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Indian Standard 
DIMENSIONS FOR 

INVOLUTE SIDED SPLINES 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institu- 
tion on 2 July 1966, after the draft finalized by the Transmission Devices 
Sectional Committee had been approved by the Mechanical Engineering 
Division Council. 

05 Splined shafts generally have the following three types of applications: _~ 
a) Coupling shafts when relatively heavy torques are to be transmitt- 

ed without slippage, 

b) Transmitting power to floating or permanently fixed gears, pulleys 
and other rotating members, and 

c) Coupling parts that may require frequent removal for indexing or 
change of angular position. 

0.3 External and internal splines are very extensively used in the automo- 
bile, machine tools and other industries. This standard has been prepared 
to rationalize the production and to facilitate interchangeability of exter- 
nal and internal splines. 

0.4 This standard deals with involute sided splines of 30’ pressure angle 
for general engineeering ‘purposes. Separate standards on straight sided 
splines have already been prepared (see IS : 2327-1963* and IS : 2610- 

I96W )* 
05 The dimensions and fits given in the tables are based on the basic hole 
system. In this system the dimensions of the internal splines are the basis 
and variations in fit are obtained by varying the allowance on the external 
splines. 

0.6 The tolerances for the spline tooth thickness and space width are given 
in Table 12. The instructions for the use of table is explained in Appen- 
dk A. The tolerance on major and minor diameters shall be according to 
the system of limits and fits specified in IS : 919-1963$. 

0.7 Separate standards on gauging practice and the relevant manufacturing 
tools for splines are under preparation. 

*Dimensions for straight sided splines for general engineering use. 

tDimcnsions for straight sided splines for machine tools. 
~Rccommendations for limits and fits for enginccriog ( rwised ). 
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0.8 As far as possible, the major diameters of external splines are given so 
as to end in numbers 0, 2, 5 and 8 which are standard diameters for ball 
bearings. 

0.9 This standard is based on the following principles: 

a) To cover the standard modules conforming to IS : 2535-1963*; 

b) The same reference profile is used for all pitches and consequently, 
used for all profiles; 

c) Centring by side fit or diameter fit; and 

d) Use of profile displacement for the purpose of obtaining optimum 
utilization of materials. 

0.10 This standard is based on draft standard DIN 5480-1964 Blatt 1 to 14 
’ Zahnwellen Verbindungen mit Evolventenflanken (Involute sided splines) ’ 
issued by the Deutscher, Nonnenausschuss. 

0.11 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expressing 
the result of a test, shall be rounded off in accordance with IS : Z-1960?. 
The number of significant places retained in the rounded off vaIue should 
be the same as that of the specified value in this standard. 

1. SCOPE 

I.1 This standard covers the dimensions, for straight involute splina of 

30” pressure angle, with three different types of fits, namely, major &a_ 

meter fit, minor diameter fit and side fit. 

1.2 Involute splines of modules (l), 1.25, (l-5), 2, (Z-5), 3, (4), 5, (6), 
8 and (10) are covered in this standard. The values given within brackets 
are non-preferred. 

2. DEFINITIONS 

2.0 For the purpose of this standard, the following definitions shall apply. 

2.1 A&ual Space Width - The circular width on the pitch circle of any 
single space ( see Fig. 1 ). 

2.2 AdaI Tooth Thickness - The circular thickness on the pitch circle 
of any single tooth ( 58~ Fig. 2 ). 

*&sic rack, modules and diametral pitches of cylindrical gears for general e&re&ng_ 
( Since revised ) . 

tR&s for rounding off numerical values ( revised). 
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r-PITCH ERROR 

PROFILE ERROR 

a) Each Space is Basic Width b) Perfect External Spline with Basic 
Tooth Thickness Interferes at X 

&FFECTlVE SPACE WIDTH 
EQUALS TOOTH THlCKNESS OF 
PERFECT EXTERNAL SPLINE 

c) The perfect External Spline fits in any POSitiOn, if all Spaces of the Internal Spline 
are Widened ly the Amount of‘lnterference 

FIG, 1 EFFF,CT OF INTERNAL SPL~NB ERRORS 
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ACTUAL TOOTH 
THICKNESS 

TIVE TOOTH THICKNESS 
EQUALS SPACE WDTH OF 

PERFECT INTERNAL SPLINE 

FIG. 2 EFFECT OF EXTERNAL SPLINE ERRORS 

2.3 Base Circle Diameter - The diameter of the circle from which 
involute spline tooh profiles are constructed. 

2.4 Effective Clearance - The difference between the effective space 
width of the internal spline and the effective tooth thickness of the mating 
external spline ( see Fig. 3 ). 

