
EESTI STANDARD EVS-EN 15302:2021

RAUDTEEALASED RAKENDUSED. RATTA-RÖÖPA
ÜHILDUVUSE GEOMEETRILISED PARAMEETRID.
MÄÄRATLUSED JA HINDAMISE MEETODID

Railway Applications - Wheel-rail contact geometry
parameters - Definitions and methods for evaluation

This document is a preview generated by EVS



EVS-EN 15302:2021

Tagasisidet standardi sisu kohta on võimalik edastada, kasutades EVS-i veebilehel asuvat tagasiside vormi
või saates e-kirja meiliaadressile standardiosakond@evs.ee.

ICS 17.040.20, 45.060.01

Standardite reprodutseerimise ja levitamise õigus kuulub Eesti Standardimis- ja Akrediteerimiskeskusele

Andmete paljundamine, taastekitamine, kopeerimine, salvestamine elektroonsesse süsteemi või edastamine ükskõik millises vormis või
millisel teel ilma Eesti Standardimis- ja Akrediteerimiskeskuse kirjaliku loata on keelatud.

Kui Teil on küsimusi standardite autoriõiguse kaitse kohta, võtke palun ühendust Eesti Standardimis- ja Akrediteerimiskeskusega:
Koduleht www.evs.ee; telefon 605 5050; e-post info@evs.ee

The right to reproduce and distribute standards belongs to the Estonian Centre for Standardisation and Accreditation

No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying,
without a written permission from the Estonian Centre for Standardisation and Accreditation.

If you have any questions about standards copyright protection, please contact the Estonian Centre for Standardisation and Accreditation:
Homepage www.evs.ee; phone +372 605 5050; e-mail info@evs.ee

EESTI STANDARDI EESSÕNA

II

 NATIONAL FOREWORD

See Eesti standard EVS-EN 15302:2021 sisaldab
Euroopa standardi EN 15302:2021 ingliskeelset
teksti.

This Estonian standard EVS-EN 15302:2021
consists of the English text of the European
standard EN 15302:2021.

Standard on jõustunud sellekohase teate
avaldamisega EVS Teatajas.

Euroopa standardimisorganisatsioonid on teinud
Euroopa standardi rahvuslikele liikmetele
kättesaadavaks 06.10.2021.

This standard has been endorsed with a
notification published in the official bulletin of the
Estonian Centre for Standardisation and
Accreditation.

Date of Availability of the European standard is
06.10.2021.

Standard on kättesaadav Eesti Standardimis- ja
Akrediteerimiskeskusest.

The standard is available from the Estonian Centre
for Standardisation and Accreditation.

This document is a preview generated by EVS

www.evs.ee
/C:UsersgerliDesktopinfo@evs.ee
http://www.evs.ee/


  

 EUROPEAN STANDARD NORME EUROPÉENNE EUROPÄISCHE NORM 

 
 EN 15302   
  October 2021 

ICS 17.040.20; 45.060.01 Supersedes EN 15302:2008+A1:2010
English Version  Railway applications - Wheel-rail contact geometry parameters - Definitions and methods for evaluation Applications ferroviaires - Paramètres géométriques du contact roue-rail - Définitions et méthodes de détermination  Bahnanwendungen - Parameter der Rad-Schiene Kontaktgeometrie - Definitionen und Berechnungsmethoden 

This European Standard was approved by CEN on 2 August 2021.   CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN member.  This European Standard exists in three official versions (English, French, German). A version in any other language made by translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management Centre has the same status as the official versions.  CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom.    

