material limit ha
been eyceeded.

7.1.4.2 Variable composite gauge

The variable composite gauge measures the effective size of tooth.thickness or space width. The ac

measurement is achieved using the radially locking left- and right-hand flanks and comparison

master having a known tooth thickness or space width.

7.1.4.3 NP GO composite gauge

The NO GO fomposite gauge is used to check the specified effective limit of minimum tooth thickne

maximum S

7.1.4.4 Iy

All these in

major diamieter, D,.) using GO and-NO’GO plain (plug or ring) gauges or other acceptable measy

devices.

7.2 Loca

7.2.1 General

Splines hav
and effectivy

pace width, where the gauge contacts only at the ends.

spection of diameter at tooth tip (D;; or D)

spection methods requireafieasuring the tooth tip (internal minor diameter, D;;, or extg

i’

tion

e an actual and effective true size of space width or tooth thickness, and hence also an a
e axis.

the

blled

b not

tual
to a

5SS or

rnal
ring

tual

The tolerances concerning location (i.e. runout, total runout, concentricity, and coaxiality tolerances)
shall be specified on the component drawing. Where the spline is used as a datum axis, other geometry
features shall be toleranced to the spline axis. Because of the inherent form deviations, difficulties
arise in the reproducibility and repeatability of the spline profile if the form deviations and cylindricity
deviations are numerous.

7.2.2 Choice of the method of inspection of location

The methods of inspection of location are given in Table 4.

© ISO 2021 - All rights reserved
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Table 4 — Location inspection methods and priorities

Priority Method
Highest Effective axis using perfectly fitting mating part without form deviations
Lower Actual pitch cylinder axis

Calculation with Fourier analysis

Spline clamping systems

7.2. Effective axis using mating part

The [location of the effective spline axis is defined by the axis of a perfect (without form|deviations)
mating spline fitting without clearance or looseness. As this is difficult in practice, spline clamping
systems or mathematic calculation methods using the individual form. deviations ddgrived from
analtical inspection may be used.

7.2.4 Actual pitch cylinder axis

The [location of the actual spline axis (see Figure 3) is defined(by the mean centre line of all measured
points on the tooth flanks. This axis represents the position atwhich all deviations are minimum (least-
squdre condition).

Figure 3 — Actual spline axis

7.2.5 Calculation with Fourier analysis

This can be carried out by the measurement and analysis of pitch deviation, profile deviation and helix
deviation. This axis found by this method (see Figure 4) represents the axis where pitch, profile and
helix deviations have their smallest values.

© IS0 2021 - All rights reserved 9
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Key

1 pitchde
2 found by
3  pitchde

7.2.6 Spl

In practice
without loo

Viations to axis A

r Fourier analysis
iations to axis B with minimum value

Figure 4 — Axis found by Fourier analysis of pitch deviation

ne clamping system

t is very difficult to manufacture a perfect (without form deviations) mating spline tha
seness or clearance: As an alternative, a splined clamping system can be used. These cl

the parts on the tooth flanks:; A-variety of different systems are available, but they are a compromi

comparison

7.3 Fornm

to the perfecttmating spline.

A more co

rehensive explanation of form deviations exists in ISO 1328 (all parts) and ISO/TR 100¢

The datum forform deviations is the effective pitch cylinder.

L fits
amp
Se in

b4-1.

8 Measurements with balls or pins

8.1 General

The theoretical actual space width or tooth thickness can be calculated from the measurement over or

between ba

lls or pins.

The concepts in 8.2 to 8.6 and Formulae (1) to (28) apply when using ball or pins.

10
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8.2 Selection of balls or pins

A ball or pin diameter shall be selected from the preferred number series R40 from ISO 3. Ideally, the
ball or pin should contact the pitch diameter when the tooth or space is equal to S or E.

In practice it can be necessary to round the ball or pin diameter to the next greater value in the series.

In cases where it is not possible to select a size of pin or ball from ISO 4156-2, the size chosen shall
satisfy the conditions of contact required for satisfactory measurements. The size to be used shall be
subject to prior agreement between purchaser and manufacturer.

In some cases itwill be necessaryto makeaflatonthe pinor ball to avoid contacton the major diameter

of an} internal spline or minor diameter of an external spline.

The gifference in geometry of measuring balls and pins influences the measuring results. Syrface finish
and helix deviations also have an effect.

Ball pnd pin accuracies are given in Table 5 with the length of the pin as a function of pin digmeter.

