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WIDEM'’s Strategic Objectives

- Creation and validation of an innovative and riggronethodology to design wheelsets

- Endurance strength design approach for wheels glesg avhich will lead to an optimisation of wheelset
geometry, a reduction of un-sprung masses and @ms&n of maintenance intervals while meetingeasing
safety and service requirements

- A new wheelset maintenance strategy based on meotgadely defined inspection periods through theafs
new NDT devices for railway (Compensated Reson&ystem)

- Optimise the design and maintenance of wheelsetseduce Life Cycle Cost. Wheelset loads will be
measured and used to develop design guides foarkes and optimise testing regimes for existingsxI

- The ultimate goal is to increase the competitiveneapacity and availability of European railwagducts

in the wheelsets area

General project information

WIDEM is a partly EU funded research project (Sfiediargeted Research Project - STREP), the othiieing
funded by the consortium partners The project estlait January 2005 and will end in December 200 Aftotal
duration of 36 months. WIDEM is coordinated by Liict with the assistance of UNIFE. There are 10sootium

partners
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Introduction

The economic efficiency and competitiveness of ribetransportation mode depends on safety, avtialand
maintenance of its individual highly loaded compasesuch as railway wheelsets.

The WIDEM research project, partially funded by &pegan Community in the 6th Framework Program, dons
improve efficiency and competitiveness through rrdamental re-examination of wheelset design, whicturn
will facilitate improved maintenance practices.

Combining inputs from reliable service measurenwnivheel-rail forces carried out by means of anoirative
instrumented wheelset and extensive assessmeatuall anaterial properties, an original enduranoengjth design
concept is developed and validated through a camemisive testing programme on full scale wheelsstopypes.
A flexible multi-body numerical tool is also prombto address high dynamic loading conditions #sence of
wheel/rail discontinuities like wheel flats or sghies. In this way possible exceptional loads linkegossible
geometrical irregularities ere considered in thel@ation of the life load spectra.

Additionally, the project addresses NDT (non-degtwe testing) techniques applying methods to eatalithe
crack size probability of detection (POD).

Such information together with results from fulbse crack propagation tests and measured loadrapeititbe the
basis for setting up a schedule for NDT periodigigpection.

The research work will lead to the definition of eetset design and testing procedures and maintemaathods
to be implemented into existing standards.

This newsletter gives an overview of the progr@ssesthe project start at the beginning of 2005.

Background information

The WIDEM project is in principle a re-examinatiohthe basic information necessary to design aridate a

railway wheelset and to manage the maintenancenadeas that in some way are related its desigariit

The idea of starting this project was stimulatedhmyapplication of the new European design Statsdar

As the verification of full scale fatigue limits ofheels and axles become mandatory, testing methods
interpretation methods of the results were notndefi or in general were not homogeneous throughueit
European Laboratories.

The technical information that can be found in tleev European Standards comes from the previousndi@s;

for example, in the case of axles, is based orsthealled A1N steel grade extensively tested inptst 70’s by
SNCF laboratories.

Over the past years these norms were surely prioviea safe when using this kind of steel grade.

In the last 20 years many new vehicles were pu s#rvice with higher and higher speeds. Vehicléghte

reduction, become a must for the majority of theogaan train manufacturers.
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Already in the 80’s in ltaly, the former Fiat Feviaria (now part of Alstom Transport) started tdugt with
Lucchini to use an alloy steel grade (30NiCrMoVid)the new axle of the first Italian Tilting Train

In this case design methods based on the manufegtimternal experience were used to handle thiterial.

Also in this case the applied design was provereteafe by years of service.

The new European Standards enable the use of alatéifferent from E1N, but not so much of the $ate
experience and knowledge in using new material inndesigning new advanced vehicles was considetezhw
writing these norms.

For the above mentioned reasons, today, from aalopaint of view, it becomes difficult for the dgseer to define
more precise load spectra and material charadosritat can be accepted by an authority respansibbpprove

the qualification of a new component.

Pag. 6/32



wmﬁ))

W
\I“"I"

Impacts of the Project objectives on Industry - Pait of view of the System integrators

Objective

The objective of this paper is to define the impeEdVIDEM on the system integrator side.

The expected benefits which can be obtained aeslaction of the wheelset mass of 20% and an inerebthe
periodicity of the ultrasonic inspection from 30000to 450.000km. Are these results useful for thstesn

integrator? The impact is to be considered at cocsdn, operation and maintenance level.