 EUROPEAN COMMITTEE FOR STANDARDIZATION C O M I T É  E U R O P É E N  D E  N O R M A L I S A T I O N E U R O P Ä I S C H E S  K O M I T E E  F Ü R  N O R M U N G    
CEN-CENELEC Management Centre:  Rue de la Science 23,  B-1040 Brussels 

© 2021 CEN All rights of exploitation in any form and by any means reserved worldwide for CEN national Members. Ref. No. EN 15302:2021 E

This document is a preview generated by EVS



EN 15302:2021 (E) 

2 

Contents Page 

European foreword ....................................................................................................................................................... 7 

Introduction .................................................................................................................................................................... 8 

1 Scope .................................................................................................................................................................... 9 

2 Normative references .................................................................................................................................... 9 

3 Terms and definitions ................................................................................................................................ 10 

4 Symbols and abbreviations ...................................................................................................................... 11 

5 Overview of the process for determining contact parameters .................................................... 12 

6 Description of wheel and rail profiles .................................................................................................. 12 
6.1 General ............................................................................................................................................................. 12 
6.2 Uncertainty of the measuring systems ................................................................................................. 14 

7 Plausibility check and processing of measured wheel and rail profiles .................................. 15 

8 Determining the wheel-rail contact positions and contact functions ....................................... 16 
8.1 General ............................................................................................................................................................. 16 
8.2 Determining the rolling radius difference function ........................................................................ 16 
8.3 Other wheel-rail contact geometry functions .................................................................................... 17 

9 Determining the equivalent conicity and the related nonlinearity parameter .................... 17 
9.1 Background to equivalent conicity ........................................................................................................ 17 
9.1.1 Mathematical description of the kinematic lateral wheelset motion ....................................... 17 
9.1.2 Determining the wavelength of a coned wheelset ........................................................................... 18 
9.2 Determining the equivalent conicity .................................................................................................... 19 
9.3 Determining the nonlinearity parameter ........................................................................................... 19 

10 Determining the rolling radii coefficient ............................................................................................. 20 
10.1 Background and definition ....................................................................................................................... 20 
10.2 Determining point E for the calculation of the rolling radii coefficient ................................... 22 

11 Other wheel-rail contact parameters ................................................................................................... 23 

12 Testing of calculation software for contact geometry parameters ............................................ 24 
12.1 Overview ......................................................................................................................................................... 24 
12.2 Validation of the calculation algorithms ............................................................................................. 24 
12.3 Assessment of the smoothing process .................................................................................................. 24 

13 Assessment of the complete process for determination of wheel-rail contact 
parameters ..................................................................................................................................................... 28 

13.1 General ............................................................................................................................................................. 28 
13.2 Reproducibility of contact parameter determination based on rail profile 

measurement ................................................................................................................................................. 28 
13.2.1 Manual rail profile measuring devices ................................................................................................. 28 
13.2.2 Vehicle based rail profile measuring systems ................................................................................... 29 
13.3 Reproducibility of contact parameter determination based on wheel profile 

measurement ................................................................................................................................................. 30 
13.3.1 Manual wheel profile measuring devices ............................................................................................ 30 
13.3.2 Ground based wheel profile measuring systems .............................................................................. 30 

Annex A (informative)  Example of presentation of contact geometry functions ................................. 32 

EVS-EN 15302:2021

This document is a preview generated by EVS



EN 15302:2021 (E) 

3 

Annex B (informative)  Derivation of the kinematic equation of wheelset motion .............................. 33 

Annex C (informative)  Determination of the lateral peak displacements .............................................. 36 

Annex D (informative)  Method for determining the wavelength of the wheelset motion by 
two-step integration of the nonlinear differential equation ........................................................ 38 

D.1 General ............................................................................................................................................................. 38 

D.2 Step 1 ................................................................................................................................................................. 38 

D.3 Step 2 ................................................................................................................................................................. 38 

Annex E (informative)  Method for determining the wavelength of the wheelset motion by 
direct integration of the nonlinear differential equation .............................................................. 40 

Annex F (informative)  Method for determining the equivalent conicity by linear regression 
of the Δr function .......................................................................................................................................... 41 

F.1 General ............................................................................................................................................................. 41 

F.2 Concerns regarding the method .............................................................................................................. 41 

Annex G (informative)  Method for determining linearization parameters by harmonic 
linearization ................................................................................................................................................... 43 

G.1 General ............................................................................................................................................................. 43 

G.2 Concerns regarding the method .............................................................................................................. 44 

Annex H (informative)  Handling of special cases of the Δr function ......................................................... 45 

Annex I (normative)  Reference profiles for testing ........................................................................................ 48 