Table 5 — Ball and pin accuracies and pin measuring length

Values in millimetrels

Nominal diameter of balls or pins | Tolerances on.diameter Pin length
(Dgj or Dg.) (including al}'divisions)
0,3<DgjorDp.<1 + 0,001 205
1 <DgjorDp. <5 +0,001 305
5 < Dg;or Dp, <15 +0,0015 40+5
15 < Dg; or Dg, <26 +0,0015 505
Dypjor Dp. 226 +0,002 60+5

8.3 | Use and marking of pins
Pins|shall be usable over their wholeléngth in any area of the spline length to be checked.

They shall be marked with theirnominal diameter.
8.4 | Statistical actualtolerance limit Ly,

8.4.1 General

A mlllﬁnber of unavoidable uncertainties existin the inspection of the actual size of splines. Th¢ inspection
resullt will besinfluenced by

— the angular position,

— the measuring plane, and
— the inspection method.

These three items influence the measurement results and reduce repeatability. If not otherwise agreed
by the customer and the manufacturer, the priority shall be established as follows:

All methods of inspection may be used to measure the actual size, but in case of disagreement, the
measurement between or over balls shall have the highest priority in the acceptance or rejection of
a part. The actual size shall be inspected in at least three equally spaced angular positions and in at
least three equally spaced measuring planes. In the case of disagreement between measuring results
from the same measuring method, the result which has utilised the greatest number of angular and
longitudinal measuring positions shall have priority.

© IS0 2021 - All rights reserved 11
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If measurements with a high number of measuring points are used, a statistical distribution of all
measured true actual sizes at any position will exist. In theory, all local true actual sizes measured at
any position shall be within the actual tolerance limit. The statistical analysis of the actual tolerance
limit uses two Lgr, (statistical tolerance analysis) tolerance limits and enables a decision to be made as
to whether a part is to be accepted or rejected with regard to the actual tolerance limit. This document
allows the use of the statistical actual tolerance limit Lgy, (see Figure 5).

The statistical actual tolerance limit Lgy, defines 2 limits:

a) LSTA relative

=
G

—  Nupberofdocaindividualtrue-actual-sizes-aHowed-to-beoutside-the-actual-toleranece Hm
— Givien in % of all measured sizes.

b) LSTA absplute
— Makimum value of local individual true sizes to be allowed outside the tolerance limit.

— Givlen in micrometers or as a percentage of the actual tolerance value.

y 2
X
o
o
1]
(%}
m—
m
) IR
Key
1 maximum effective tolerance limit
2 referende marimaximum, actual, auxiliary
3 distribufiényof measured sizes within one part
4 minimum actual tolerance limit
5 LSTA absolute
6 LSTA relative

Figure 5 — Statistical actual tolerance limit Ly,

8.4.2 Acceptance of parts according to the statistical actual tolerance limit Ly,

The arithmetic average of all local sizes as well as compensated circles or cylinders shall always be
inside the actual tolerance limit. The statistical tolerance limit actual shall only be used for local
individual true sizes, and not for their average or their substituted elements. A limited number of
individual true sizes may be allowed to be outside the actual tolerance limit by a limited amount.
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The maximum number (n,;,,w.q) Of measured sizes allowed to be outside the tolerance limit is calculated
from the number of measured sizes n and the percentage given by Lgra relative:

Mllowed =int'(n'l‘STA relative ) (1)

The number of measured sizes shall be large enough for the Lgy, to function with regard to n_j;,yeq-

The maximum value allowed out of the actual tolerance limit allowed can be calculated by the
percentage of the Loy Wwhere Lgra absolute = LsTa relative a1d the actual tolerance T:

Datowed =L LsTa absolute (2)

If it floes not fit the requirements equal to Lgrp relative = LsTa absoluter th€ LsTa absolute ¥AUE Mlay be given
sepdrately in micrometers.

8.4.3 Examples

EXAMPLE 1
Lgta 10 % = Lg14 relative
= LSTA absolute
Nunjber of measured values: 85
Mallofed = int (n-Lora relatives) int(85-10/100) =8

Tolefrance T = 0,035
Taloed = T'LSTA absolute O, 035-10/100 = 0, 003 5

Maxjmum 8 measured values out of 85:may be out of the actual tolerance limit by maximum[0,003 5 mm
and the component still shall be accepted.

EXAMPLE 2

LSTA relative 15 %

LSTA absolute 0'005 mm

numler of measufted values 28

Ny)loed = int (n.LSTA relative ) int (28 15/ 100) =4

Maxjrhum 4 measured values out of 28 may be out of the actual tolerance limit by maximurn 0,005 mm
and the component still shall be accepted.

8.5 Calculation of ball or pin diameter (Dy, or Dy;)

8.5.1 External spline

See Figure 6.
S is the basic tooth thickness.