2.5 Effective Error - The accumulated effect of the spline errors on the 
fit with the mating parts. 

2.6 Effective Space Width of an Internal Spline - The circular tooth 
thickness on the pitch circle of an imaginary perfect external spline which 
would fit the internal spline without looseness or interference ( see Fig. 1). 

2.7 Effective Tooth Thickness of an External Spline - The circular 
space width on the pitch circle of an imaginary perfect internal spline 
which would fit the external spline without looseness or interference ( see 
Fig. 2 ). 

2.8 Error Allowance - The permissible effective error. 

2.9 Involute Spline - The spline having teeth with involute profiles. 

2.10 Machining Tolerance - The permissible variation in actual space 
width or actual tooth thickness ( see Fig. 3 ). 

2.11 Main Pressure Angle ( a0 : - The pressure angle at the pitch point. 

2.12 Major Diameter - The diameter of the outermost surface of the 
spline. It is the root diameter of the internal spline or the tip diameter of 
the external spline. 
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BASIC SIZE 

I EFFECTIVE DIMENSIONS I ACTUAL DIMENSIONS 

- 

FIG. 3 FIT DIAGRAM OF SPLINB ASSEMBLY 
120 x 114 x 38x 8HE/8eb IS : 3665 

2.13 Minor Diameter-- The diameter of the innermost surface of the 
spline. It is the tip diameter of the internal spline or the root diameter of 
the external spline. 

2.14 Module (m) - The ratio of the pitch circle diameter to the number 
of spline teeth. 

2.15 Nominal Clearance - The difference between the actual space 
width of an internal spline and the actual tooth thickness of the mating 
external spline. This does not define the fit between the mating members, 
because of the effect of errors. 

2.16 Pitch Circle Diameter - The diameter of an imaginary reference 
circle ( pitch circle ) from which all transverse dimensions are derived. 

2.17 Pitch Point - The point of intersection of the spline tooth profile 
with the pitch circle. 

2.18 Pressure Angle -The acute angle between a line tangent to a pro 
file of the spline and a radial line through the point of tangency. Unless 
otherwise specified the pressure angle shall mean the main. pressure angle, 
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2.19 Profile Displacement ( xm ) - The displacement of the basic rack 
either away or towards the reference cylinder and is denoted by xm. The 
former is taken as positive and latter as negative profile displacement. 

2.20 Spline - A machine element consisting of integral keys ( spline teeth ) 
or keyways ( spaces ) equally spaced around a circle or a portion thereof. 

2.21 Total Tolerance - The sum of the machining tolerance and the 
error allowance ( see Fig. 3 ). 

3. TYPES 

3.1 External Spline - An involute spline whose tip surface is external to 
the root surface. 

3.2 Internal Spline - An involute spline whose tip surface is internal to 
the root surface. 

4. EFFECTIVE AND ACTUAL DIMENSIONS 

4.1 The effective dimensions and actual dimensions together determine the 
fit of a spline assembly. 

5. DIMENSIONS, TOLERANCES AND FITS 

5.1 Reference profile for the different pitches shall be as given in Fig. 4. 

5.2 Major Diameter of Internal Spline ( d, ) -This is the reference 
diameter of the profile, and the value shall be according to Tables 1 to 11. 

5.3 Profile Displacement ( rm ) - The value of the profile displacement 
shall be calculated from the following formula ( see Tables 1 to 11 ): 

xm= l/2 (d,-m.t-l-1 m) 

The value shall be from - 0.05 m to + 0.45 m. 