I.1 General ............................................................................................................................................................. 48 

I.2 Wheel A ............................................................................................................................................................. 49 

I.2.1 Drawing ............................................................................................................................................................ 49 

I.2.2 Analytic definition ........................................................................................................................................ 49 

I.2.3 Cartesian coordinates ................................................................................................................................. 50 

I.3 Wheel B ............................................................................................................................................................. 52 

I.3.1 Drawing ............................................................................................................................................................ 52 

I.3.2 Analytic definition ........................................................................................................................................ 52 

I.3.3 Cartesian coordinates ................................................................................................................................. 53 

I.4 Wheel C ............................................................................................................................................................. 55 

I.4.1 Drawing ............................................................................................................................................................ 55 

I.4.2 Analytic definition ........................................................................................................................................ 55 

I.4.3 Cartesian coordinates ................................................................................................................................. 56 

I.5 Wheel H ............................................................................................................................................................ 58 

I.5.1 Drawing ............................................................................................................................................................ 58 

I.5.2 Analytic definition ........................................................................................................................................ 58 

I.5.3 Cartesian coordinates ................................................................................................................................. 59 

I.6 Wheel I .............................................................................................................................................................. 61 

I.6.1 Drawing ............................................................................................................................................................ 61 

EVS-EN 15302:2021

This document is a preview generated by EVS



EN 15302:2021 (E) 

4 

I.6.2 Analytic definition ....................................................................................................................................... 61 

I.6.3 Cartesian coordinates ................................................................................................................................. 62 

I.7 Rail A ................................................................................................................................................................. 64 

I.7.1 Drawing ........................................................................................................................................................... 64 

I.7.2 Analytic definition ....................................................................................................................................... 64 

I.7.3 Cartesian coordinates ................................................................................................................................. 65 

Annex J (normative)  Calculation results with reference profiles .............................................................. 67 

J.1 General ............................................................................................................................................................. 67 

J.2 Wheel A/Rail A .............................................................................................................................................. 68 

J.2.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................... 68 

J.2.2 Numerical values for Δr function ........................................................................................................... 69 

J.2.3 Numerical values for tanγe function ..................................................................................................... 70 

J.3 Wheel B/Rail A .............................................................................................................................................. 72 

J.3.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................... 72 

J.3.2 Numerical values for Δr function ........................................................................................................... 73 

J.3.3 Numerical values for tanγe function ...................................................................................................... 74 

J.4 Wheel C/Rail A .............................................................................................................................................. 76 

J.4.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................... 76 

J.4.2 Numerical values for Δr function ........................................................................................................... 77 

J.4.3 Numerical values for tanγe function ..................................................................................................... 79 

J.5 Wheel H/Rail A .............................................................................................................................................. 81 

J.5.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................... 81 

J.5.2 Numerical values for Δr function ........................................................................................................... 82 

J.5.3 Numerical values for tanγe function ..................................................................................................... 83 

J.6 Wheel I/Rail A ............................................................................................................................................... 85 

J.6.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................... 85 

J.6.2 Numerical values for Δr function ........................................................................................................... 86 

J.6.3 Numerical values for tanγe function ..................................................................................................... 87 

J.7 Modified Wheel A (−2 mm on left wheel diameter)/Rail A ........................................................... 89 

J.7.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................... 89 

J.7.2 Numerical values for Δr function ........................................................................................................... 90 

EVS-EN 15302:2021

This document is a preview generated by EVS



EN 15302:2021 (E) 

5 

J.7.3 Numerical values for tanγe function ..................................................................................................... 91 

J.8 Modified Wheel B (−2 mm on left wheel diameter)/Rail A ........................................................... 93 

J.8.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................... 93 

J.8.2 Numerical values for Δr function ............................................................................................................ 94 

J.8.3 Numerical values for tanγe function ..................................................................................................... 95 

J.9 Modified Wheel H (−2 mm on left wheel diameter)/Rail A ........................................................... 97 

J.9.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................... 97 

J.9.2 Numerical values for Δr function ............................................................................................................ 98 

J.9.3 Numerical values for tanγe function ..................................................................................................... 99 