Spg e =Py, —(S-cosap +Dy -invay, ) (3)

© IS0 2021 - All rights reserved 13
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IBA - 4~ (4')

s

Db-tan(aD +inver, + [l))Ee J
_ b

hoe= ) )

Calculated Dy, =2(lgg  —Iga ) (6)

Take Dy, as|the next greater nominal diameter in the preferred number series R40 from ISO 3.

Figure 6 — External spline

8.5.2 Internal spline

See Figure 7.

The following calculation should not be used for internal splines with 30° pressure angle and a number
of teeth less than 8. For these splines, use a value of E equal to the minimum actual space width of the
tolerance required.

E is the basic space width.

Spgi =E-cosogy +D, -invey, (7)
D, -tana
lyy =0 8)
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S -
Db -tan [aD +invo¢D _,_ﬂ]
D

b
lgoi= 2 ()

Calculated Dy, =2(Igs ~Igg ;) (10)

Take Dg; as the next greater nominal diameter in the preferred number series R40 from ISO 3.

Figure 7 — Internal spline

8.6 Calculation of dimensions for ball or pin inspection (part and gauge inspection)
8.6.1 Exact calculation

8.6.1.1 Measurement over two balls or pins — External splines (My,)

See Figure 8.

S is the actual circular tooth thickness to be checked.
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VRea
W

| ~
./G'/ 0\0 dg@

a For z evén.

b For z odf.

Dg.isthep

; S |, DRe T
lnvae ::B‘i‘ 1nVO£D+ D o

Figure 8 — Measurement over balls or pins

n diameter — see value ininsSpection dimension tables.

b Z

give a, in d¢grees, to 5 decimal places!

For z eyen:
D,
_ b
M, Re =1 + DRc
LOS (X,

(11)

(12)

1) Decimal degrees, for use with computers.

16
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For z odd:
o
D, - cos
M =— Z 4D, (13)
cosc,
tana,, = tano, ——= (14)
b
D,
P—— (15)
cosa,,
8.6.1.2 Measurement between two pins — Internal splines (M)
See Figure 9.
E is the actual circular space width to be checked.
Dy, ik the pin diameter — see value in inspection dimension tables.
E . D,
nve, = —+| inve, ——- (16)
D D,
give|a; in degrees, to five decimal places?)
For z even:
D,
My, = ° — Dy, (17)
cosq,
For z odd:
o
D, -cos
My =————— Dy (18)
cosq,
D,
fan o7, = tan o H—- (19)
b
D,
i = (20)
cosa,
2) Decimal degrees, for use with computers.
© IS0 2021 - All rights reserved 17
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a For z evén.
b For z odfl.

Figure 9 — Measurement between balls or pins

8.6.2 Approximation factor

8.6.2.1 Gegneral

The approxjmation facter<(K, for external splines, K; for internal splines) is the variation of inspe¢tion
dimensions| with respect to the variation of corresponding tooth thicknesses or space widths|(see
[SO 4156-1)

The use of faetors K, or K; leads the values of inspection dimensions, which are all the more accyrate
since the thickness or space width to be checked are closer to the actual thickness values (S ) or the
maximum actual space width values (E,,,,) of tolerance class 7 of fit considered.

8.6.2.2 Calculation of the approximation factor K,

The parameters for the calculation of the approximation factor K, are shown in Figure 10.
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AS/2

~N
\QJ
3
<
L
Figure 10 — Calculation of K,
Approximate:
M
X :%sin o, (21)
AM,,  sino
g: X — Re e (22)
2 coS Oy 2cosay,
For)an even number of teeth:

AM, cosQ,
K =—R_""7D (23)

¢ AS  sina,
For an odd number of teeth:

cosa °
K, =_—Dcos 90 (24)
sina, z

For the calculation of a,, see 8.6.1.1 and take S as the minimum actual tooth thickness (S,,;,) of tolerance
class 7 and fundamental deviation considered.
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8.6.2.3 Calculation of the approximation factor K;

The parameters for the calculation of the approximation factor K; are shown in Figure 11.

2]
i
/ \
= /A . ~
o LA N T
N P . SO ~
<& . | . ~\\\
< N
\ N
o : N
VLI ,
Vo /
\ & / ,/
. v
\\ : / ',/Q”
‘ L @, / /
Tl T~/
. /)
VL
Vo
\l 7
\| /
Figure 11 — Calculation of K
Approxjimate:
AM,,.
X=—sing, (25)
AE X _AMRi-sinOti 26)
2 _cosocd B 2-cosocD
For an even number of teeth:
:AMRi :cosocD (27)

' AE  sin [0

20
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For an odd number of teeth:

cosa. 9(0°
; =_—D-cos (28)
sing; z
For the calculation of a;, see 8.6.1.2 and take E as the basic space width.
9 Measurement over k teeth — External splines ()
9.1 | Calculation of W
The parameters for the calculation of W are shown in Figure 12.
- w
Figure 12 — Calculation of W/
W =(k—1) p, +; (29)
whefe
k dsithe number of teeth considered (see inspection dimension tables);
ratloo 1o kol ar. L
-’b 15 L1IIT UdoT PlLLll = IV Tt VU5 MD )

S}, is the circular base thickness = S-cosoy, + D, -invay, .
For the calculation of W, use S as the tooth thickness of the tolerance class chosen for the fit considered.

