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European foreword

This document (CEN/TR 17469:2020) has been prepared by Technical Committee CEN/TC 256 “Railway
applications”, the secretariat of which is held by DIN.

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.
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Introduction

The first railway accident due to the fatigue failure of an axle occurred on 1842, May 8th, in France, near
Meudon, on the Versailles-Paris line.

In those days, the fatigue phenomenon was unknown. This failure initiated numerous studies including
German Engineer August WOHLER works on wheelset failures at the end of XIX century.

In the middle of XX century, M. KAMMERER, an engineer working for French railways, established the
bases for the calculation of wheelset axles.

At international level, the report ORE B136 RP11 « Calculation of fret wagon and passenger coaches’
wheelset axles » was edited in April 1979, using in particular the French approach.

This document allowed editing on 1994, July 1st of UIC leaflet 515-3 «Railway rolling stock - Bogie -
Running gears - Axle calculation method».

The first edition of the European Standards about design of axles occurs on April 2001 (EN 13103 for
non-powered axles for powered axles).

The ongoing European standardization has allowed the merging of EN 13103 in only one standard
(EN 13103-1 Railway applications - Wheelsets and bogies - Part 1: Design method for axles with external
journals) and the creation of a new Technical Specification about internal journal (CEN/TS 13103-2
Railway applications - Wheelsets and bogies - Part 2: Design method for axles with internal journals).

All these documents, including M. KAMMERER’s work up to EN 13103-1 and CEN/TS 13103-2, use the
beam theory calculation method. The stresses taken into account are then the nominal stresses. The
fatigue limit is determined from full scale tests in which nominal stresses are taken into account.
Concentration factors are defined from tests to consider the local geometry and to increase the nominal
stress locally. The method is quite simple, with no need of sophisticated calculations or dedicated
software.

On another hand, in the middle of XX century, the need in mechanics to have a tool to calculate
complicated parts lead to the development of the finite element method.

Along with the theoretical study of this method, the use of new mathematical objects and the growth of
calculation capacities of computers, the finite element method raised to a large and common use in
design.

The stresses then calculated are local stresses, and not anymore nominal stresses, and the fatigue limit
to be applied with this methodology are based on local stresses.

In the Euraxles project, the objective was to propose the use of a new assessment method based on load
measurements, finite element method, experimental fatigue limit and new safety concept for the design
of axles in particular for axle designs requiring more complex geometries. This design procedure is
different from today’s proven methods given by the EN standards and not in a status to substitute them.
Nevertheless, it was considered interesting to gather the Euraxles project results inside this Technical
Report. The content should be considered as partial and only for informative uses at this stage. For
example, the reliability of the input data, the variability of parameters, boundary conditions and the
confidence in the partial results should be assessed at full extent.

Where relevant, CEN TC256/SC2/WG11 comments and responses to preliminary enquiry inside the
community were inserted for additional use for the reader, as Observations of CEN/TC 256/SC 2/WG 11.
Besides, a general recommendation of use has been drafted by WG11 members in chapter 9.

This new method is described in this Technical Report in order to allow the possibility for wheelset
designers to apply it and to collect return of experience for further improvement.
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Work Program summary

Clause 4 deals with the definition of a new fatigue design method which enables to assess the in-service
reliability of axles with regards to fatigue failure. The proposed approach, based on the “Stress Strength
Interference Analysis” (SSIA) and the “Fatigue-Equivalent-Load” (FEL) methods, aims at estimating the
probability of axles’ fatigue failure by characterizing the variability of in-service loads and the scatter of
the axles fatigue strength.

First of all, the main lines of the SSIA method are recalled. This method aims at evaluating the in-service
reliability of components for their design or their homologation. In the second part, the fatigue load
analysis method that is proposed for railway axles is described. It starts with a post-processing of an axle
load measurement: from a time signal of forces applied to both wheels fitted on the axle, fatigue cycles of
bending moment applied to the axle are identified and transformed into a cyclic equivalent load, Meq,
which is a measurement of the severity of the initial variable load. Then, virtual but realistic load spectra
are generated, thanks to a classification operation followed by a random draw of elementary load data
that considers the operation and maintenance conditions of the axle. All the spectra are then analysed
with the FEL method in order to build the distribution of in-service load severities. This distribution gives
a picture of the stress to which the axles are submitted. In the third and last part, the methods are applied
toreal data of SNCF. Sensitivity analyses are performed in order to quantify the effect on Meq of variations
of parameters and to verify the convergence and robustness of the process. Finally, results obtained for
a passenger coach are given. The comparison between the distribution of load severities and the
normative load, defined as according to standards EN 13103-1, shows that, for the studied axle, the
normative load is very conservative. Finally, using the axles fatigue limits identified on full-scale tests, a
Stress Strength Interference Analysis is performed to calculate the probability of failure of the axle.

Time signals of
* wheel/rail contact forces
* vehicle speed

Axle geometry
Load
analysis
’ Time signals processing procedure ‘ v
| Total bending moment spectrum ‘
’ Classification procedure ‘ Circulation conditions
- - (distributions of track
Classified bending moment curvatures, vehicle velocity,
spectra loads...)

‘ Generation of load spectra procedure ‘

Virtual representative bending moment

spectra
Reliability
| Fatigue equivalent load calculation | assessment
‘ Distribution of equivalent loads ‘ | Axle geometry
—_ B Distribution of fatigue
Distribution of stress amplitudes, including FEM limit of the steel grade

analysis for SCF evaluation (Chapter 4)

| Probability orfrféilure ofthe axle

Figure 1 — Flowchart for load analysis and reliability assessment
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Clause 5 concerns the mechanical modelling of an axle and defines a procedure to obtain local stresses
from the applied loads.