5.4 Number of Teeth ( z) -The number of teeth shall be calculated 
from the following formula ( see Tables 1 to 11 ): 

z =k(d,--2xm- I.1 m) 

where dI is the major diameter of the internal spline. 

5.5 Minor Diameter of the Internal Spline ( d, ) - The value of the 
minor diameter of the internal spline shall be calculated from the follow_ 
ing formula ( see Tables 1 to 11 ): 

d, = m.z + 2 xm- 0*9m= da - 2 m 
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Fro. 4 REWRBNCE PROFILB 

5.6 Major Diameter of the External Spline ( da ) - The value of the 
major diameter of the external spline shall be calculated from the following 
formula ( see Tables 1 to 11 ): 

iis = m.2 + 2xm + 0.9 m = dl - O-2 m 

5.7 Minor Diameter of the External Splines ( d4 ) - Minor diameter 
of the external splines shall be calculated from the following formula (see 
Tables 1 to 11 ): 

Id,= m.z + 2 xm - 1.1 m = dl - 2.2 m 

5.8 Space Width and Tooth Thickness ( lo and S, ) - The value of the 
tooth thickness and space width shall be calculated from the following 
formula ( see Tables 1 to 11 ): 

1, and s.=mf $- 2.xm. tanu, 

5.9 The measuring pin diameter, the measurement over pins for the exter- 
nal splines and the measurement between pins for the internal splines shall 
be as given in Tables 1 to 11 ( scc Fig. 5 ). 

5.9.1 Tolerance on Measurement 0~ Pins - The tolerance values on eEec_ 
tive and actual measurement over. pins shall be obtained by multiplying 
the tolerance values on the effectrve and actual tooth thickness by the 
deviation factor f. ( Tables 1 to 11 ). 

5.9.2 Tolerance on Measurement Between Pins - The tolerance on effective 
and actual measurement between pins shall be obtained by multiplying the 
tolerance values on the effective and actual space width by the deviation 
factorfd ( Tables 1 to 11 ). 
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I Mi 
(FOR EVEN 

Mi NUMBER 
(FOR 000 OF TEETH) 
NUMBER 

OF ?EElH) 

t I 

Internal Spllnr 
External Spline 

FIG. 5 MEASUREMENT BETWEEN PINS AND MEASUREMENT OVER PINS 
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5.10 The thickness of external splines over a specified number of teeth 
shall be according to Tables 1 to 11 . 

5.10.1 The tolerance on the effective and actual thickness of external 
splines over a specified number of teeth shall be the product of the tolerance 
on the effective and actual tooth thickness and the deviation factor 0.866. 

5.11 Types of Fits 

5.11.1 Major Diameter Fit - In this type of fit, the major diameter of 
the external and internal splines have the same nominal diameter dl. 
There shall be circular clearance between the internal spline space width 
and external spline tooth thickness. 

5.11.1.1 The recommended tolerance values for the internal spline 
minor diameters ( ds ) shall be Hl 1 and the tolerance values for the 
external spline minor diameters ( d4 ) shall be h14. 
major diameter fit is given in Fig. 6. 

An example of 

FIG. 6 EXAMPLE OF MAJOR DIAMETER FIT 

5.11.2 Minor Diameter Fit - In this type of fit, the minor diameter of the 
internal and external splines shall have the same nominal diameter d,. 
There shall be circular clearance between the internal spline space width 
and external spline tooth thickness. 

5.11.2.1 The recommended tolerance values for the internal spline 
major diameters ( dl ) shall be H14 and the tolerance values for the exter- 
nal spline major diameters ( d3 ) shall be hl 1. An example of minor 
diameter fit is given in Fig. 7. 

5.11.3 Side Fit - In this type of fit, the mating members contact on the 
sides of the teeth only. There shall be clearance between the major diame- 
ters and minor diameters. The tolerance values for spindle tooth thickness 
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Is:366511966 

and space width for the spline qualities 7,8, 9 and 10 shall be as given in 
Table 12. 

NOTE - Instructions for the use of Table 12 is given in Appendix A. 