9.2 Choice of k

For the minimum and maximum tangential dimensions shown in Figures 13 and 14, respectively, the
choice of the value of k depends on the following conditions.
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Figure 14 — Maximum.tangential dimension

W in =\/DZ i — D2 (30)

min il min

— 2 2
Whax = N Dg safety -D (31)

= 0/4'm for module 0,25
= 0,B-m for modul€ 0,5 to 4

=0,2-m for mediile 5 to 10

D, e safety] — D, ee\max _Asafety
W -

Py

2 2
Check that p, ~kp +S,2W,_.andthat D, . <\W +Df <Dyq max -

If these conditions are satisfied, then k = k_ + 1; otherwise, it is impossible to take a dimension over k
teeth (k shall be rounded to the nearest integer number). For the calculation of k, and W, use S as
the minimum actual thickness (S,,;,) of tolerance class 7 of the tolerance considered.

in’
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10 Gauges

10.1 Generalities

10.1

10.1

.1 Conditions of use of gauges

.1.1 GO gauge

3:2021(E)

GO composite plug and ring gauges shall enter or pass over the complete spline length. Composite
spline gauges shall be used without excessive force to prevent damage or distortion to the component

or gauge. In case of disagreement, the composite gauge shall be accorded precedence in the
or r¢jection of a part. If there are two gauges available and both are within the gauge tol
gauge which fits the part shall be accorded precedence.

Ifa
can
orb
devi

10.1.1.2 NO GO sector gauge

NO (
carr

10.1.1.3 NO GO composite gauge

NO (

10.1.2 Limiting dimensions of use for gauges

The

art is rejected by the composite GO gauge, the gauge itself cannot providehe reason.
only be identified by the measurement of the actual tooth thickness or‘space width
hlls, and the analytical inspection of total pitch deviation, total profile: deviation ang
htion.

O gauges shall not enter or pass over the component in-any angular position. Inspect]
ed out in at least three angular positions as equally distributed as possible.

kO composite gauges shall not enter or pass over the component.

ease of use of gauges is limited by-gauge weight and dimensions.

acceptance
brances, the

The reason
using pins
total helix

ion shall be

Partys with a pitch diameter D < 180 mm can normally be checked by using gauges.
Partls with a pitch diameter-P_> 180 mm can also be checked by using gauges if agreed Hetween the
custpmer and the supplier.
10.1.3 Handles of spline gauges
Plug|gauges of pitch diameter D < 50 mm may be integral.
10.1.4 Number of teeth for sector NO GO gauges
The pamber of teeth on sector NO GO gauges is given in Table 6.
Table 6 — Number of teeth on sector NO GO gauges
Total number of 6<2<30|30<z<44|44<2<58|58<2<72|72<2<86|86<z<100| z>100
product teeth, z
Number of teeth in 2 3 4 5 6 - 0,075z
each sector
© IS0 2021 - All rights reserved 23
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10.2 Length of measuring part of gauges

10.2.1 Influence of the active spline length and of the length of engagement

Since check gauges are often shorter than the parts to be checked, the active length and length of
engagement (see Figure 15) can influence the maximum permissible alignment of splines (parallelism
deviation of the splines with respect to the axis).

If the length of engagement is less than or equal to half the pitch diameter, and if the active length
is equal to the length of engagement, alignment deviations of splines can generally, unless otherwise
specified, be included in the total tolerances (T + A) and checked simultaneously by limit gauges.

In the case| where the length of engagement is greater than half the pitch diameter and thie a¢tive
length is grieater than or equal to the length of engagement, it might be necessary to prescribe spline
alignment folerances independent of the total tolerance (T + A): these tolerances may eptionaly be
checked separately by analytical inspection.

In particulgr, if spline alignment tolerances are specified, they should generally he proportionally all
the smaller|since the active length or the length of engagement or both will be gfeater.