J.10 Modified Wheel I (−2 mm on left wheel diameter)/Rail A ......................................................... 101 

J.10.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................ 101 

J.10.2 Numerical values for Δr function ......................................................................................................... 102 

J.10.3 Numerical values for tanγe function .................................................................................................. 103 

J.11 (Right Wheel A – Left Wheel B)/Rail A ............................................................................................... 105 

J.11.1 Representation of contact points, diagrams of Δr, Δtanγ, tanγe functions and 
representation of kinematic rolling movement of the wheelset on track ............................ 105 

J.11.2 Numerical values for Δr function ......................................................................................................... 106 

J.11.3 Numerical values for tanγe function .................................................................................................. 107 

Annex K (normative)  Tolerances on equivalent conicity for testing calculations ............................ 109 

K.1 General .......................................................................................................................................................... 109 

K.2 Wheel A/Rail A ............................................................................................................................................ 110 

K.2.1 Diagram ......................................................................................................................................................... 110 

K.2.2 Numerical values ....................................................................................................................................... 111 

K.3 Wheel B/Rail A ............................................................................................................................................ 113 

K.3.1 Diagram ......................................................................................................................................................... 113 

K.3.2 Numerical values ....................................................................................................................................... 114 

K.4 Wheel C/Rail A ............................................................................................................................................ 116 

K.4.1 Diagram ......................................................................................................................................................... 116 

K.4.2 Numerical values ....................................................................................................................................... 117 

K.5 Wheel H/Rail A ........................................................................................................................................... 119 

K.5.1 Diagram ......................................................................................................................................................... 119 

K.5.2 Numerical values ....................................................................................................................................... 120 

K.6 Wheel I/Rail A ............................................................................................................................................. 122 

K.6.1 Diagram ......................................................................................................................................................... 122 

EVS-EN 15302:2021

This document is a preview generated by EVS



EN 15302:2021 (E) 

6 

K.6.2 Numerical values ........................................................................................................................................ 123 

K.7 Modified Wheel A (−2 mm on left wheel diameter)/Rail A ......................................................... 125 

K.7.1 Diagram ......................................................................................................................................................... 125 

K.7.2 Numerical values ........................................................................................................................................ 126 

K.8 Modified Wheel B (−2 mm on left wheel diameter)/Rail A ......................................................... 128 

K.8.1 Diagram ......................................................................................................................................................... 128 

K.8.2 Numerical values ........................................................................................................................................ 129 

K.9 Modified Wheel H (−2 mm on left wheel diameter)/Rail A ........................................................ 131 

K.9.1 Diagram ......................................................................................................................................................... 131 

K.9.2 Numerical values ........................................................................................................................................ 132 

K.10 Modified Wheel I (−2 mm on left wheel diameter)/Rail A .......................................................... 134 

K.10.1 Diagram ......................................................................................................................................................... 134 

K.10.2 Numerical values ........................................................................................................................................ 135 

K.11 (Right Wheel A – Left Wheel B)/Rail A ............................................................................................... 137 

K.11.1 Diagram ......................................................................................................................................................... 137 

K.11.2 Numerical values ........................................................................................................................................ 138 

Bibliography ............................................................................................................................................................... 140 

 

EVS-EN 15302:2021

This document is a preview generated by EVS



EN 15302:2021 (E) 

7 

European foreword 

This document (EN 15302:2021) has been prepared by Technical Committee CEN/TC 256 “Railway 
applications”, the secretariat of which is held by DIN. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by April 2022, and conflicting national standards shall be 
withdrawn at the latest by April 2022. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN shall not be held responsible for identifying any or all such patent rights. 

This document supersedes EN 15302:2008+A1:2010. 

The main changes with respect to the previous edition are listed below: 

— Extension of the Scope; 

— Introduction of new wheel-rail contact geometry parameters (rolling radii coefficient, nonlinearity 
parameter); 

— Additional methods for evaluation of equivalent conicity; 

— Improvement of the description of the reference profiles; 

— Additional reference wheel profile C; 

— Reference results based on analytical solutions; 

— Hints for plausibility checking of measured profiles; 

— Revised assessment of the smoothing process; 

— New assessment of the complete process. 

