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National foreword

This British Standard is the UK implementation of EN 14531-2:2015. It
supersedes BS EN 14531-6:2009 which is withdrawn.

The UK committee draws users’ attention to the distinction between
normative and informative elements, as defined in Clause 3 of the
CEN/CENELEC Internal Regulations, Part 3.

Normative: Requirements conveying criteria to be fulfilled if
compliance with the document is to be claimed and from which no
deviation is permitted.

Informative: Information intended to assist the understanding or use of
the document. Informative annexes do not contain requirements, except
as optional requirements, and are not mandatory. For example, a test
method may contain requirements, but there is no need to comply with
these requirements to claim compliance with the standard.

When speeds in km/h require unit conversion for use in the UK, users are
advised to use equivalent values rounded to the nearest whole number.
The use of absolute values for converted units should be avoided in these
cases. Please refer to the table below for agreed conversion figures:

INS, RST and ENE speed conversions
km/h mph
2 1
3 1
5 3
10 5
15 10
20 10
30 20
40 25
50 30
60 40
80 50
100 60
120 75
140 20
150 95
160 100
170 105
180 110
190 120
200 125
220 135
225 140
230 145
250 155
280 175
300 190
320 200
350 220
360 225
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The UK participation in its preparation was entrusted by Technical
Committee RAE/4, Railway Applications - Rolling stock systems to
Subcommittee RAE/4/-/1, Railway applications - Braking.

A list of organizations represented on this subcommittee can be
obtained on request to its secretary.

This publication does not purport to include all the necessary provisions
of a contract. Users are responsible for its correct application.

© The British Standards Institution 2016.
Published by BSI Standards Limited 2016

ISBN 978 0 580 76219 2
ICS 45.060.01

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the Standards
Policy and Strategy Committee on 31 January 2016.

Amendments/corrigenda issued since publication

Date Text affected
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EUROPEAN STANDARD EN 14531-2
NORME EUROPEENNE
EUROPAISCHE NORM December 2015

ICS 45.060.01 Supersedes EN 14531-6:2009

English Version

Railway applications - Methods for calculation of stopping
and slowing distances and immobilization braking - Part 2:
Step by step calculations for train sets or single vehicles

Applications ferroviaires - Méthodes de calcul des Bahnanwendungen - Verfahren zur Berechnung der
distances d'arrét, de ralentissement et Anhalte- und Verzogerungsbremswege und der
d'immobilisation - Partie 2 : Calcul pas a pas pour des Feststellbremsung - Teil 2: Schrittweise Berechnungen
compositions de trains ou véhicules isolés fiir Zugverbande oder Einzelfahrzeuge

This European Standard was approved by CEN on 27 June 2015.

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, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and
United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2015 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 14531-2:2015 E
worldwide for CEN national Members.
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European foreword

This document (EN 14531-2:2015) 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 June 2016, and conflicting national standards shall be
withdrawn at the latest by June 2016.

This document supersedes EN 14531-6:2009.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports essential requirements of EU Directive 2008/57 /EC.

For relationship with EU Directive 2008/57/EC, see informative Annex ZA, which is an integral part of
this document.

This series of European standards EN 14531, Railway applications — Methods for calculation of stopping
and slowing distances and immobilization braking consists of:

— Part 1: General algorithms utilizing mean value calculation for train sets or single vehicles;
— Part 2: Step-by-step calculations for train sets or single vehicles.

The two parts are interrelated and should be considered together when conducting the step-by-step
calculation of stopping and slowing distances.

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

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, Former Yugoslav Republic of Macedonia,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.
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Introduction

This European Standard describes a common calculation method for railway applications. It describes
the general algorithms utilizing step by step calculation for use in the design and validation of brake
equipment and braking performance for all types of train sets and single vehicles. In addition, the
algorithms provide a means of comparing the results of other braking performance calculation
methods.

The EN 14531 series was originally planned to have six parts covering the calculation methodology to
be used when conducting calculations relating to the braking performance of various types of railway
vehicles under the heading ‘EN 14531, Railway applications - Methods for calculation of stopping,
slowing distances and immobilization braking’. The six parts were as follows:

- Part 1: General algorithms

- Part 2: Application to single freight wagon

- Part 3: Application to mass transit (LRVs and D- and E- MUs)
- Part 4: Application to single passengers coach

- Part5: Application to locomotive

- Part 6: Application to high speed trains

N 14531-1 was originally published in 2005 followed by [EN 14531-4 which was published in 2009.

Following the publication of these parts, it was decided that a common methodology could be used for
parts 2 to 5 and this should be contained under a revised version of Part 1 and Part 6 with a title of
‘Railway applications — Methods for calculation of stopping and slowing distances and immobilisation
braking — Part 2: Step by step calculations for train sets or single vehicles’ .