1

a) Shaft longer than hole b) Hole longer than shaft

Key
1 length of engagement
2 active spline length

Figure 15 — Active length and length of engagement

10.2.2 GO or NO GO gauges

In the case where the length of engagement is greater than 1,5 times the value given in Table 7, the
active length of the GO composite splines plug or ring gauge should be increased. A gauge length of 75 %
of the length of engagement is usually satisfactory. This shall be subject to prior agreement between
purchaser and manufacturer.

NOTE GO and NO GO spline gauges can include a non-measuring part (plain cylindrical part or chamfer)
intended for making gauge entrance easier.
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Table 7 — Measuring part of spline gauges — Minimum length

Dimensions in millimetres

10.2

All ¢
part

10.2

For
equd

10.3
The

Pitch diameter Minimum length of spline gauges
of spl;ines GO plug NO GO plug GO ring NO GO ring
1<D<7 6 4 8 6
7<D<12 8 6 10
12<D<17 12 10
17<D<22 16 10 16 12
22<D<30 20 12 16 12
30<D<40 25 15 20 15
40<D<50 30 18 20 15
50<D<70 30 20 25 20
70 <D <120 35 25 25 20
120 <D <150 40 25 30 25
150 <D <180 40 25 30 25

.3 Master plug gauges

f the following elements shall be taken into account jn determining the length of the
of the master plug gauges:

h lead length corresponding to the minimum length of the measuring part of the checkg

h checking length, function of the mating side taper of the master plug gauge and of the
Himensional tolerance of the checked ring;

h wear length, function of the side taper of the master plug gauge and of the range
folerance of the checked ring.

.4 Spline gauges of pitch diameters D > 180 mm

spline gauges having a(pitch diameter D > 180 mm it is advisable to choose a measy
1to

B0 % of the pitclCdiameter for GO gauges;
D0 % of the pitch diameter for NO GO gauges.

} Manufacturing tolerances for spline gauges

measuring

d ring;

range of the

pf the wear

ring length

practical use and the relationship of manufacturing tolerances to wear tolerances

ave shown

the

necessity to slightly change the tolerances in this document In a way which does not affect the

compatibility with gauges according to ISO 4156:1981. Wear tolerance limits for NO GO gauges having
half of the wear allowance of GO gauges have been added to this document. See Tables 8, 9 and 10.

Table 8 — Gauge positions and tolerances

Calibre Position | Tolerance Wear limit
NO GO sector plug gauge E L ax +H/2 E - W
NO GO composite plug gauge E, max +H/2 Eymax— W
GO composite plug gauge E, min+tZ +H/2 Eymin—Y
GO composite ring gauge Svmax ~ Z +H/2 Symax * Y
NO GO composite ring gauge Sy min +H/2 Symint W

© IS0 2021 - All rights reserved
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Table 8 (continued)
Calibre Position | Tolerance Wear limit
NO GO sector ring gauge Smin +H/2 Smin tW

Table 9 — Values of gauge tolerances

) ) Tol. Plug gauges Rings
Pitch dll)ameter Tooth thickness S Space width E
mm mm
mm
C ia] | ] fal | L C 10 | 10 fal 10 L ia] | ] L L | L L 10 | 10 L 18
J_JlJ J_UlU J—lUllU D =10 L4_J|J Lz—UlU L4_LU|LU L
Tolerance values
pum
H 2 2
VA 4 4
D=3 y | 1 1,5
W 3 3
H 2,5 2,5
7 4 4
3<D<10 v 1,25 2
" 3 4
H 3 3 3 3
VA 4 5 4 5
0<D=<fi8 | v | 45 | 15 2% | 25
A\ 4 4 4 5
H 4 4 4 4 4 4
VA 4 5 6 4 5 6
18<D<BO v 2 2 2 3 3 3
w 4 5 5 5 5 6
H 4 4 4 4 4 4 4 4
Z 4 5 6 8 4 5 6 8
30<Dsp0 |y | 5 2 2 2 35 | 35 3,5 3,5
A\ 4 5 5 6 5 5 6 7
H 5 5 5 5 5 5 5 5
YA 4 5 6 8 4 5 6 8
S0<D=B0 |y | 25 | 2 2,5 2,5 4 4 4 4
" 4 5 6 7 5 6 6 7
H 6 6 6 6 6 6 6 6
VA 4 5 6 8 4 5 6 8
80<D<120 | y |23 3 3 3 5 5 5 5
A% 5 6 6 7 6 7 7 8
H 8 8 8 8 8 8 8 8
yA 4 5 6 8 4 5 6 8
120<D=<A80NF y | 4 4 4 4 6 6 6 6
W 6 va va 8 va 8 8 S

Spline gauges with a pitch diameter > 180 mm should be created in steps similar to those above.
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Table 10 — Positions of gauge tolerances