FIG. 7 EXAHPLE OF MINOR DIAMETER FIT 

5.11.3.1 The recommended tolerance values for the major diameters 
of internal spline ( dl ) shall be H14, the minor diameters of internal spline 
( d, ) shall be HI I, the major diameters of external spline ( d, ) shall be 
hll and the minor diameters of external spline ( d, ) shall be h14. An 
example of side fit is shown in Fig. 8. 

FIG. 8 EXAMPLE OF SIDE Fm 

5.11.4 A typical example of effective tooth thickness, effective space 
width, actual tooth thickness and the actual space width for three types of 
fits, namely, press fit, lrcating fit and sliding fit, is shown in Table 13, 
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6. DESIGNATION 

6.1 Side Fit 

6.1.1 An involute 

IS:3665-1966 

sided spline of a spline assembly of side fit shall be 
designated by the type of spline, nominal size ( dl x ds ), number of- teeth 
of the spline, the tolerance on the effective and actual dimensions; of space 
width for internal splines, and of tooth thickness for external spline, 
followed by the number of this standard. 

Example: 

An external involute spline of nominal size 120 x 114 mm 
with 38 spline teeth, and with the tolerance symbols 8e and 8b 
on the effective and actual tooth thickness shall be designated as: 

External Involute Spline 120 x 114 x 38 X 8eb IS : 3665 

6.1.2 A side fitted spline assembly shall be designated by the nominal 
size, number of teeth d the spline, the effective and actual fit of the spline 
teeth and the number of this standard. 

A spline assembly of nominal size 120 x 114, with 38 spline 
teeth and the fit 8 HE/8eb on the effective and actual spline 
teeth shall be designated as: 

Spline Assembly 120 x 114 x 38 x 8 HE/8eb IS : 3665 

6.2 meter Fit - Spline assembly of major and minor diameter fit shall 
be designated as in 6.1.2 along with the value of fit on their respective 
diameters. 

Examples: 

4 

b) 

A spline assembly of major diameter fit of H7/h6 of external 
involute spline, 120 x 114 x 38 X 8eb and internal involute 
spline 120 x 114 x 38 x 8 HE shall be designated as: 

Spline Assembly 120 H7/h6 x 114 X 38 x 8 HE/8eb IS : 3665 

A spline assembly of minor diameter fit of H7/h6 of external 
involute spline, 120 x 114 x 38 x 8eb and internal involute 
spline 120 x 114 x 38 x 8 HE shall be designated as: 

Spline Assembly 120 x 114 H7/h6 X 38 x 8 HE/8eb IS : 3665 
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IS : 3665 - 1966 

TABLE 13 EXAMPLES OF EFFECTIVE AND ACTUAL DIMENSIONS, 
TOLERANCES FOR DIFFERENT FITS 

(Claws 5.11.4) 

SPLINE 
TYPE 

TOLERANCE ZONE 
~--___c, 

Effective Actual 

FIT 

Internal @line E 

hl 

;J 
Press fits 

Extemal Spline jh e Locating fit 

Sliding fits 

APPENDIX A 
( Clause 0.6 ) 

INSTRUCTIONS FOR USING TABLE 12 

A-l. GENERAL 

A-l.1 This appendix covers the method for reading the tolerance 
values on @ace width and tooth thickness of four qualities of involute 
splines, represented by the quality lines qlq2, q3qa, etc. The modules up to 
10 have been divided into three ranges, represented by module lines 
mp,, %m4 and me. The pitch circle diameters up to 800 mm have been 
divided into 6 ranges, represented by the lines pIp2, p3p4, etc. 

A-2. PROCEDURE FOR USING THE TABLE 

A-2.1 The procedure has been explained with a particular example of 
external spline of module 2, pitch circle diameter 120 mm, quality 8 and 
tolerance tn. 

A-2.2 The module line for the spline of module 2 is m3m4. 
circle diameter line for 120 mm is P&. 

The pitch 
The module line m3m4 and pitch 

circle diameter line P,Ps meet at a point ‘a’, and from the point ‘a’, a 
spline line leads down to the quality line q3qa, corresponding to quality 8, 
meeting at point ‘b’. The tolerance value is read under the tolerance 
symbol m against the point ‘6’. The tolerance value for the tooth thickness 
of the spline is + 60 and + 20 micrometres. 
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