EN 14531-1:2005 and [EN 14531-6:2009 are referenced in the current TSIs (Freight wagons and
Locomotive and passenger RST). The tables of the Annex ZA give the equivalence of the TSI referenced
clauses of the original EN 14531 series to the clauses of this issue of EN 14531-1 and EN 14531-2.
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1 Scope

This European Standard describes the step-by-step method for the calculation of brake performance
utilizing time step integration which may be used for all types of train sets, units or single vehicles,
including high-speed, locomotive and passenger coaches, conventional vehicles and wagons.

This European Standard does not specify the performance requirements. It enables the calculation of
the various aspects of the performance: stopping or slowing distances, adhesion requirements, force
calculations, etc.

This European Standard enables the verification by calculation of the stopping and slowing
performance for high-speed and conventional trains operating on high-speed and conventional
infrastructure. It may also be used for the detailed investigation of stopping or slowing performance at
any design/verification stage.

The proposed method of this standard is based on a numerical time integration algorithm. The standard
explains a simple numerical integration scheme in order to provide a useful straightforward example of
the proposed method. Other numerical time integration algorithms exist, especially more accurate ones,
but they are not in the scope of this standard.

When such methods are used the order of accuracy that they achieve has to be in accordance with this
European Standard.

This European Standard also includes examples of distance and other dynamic calculations, see
Annex B.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

EN 14067-4, Railway applications - Aerodynamics - Part 4: Requirements and test procedures for
aerodynamics on open track

EN 14478, Railway applications - Braking - Generic vocabulary

EN 14531-1, Railway applications - Methods for calculation of stopping and slowing distances and
immobilization braking - Part 1: General algorithms utilizing mean value calculation for train sets or
single vehicles

3 Terms, definitions, symbols and indices

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 14478 and EN 14531-1] and
the following apply.

3.1.1
step-by-step calculation
numerical method with finite time steps

3.2 Symbols and indices

For the purposes of this document, the general symbols given in Table 1 and indices given in Table 2
apply.

Documents
6 Document Sharing Hub

Full document details: BS EN 14531-2:2015


http://dx.doi.org/10.3403/30100222U
http://dx.doi.org/10.3403/03268577U
http://dx.doi.org/10.3403/30127001U
http://dx.doi.org/10.3403/03268577U
http://dx.doi.org/10.3403/30127001U
http://www.avadocuments.com/doc/bs-en-14531-2-2015
http://www.avadocuments.com/doc/bs-en-14531-2-2015

Table 1 — Symbols

BS EN 14531-2:2015
EN 14531-2:2015 (E)

Full document details: BS EN 14531-2:2015

Symbol Definition Unit

A Area m?

a Deceleration m/s?

D Wheel diameter m

F Force N

F3 Braking force N

£ Acceptable deviation from v, used to stop the time step calculation m/s

n Standard acceleration of free fall = 9,806 65 m/s2 (refer to ) m/s?

i Gradient (rising gradient is positive; e.g. for a gradient of 5 %o, i = 0,005) -

ic Cylinder/unit ratio -

Irig Rigging ratio -

Itra Transmission ratio -

m Mass kg

n Quantity -
Pressure Pa

P Power of brake equipment w

r Radius m

s Distance m

t Time s

Wiy Energy dissipated by brake equipment ]

T Coefficient of adhesion -

U Coefficient of friction (brake pad or block) -

n Efficiency -
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Table 2 — General indices

Indices Term
ay Axle
a Available
B Brake/braking
BED Electro-dynamic braking force
C Cylinder/unit
dyn Dynamic
fin Final
e Equivalent
ext External
i brake equipment type
j Time step
max Maximum
n Nominal
Ra Train resistance to motion
req Required
rig Rigging
rot Rotating
st Static
tra Transmission
Oorl Initial

4 General algorithm to conduct a step-by-step calculation

The calculation is presented in a flow chart as shown in Figure A.1.

The algorithm uses instantaneous values which are calculated step-by-step. The numerical integration
shall be time-based as set outin 5.7.

The content of each algorithm, the corresponding definitions of input values and different phases of
calculation are given in Clause 5.

5 Stopping and slowing distances calculation
5.1 Accuracy of input values

The accuracy of the calculation described here depends directly on the accuracy of the input data.

The accuracy of the input data values shall be relevant to the purpose of the calculation and shall be
traceable as to how these values were established e.g. engineer’s estimation, test results,
manufacturer’s data. Supporting calculations or test reports (or extracts of these documents) should be
attached with the performance calculation where applicable.

Representative curves of the performance of a type of brake equipment e.g. electrodynamic brake, can
be determined by numerical or practical methods. The values can be given as a table.
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