Piece Standard Alternative Alternative Taper
method method A method B master plug
Internal space width NO GO NO GO

sector plug sector plug

E L t Y 1
mjx / - T

= | | = E:A_

) [}
NO GO NO GO

composite plug composité plug

)
E Y = \ =| Tapef master
v max [} > E:A' S Er plugs with taper
N
GO

on ong flank for
ring|gauges

Ernfn aux ]

GO GO
composite plug compositeplug composite plug

L

EV nin ! Y

Y
Y
Y oz

Cvmin

) | | | C
Svmax i A i { Y ¥ { / A I / B
_é = _é = —é =
>4 A i > A \ > A \ A
~ N N N |
e GO GO GO
composite ring composite ring composite ring
Sm X aux } T
Y ) C
v 1pin A = A =
'y '} mA
-
NO GO NO GO WLl
COMPpOSItE 11ng composIte ring
Y r
x| s ! §
Smin - I = \ ‘E’ =
'} ) A
External tooth thickness NO GO NO GO I
sector ring sector ring
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10.4 Values of deviation allowances of spline gauges

The deviations of form checked for spline gauges, see Table 11, are the same as those checked on

corresponding parts, i.e:

total pitch deviation;

— total profile deviation;

total helix deviation

NOTE

The runout df this cylinder to the pitch diameter is shown in Table 11. These values are also valid for theyry
Hiameter of plug gauges and the minor diameter of ring gauges to the pitch diameter.

of the major

Table 11 — Deviation allowances for spline gauges

GO spline gauges can have a plain cylindrical diameter to facilitate the inspection of form deviations.

nout

Pitch djiameter T(()iteavligzioofrille 'I;?;:igt)ii(t);h T:ﬁtggﬂ:igg‘;l?;‘:;‘ (f)(;r Radial run-out
D F, F, part Fg
Fg<25mm | Fg>25mm Ring Plug
nm pum
1<D<100 5 5 S 10 7
100<p <150 5 8 5 15 10
150<P <180 5 10 — 5 15 10
Spline gaugeqd with a pitch diameter > 180 mm should be created in steps similar to those above.

10.5 Inspection of gauges

10.5.1 Damage

Inspection nethod: visual inspection of all spline flanks and important diameters. Damage and rus

not allowed,

10.5.2 Marking

Inspection

10.5.3 Ma

Inspection

numbers of|teeth-as shown in Figure 16.

NOTE1 Iy

or diameter ofplug gauges and minor diameter of ring gauges

method:82*point measurement for even numbers of teeth, radial measurements for

the case of external and internal splines, it is desirable that one of the balls/pins be in a con

tare

method: visual inspection. The marking shall be durable, complete and correct (see 10.6.4).

odd

mon

space for both measureme

NOTE 2

nts.

variable result will be obtained.

28

If several measurements are taken in various positions, then due to manufacturing variations a
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Aa Aa

a Measured.

"

igure 16 — Inspection of major diameter (plug gauges).and minor diameter (ring|gauges)

Majar diameter:

0,5(M, —D

D =2| 4- 5 (My Re)+DRC (33)
ce 900 2
COS

z

Mingr diameter:

| 0.5(Mw¥ Dy) Dy 34
i 900 2
COS

PD. =2| A+ Dy

1

z
10.5.4 Form diameter

Inspection methed: involute inspection machine or attribute-GO gauges.

10.5.5 Toeth thickness of plug gauges

Inspection methods: measurement over 2 pins. Measurements shall be taken at 0° and 90°|at each end
and in the middle of the pin length. Pins need to be rubbed in order to avoid friction and microdirt.
Measuring pins have a tolerance (see Table 5) which can affect the measurement over pins. To allow for
this, the true calibrated pin diameter shall be used.

10.5.6 Space width of ring gauges

For ring gauges, the requirements of 10.5.5 are applicable. Ring gauges are inspected with pins and
gauge blocks. The true size of a ring gauge is achieved when the gauge block can be moved axially with
minimum resistance and has no radial movement.

Taper master plugs for ring gauges may also be used for size inspection. Due to the combined form
deviations of ring and master plug, when ring gauges are fitted to taper masters, they are larger than

© IS0 2021 - All rights reserved 29


https://standardsiso.com/api/?name=00cbe249aef97f548e6ac9b555e04145

ISO 4156-3:2021(E)

those manufactured to a dimension between pins. Master plug gauges are tapered on one side of all
teeth and can be checked by measurement over pins in well defined planes.

10.5.7 Form deviations

Inspection methods: gear-testing machines. The profile and helix deviation shall be measured in at
least 3 equally spaced angular positions on left and right flanks. For composite gauges, the total pitch
deviation and the pitch diameter runout shall also be inspected.