This document has been prepared under a mandate given to CEN by the European Commission and the 
European Free Trade Association. 

Any feedback and questions on this document should be directed to the users’ national standards body. 
A complete listing of these bodies can be found on the CEN website. 

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, 
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North 
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United 
Kingdom. 
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Introduction 

This document is based on the UIC Code 519 OR submitted to CEN by the International Union of Railways 
(UIC) and which has been revised by CEN/TC 256/WG 10 “Vehicle/Track Interaction”. 

The wheel-rail contact geometry is fundamental for explaining the dynamic running behaviour of a 
railway vehicle, as well as the quasi-static behaviour in curves. Among the parameters which influence 
the dynamic behaviour of a rail vehicle, the equivalent conicity plays an essential role since it allows for 
the satisfactory characterization of the wheel-rail contact geometry on tangent track and on very large-
radius curves. A wheelset describes a waveform while running on a track. Klingel’s theory, valid for 
massless wheelsets with conical profiles, states that the waveform is sinusoidal and its wavelength 
depends on the cone angle of the wheel profile. 

Real wheel profiles are not pure cones, but have changing cone angles across the tread, leading to a 
nonlinear dependency of the rolling radius difference on the lateral movement of the wheelset on the 
track. The wavelength of the wheelset movement according to the nonlinear kinematic equations of 
motion may be calculated by solving numerically this formula or by specific methods for linearization of 
the rolling radius difference function. Equivalent conicity is evaluated by comparison of this wavelength 
with the equivalent wavelength of a conical wheelset according to Klingel's formula or by calculating the 
conicity from the linearized rolling radius difference function. 

It is important to have a clear specification for the evaluation of wheel-rail contact geometry parameters, 
which are used in European and national standards and documents (legal and technical). 

The objective is to ensure that the results for the determined parameters are consistent. However, it is 
possible to use different evaluation procedures to those given in this document, provided that the 
procedure used leads to the determination of wheel-rail contact parameters in accordance with the 
calculation results using the reference profiles specified in Annex I. A validation process is given in this 
document to be used in order to determine whether or not an evaluation procedure can achieve the 
specified reference results. 

Technical background will be given in a Technical Report published after the publication of this 
document. 
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1 Scope 

This document establishes definitions and evaluation methods for wheel-rail contact geometry 
parameters influencing the vehicle running dynamic behaviour: 

— the rolling radius difference between the two wheels of a wheelset (Δr-function) which serves as a 
basis for all further calculations; 

— the equivalent conicity function from which are derived: 

— a single equivalent conicity value for a specified amplitude which is relevant for the assessment 
of vehicle running stability on straight track and in very large radius curves according to 
EN 14363; 

— the nonlinearity parameter which characterizes the shape of this function and is related to the 
vehicle behaviour particularly in the speed range close to the running stability limit; 

— the rolling radii coefficient which is used to describe the theoretical radial steering capability of a 
wheelset in a curved track. 

Additional information is given about the relationship between the contact angles of the two wheels of a 
wheelset (Δtanγ-function) and about the roll angle parameter. 
NOTE Out of the presented parameters only those related to the contact angle are relevant for independently 
rotating wheels of wheel pairs. 

Descriptions of possible calculation methods are included in this document. Test case calculations are 
provided to achieve comparable results and to check the proper implementation of the described 
algorithms. 

To validate alternative methods not described in this document acceptance criteria are given for the 
equivalent conicity function. This includes reference profiles, profile combinations, tolerances and 
reference results with tolerance limits. 

This document also includes minimum requirements for the measurement of wheel and rail profiles as 
well as of the parameters needed for the transformation into a common coordinate system of right- and 
left-hand profiles. 

This document does not define limits for the wheel-rail contact geometry parameters and gives no 
tolerances for the rail profile and the wheel profile to achieve acceptable results. 

For the application of this document some general recommendations are given. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies. 

EN 13231-2:2020, Railway applications — Track — Acceptance of works — Part 2: Acceptance of 
reprofiling rails in plain line, switches, crossings and expansion devices 
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