The characteristics of the finite element models to be applied to railway axles are analysed in terms of
element definition, convergence analysis, boundary conditions. A parametric analysis was performed to
assess the applicability of the models. The numerical models generated were validated through the
comparison with experimental results coming from full scale fatigue tests. Finally, a methodology to
design axles using modelling tools as a complement to current European norms is proposed looking for
a compromise between the computational effort and the results obtained.

* Axle geometry
* Wheelset geometry
¢ Material steel grade

* Loads (acc. to EN 13103-1)

{ Axle Calculation I

Nominal stresses, on,
calculationacc.to EN 13103-1

SCF calculation ¢ Numerical models
* Ktel * Analytical equations
Local (pseudo-)stress ¢ Fatigue limits
calculation, od = Kt,e1*on * Safety factors
No Calculation of allowable
stress, of
| Yes

‘ Axle geometry accepted ‘

Figure 2 — Flowchart for modelling

The main scope of Clause 6 is to provide the fatigue limits for standard steel grades considering also the
effect of surface conditions that may be different from the normal newly machined axles, like surface
corrosion that can appear during the service or surface blasting as a method to improve paint adhesion.

The areas of the axles considered were the free body transitions or groves and the wheel seats where at
high bending rates relative micro slips take place generating the so called fretting fatigue phenomena.

The paper provides in the conclusions a comparison with the fatigue limits that are today included in the
European Standards.

Another aspect that is treated in this work is the stress concentration effect that takes place along the
transitions where the body fatigue limit is verified. These parameters were measured by strain gauges
during each test and used inside the Euraxle project to validate their estimation through FE model
calculation.
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Full scale
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Figure 3 — Full-scale and small-scale fatigue tests
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1 Scope

This document presents the stage of knowledge resulting from the Euraxles project about the design of
the axle, and further steps to be taken.

It is the support:

- to define the loads to be taken into account;
- to describe the stress calculation method using finite elements and the validation processes associated;

- to specify the maximum permissible stresses to be assumed in calculations and the safety factors to be
used.

This technical report is applicable for:

- wheelset Axles defined in EN 13261 as “pure wheelset”;

- other axle designs such as those encountered in particular rolling stocks e.g. with independent wheels,
variable gauges, urban rail...

This document has not for aim to replace EN 13103-1 and CEN/TS 13103-2 but to present a
complementary method to the existing ones.

2 Normative references

There are no normative references in this document.

3 Terms, definitions, symbols and abbreviations
3.1 Terms and definitions

No terms and definitions are listed in this document.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.2Symbols and abbreviations

FEL fatigue equivalent load method

SSIA Stress Strength Interference Analysis
KMR Consequent Miner Rule

FEM Finite Element Method

Nomenclature is given in Table 1.


http://www.electropedia.org/
https://www.iso.org/obp/ui

	undefined
	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviations
	3.1 Terms and definitions
	3.2 Symbols and abbreviations

	4 Loads
	4.1 Reliability analysis based on the Stress Strength Interference Analysis method
	4.2 Fatigue load analysis method
	4.2.1 General
	4.2.2 Load signals processing and Fatigue-Equivalent-Load
	4.2.3 Method to generate the distribution of in-service load severities

	4.3 Fatigue reliability assessment of a railway passenger coach axle
	4.3.1 Load measurements
	4.3.2 Load spectra classification and generation and distribution of load severity
	4.3.3 Estimation of the probability of a crack initiation


	5 Modelling
	5.1 General
	5.2 Stress concentration factors
	5.3 Length of the transition
	5.4 Numerical modelling of axles
	5.4.1 Development of numerical models and validation
	5.4.2 Analysis of mounted components
	5.4.3 Modelling recommendations

	5.5 Axle calculation method

	6 Fatigue limits
	6.1 Testing method principals
	6.1.1 F1 tests
	6.1.2 F4 tests
	6.1.3 Fatigue limit estimation

	6.2 Test plan
	6.3 Axle body fatigue limit results
	6.3.1 F1 standard surface – transitions and groves (EA4T axles)
	6.3.2 F1 Blasted surface – transitions (EA4T axles)
	6.3.3 F1 Standard surface – transitions (EA1N axles)
	6.3.4 F1 Corroded surfaces – transitions of unpainted axles

	6.4 Axle press-fit seat fatigue limits (F4)
	6.4.1 Diameter ratio = 1,12 (EA4T axles)
	6.4.2 Diameter ratio = 1,08 (EA4T)


	7 Safety factors
	7.1 Aims and problem statement
	7.2 Probabilistic fatigue assessment
	7.2.1 Failure probability under constant amplitude stress
	7.2.2 Fatigue damage under VA loading
	7.2.3 Bignonnet method

	7.3 Input data for probabilistic fatigue assessment of railway axles
	7.3.1 Definitions of reference S-N diagrams
	7.3.2 Miner Index at failure
	7.3.3 Target reliability and failure rate for railway axles

	7.4 Probabilistic fatigue damage calculations for railway axles
	7.4.1 Format for the calculations
	7.4.2 Montecarlo simulations
	7.4.3 Stress spectra

	7.5 Results
	7.5.1 General
	7.5.2 Safety factor and reliability under constant amplitude stress
	7.5.3 Safety factor for damage calculations


	8 Conclusions of Euraxles Project
	9 Recommendations of CEN TC256/SC2/WG11
	Annex A  (informative)Application example of the axle calculation method
	A.1 General
	A.2 General descriptions
	A.3 Load distribution
	A.4 Results according to EN 131031
	A.5 Design of EURAXLES method
	A.6 Comparison of results