10.5.8 Gauge wear inspection

An inspectipn period shall be chosen to guarantee that gauges remain within their wear limit. Asspline
gauge is corsidered to be worn out when the space width or tooth thickness exceeds the specified wear
limit, or ong of the form deviations exceeds 1,5 times the allowed tolerance.

10.5.9 Inspection certificates

When inspgction certificates for spline gauges are required, such certificates shall only be accepted
when graplis of the form deviations are provided. Graphs of involute profile-shall indicate the form
diameter.

10.6 Dime¢nsions, designation and marking of gauges
10.6.1 Inspection of external splines

10.6.1.1 GP composite ring gauge

The externpl splines are inspected using a GO composite ring gauge as shown in Figure 17, with
dimensions|as given in Table 12.
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Key

bin diameter

bize between pins
3 pauge length

Figure 17 — GO composite ring gauge

Table 12 — Dimensions and tolérances for GO composite ring gauges

Gauge dimension Forimula Tolerance Where fitted to taper master
Nunpber of teeth XX
Module xX
Preqsure angle XX
Pitch diameter XX.XXXX
Bas¢ diameter XX.XXXX
Maj¢r diameter Do max + 0,3m min.
Forp diameter Do max + 0,2m min.
Minpr diameter Dre max K72
Spage width new: Sy max ~ Z +H/2 (Sy max — Z) ref.
Spa¢e widthiwear limit Symax+ Y (Sy max + Y) ref.
Pin fliameter See 8.5.2
Sizelbetween pins new See8612 Refertotapermaster
Size between pins wear limit See 8.6.1.2 Refer to taper master
Form deviations See Table 11
a  SeelSO 286-1.

10.6.1.2 Tapered tooth master plug gauge for GO composite ring gauge

A tapered tooth master plug gauge for a GO composite ring gauge is shown in Figure 18 and its
dimensions are given in Table 13.
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Key

VO N O U W N

I 3 A
\ \ \ \
) — | | |
— | | |

~—8

lead length/ring gauge length
manufadturing tolerance of ring
ring wedr tolerance
oversizgzone

taper or] one flank of all teeth
pin dianpeter

size over pins

front fade of new ring gauge

Lines marked at major diameter (position to be determined by calibration).

Figure 18 — Tapered tooth master plug-gauge for GO composite ring gauge

Table 13|— Dimensions and tolerances for-niaster plug gauges for GO composite ring gauges
Gauge dimension Formula Tolerance
Number of teeth XX
Module XX
Pressure angle XX
Pitch diameter XX.XXXX
Base diantéter XX.XXXX
Major.diameter Dee min = 0,2m h82
Form diameter Dge ax = 0,1m max.
Minor diameter Do max = 0,2m max.
Tooth thickness A Symax — Z-H/2
Tooth thickness B Symax — L+ H/2
Tooth thickness C Symax+ Y
Taper on one flank 0,02 % min.
Pin diameter See 8.5.1
Size over pins A See8.6.1.1
Size over pins B See8.6.1.1
Size over pins C See 8.6.1.1
Form deviations See Table 11
a  SeelSO 286-1.
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10.6.1.3 NO GO sector ring gauge

The external splines are inspected using a NO GO sector ring gauge as shown in Figure 19, with
dimensions as given in Table 14.

A

3
/

]
2
\
L
Key
1 pindiameter
2 pize between pins
3 pauge length
4  relieved outer surface
Figure 19 — NO GO sector ring gauge
Table 14 — Dimensions and tolerances for NO GO sector ring gauges
Gauge dimension Formula Tolerance Where fitted to tapler master
Nunpber of teeth (z) x+x see Table 6
Module XX
Preqsure angle XX
Pitch diameter XX.XXXX
Bas¢ diameter XX.XXXX
Majgr diameter Do max + 0,3m min.
Forin diameter Dee max + 0,2m min.
Minpr.diameter (D + 2Dgg max)/3 Js8a
Spacewidthrew S +H/2 tSmmref:
Space width wear limit Smin* W (Spin + W) ref.
Pin diameter See8.5.2
Size between pins new See 8.6.1.2 Refer to taper master
Size between pins wear limit See 8.6.1.2 Refer to taper master
Form deviations See Table 11
a  SeelSO 286-1.

10.6.1.4 Tapered tooth master plug gauge for NO GO sector ring gauge

A tapered tooth master plug gauge for a NO GO sector ring gauge is shown in Figure 20 and its
dimensions are given in Table 15.
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Key

oversizdg zone

pin dianpeter

size over pins

VO N O U AW N

Fipure 20 — Tapered tooth master plug gauge for NO GO two-sector ring gauge

Table 15 — Dimensions and tolerances for master plug gauges for NO GO sector ring gauges

~—8

lead length/ring gauge length
manufadturing tolerance of ring
ring wedr tolerance

taper or] one flank of all teeth

front fade of new ring gauge

Lines marked at major diameter (position to be determined by calibration).

34

Gauge dimension Formula Tolerance
Number of teeth (2z) x+x see Table 6
Module XX
Pressure angle XX
Pitch diameter XX.XXXX
Base diantéter XX.XXXX
Major.diameter Dee min = 0,2m h82
Form diameter (D + 2Dge ax)/3 = 0,1m | max.
Minor diameter (D + 2Dgq ax)/3 - 0,2m | max.
Tooth thickness A Smin — H/2
Tooth thickness B Smin + H/2
Tooth thickness C Smint W
Taper on one flank 0,02 % min.
Pin diameter See 8.5.1
Size over pins A See8.6.1.1
Size over pins B See8.6.1.1
Size over pins C See 8.6.1.1
Form deviations See Table 11
a  SeelSO 286-1.
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The external splines are inspected using a NO GO composite ring gauge as shown in Figure 21, with

dimensions as given in Table 16.

3

Key

bin diameter

bize between pins

bauge length

Figure 21 — NO GO-composite ring gauge
Table 16 — Dimensions and.-tolerances for NO GO composite ring gauges
Gauge dimension Formula Tolerance Where fitted to taper master

Nunpber of teeth XX
Module XX
Pregsure angle XX
Pitch diameter XX.XXXX
Basg¢ diameter XX.XXXX
Majgr diameter Dge max + 0,3m min.
Forin diametef Dee max + 0,2m min.
Minpr diameter (D + 2Dge max)/3 JS82
Spag¢e width new Sy min +H/2 (Sy min) ref.
Space-width-wear-tHnit S S Wref
Pin diameter See 8.5.2
Size between pins new See 8.6.1.2 Refer to taper master
Size between pins wear limit See 8.6.1.2 Refer to taper master

Form deviations

See Table 11

a  SeelSO 286-1.

10.6.1.6 Tapered tooth master plug gauge for NO GO composite ring gauge

A tapered tooth master plug gauge for a NO GO composite ring gauge is shown in Figure 22 and its

dimensions are given in Table 17.
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Table 17 —
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~—8

bth /ring gauge length

manufadturing tolerance of ring
ring wedr tolerance
oversizgzone

taper or] one flank of all teeth
pin dianpeter

" pins

front fade of new ring gauge

hirked at major diameter (position to be determined by, calibration).

Figure 22 — Tapered tooth master plug gauge for NO GO composite ring gauge

- Dimensions and tolerances for. master plug gauges for NO GO composite ring gayges

Gauge dimension Formula Tolerance
Number of teeth XX
Module XX
Pressure angle XX
Pitch diameter XX.XXXX
Base diameter XX.XXXX
Major diameter Dee min = 0,2m h82
Form diameter (D + 2Dgg nax)/3 = 0,1m |max.
Minor diameter (D + 2Dgq axd/3 — 0,2m |max.
Tooth thickness A Sy min — H/2
Tooth thickness B Sy min + H/2
Tooth thickness C Sy mintW
Taper on one flank 0,02 % min.
Pin diameter See8.5.1
Size over pins A See8.6.1.1
Size over pins B See8.6.1.1
Size over pins C See 8.6.1.1

Form deviations

See Table 11

a  SeelSO 286-1.
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10.6.2 Inspection of internal splines

10.6.2.1 GO composite plug gauge

ISO 4156-3:2021(E)

The internal splines are inspected using a GO composite plug gauge as shown in Figure 23, with
dimensions as given in Table 18.

Key

1
\

2

bauge length
bin diameter

Kize over pins

Table 18 — Dimensions and tolerances for GO composite plug gauges

Figure 23 — GO composite plug gauge

Gauge dimension Formula Tolerance
Number of teeth XX
Module XX
Pressure angle XX
Pitch diametep XX.XXXX
Base diametep XX.XXXX
Major diameter Dgi min k723
Form.diameter Dii min = 0,2m max.
Minor diameter Dyi min = 0,3m max.
Tooth thickness new E,mintZ +H/2
Tooth thickness wear limit E, min=-Y
Pin diameter See8.5.1
Size over pins new See 8.6.1.1
Size over pins wear limit See8.6.1.1

Form deviations

See Table 11

a  SeelSO 286-1.

10.6.2.2 NO GO sector plug gauge

The internal splines are inspected using a NO GO sector plug gauge as shown in Figure 24, with
dimensions as given in Table 19.
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