State of the art
For the integrator the first issue concerning wheiels safety :
The existing referential wheelset standards in pean Community is more or less issued from repfrSRRI
B136.
These design rules are all issued from the expmgief the railways administrations however theradsdirect
notion of reliability in the global axle assessnserdesign rules are based on a pass or fail ajtaithough
reliability notions are present in the admissilitesses for the axle. It means that a non compiavith a criteria
is a non acceptance of the corresponding product.
For example for axle:
- A method to determine the efforts applied on th&e,agorresponding torques according rolling stock
parameters.
- Recommendation on the axle :

= geometry of the axle shape.

» Press fitted interface requirement.
- Value of admissible stress for one material ancethod for these values determination.
It means that a new global method of wheelset deshigll be compared accurately and validated aswptd the
existing referential. It is one main interest of #EM project to give a global method of designing amaintaining
a wheelset.
Link to safety are based on compliance with théesté the art standards and not to forget, thdfioation and
acceptance procedure throughout EC is an impottang for integrator because rolling stock haveb®
interoperable and developments are less and leasdd on one customer.
Up to now acceptance procedure are not the sanoedatg the operator EU. It is based obviously aefarence
of common standards, however some points are cémabley operator technical specifications. It medad for
the same application wheelset are different acogrdountries on one hand and certification cogsraportant on
other hand.
For the system integrator, the second issue isgo#itock cost according to customer technical ifipation of
performance. The cost is obviously the cost ofrtiiing stock itself however also the impact on Hystem i.e.

operation and maintenance.
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The saving of mass is and important issue for aystéegrator, the assessment of the project is :

- at constant safety we save 200kg.

( what does “at constant safety” means exactlyyb8acause we have now no safety criteria in tefrfaure
probability ).

This mass has an influence at two levels : ovenakises of the rolling stock ( axleload) and ungpraasses.

Overall mass of rolling stock

Wheelset has a medium impact on the axleload andhdes saving can be used by system integratoifferedt
ways. We will take an example of a 15t axleloadiclen200kg per wheelset represents a mass savifi3%.
Three possibilities is offered to the integrator :

- to decrease axleload of the rolling stock whiclinieresting for the life cycle cost of rolling stoand
tracks.

- to increase payload staying with the same axleldadh is interesting for the operators.

- to decrease the rolling stock cost by avoidingde expensive light material instead of conventicteg!

mainly in the carbody interior or sometimes lighdw parts in the bogie.

Cost of the vehicle

Concerning the cost of the wheelset mass savingidgiave a positive impact however difficult to eaae.
An important point for the system integrator istiem in the state of the art. The wheelset stamgiidn can be
applied at several levels : interoperability inéed, acceptance criteria and certification, paterface and parts all

these aspects particularly at component levebstansation is a driver for reducing constructiostc

Life cycle cost
This cost is shared in two parts infrastructure eperation.

Infrastructure, track damaging criteria

The track damage is function on one hand of theécatiforces on the track generated the rollinglstwhich are
related to axle load.

Axle load in vertical direction

Guiding forces in the wheel rail contact plane.

Wheel wear is related to the energy dissipatedhéncontact patch, usually expressed as the pradube creep
force (T) and the creepag@.(The creepage is mostly depending on :

- the position of the wheel in the track ( yaw angled offset) which is related to the links between
axleboxes and bogie frame).

- the wheel and rail profile.
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- the wheel rail friction coefficient.
If we consider a given configuration of primary gession, wheel rail profile and friction coeffictem parametric
analysis in quasistatic curving in 300m curve shtvas variation of 10% or —10% of non suspendedsnas this

case 1446 Kg ) doesn'’t gives any significant resialt guiding forces and track shift forces. Sd@et®.1.2

Vehicle configuration Guiding force variatipfrack shift force Profile wear variation in
in % variation in % %

Reference 1 1,00 1,00

Unsprung mass +10% 1,05 1,01 1,01

Unsprung mass —10% 0,95 1,00 0,99

Cx & Cy new* 1,14 1,05 1,05

Unsprung mass +10% 1,18 1,06 1,05

Unsprung mass —10% 1,07 1,04 1,04

Table 8.1.2

* Cx and Cy are primary longitudinal and lateraffisess.

Life cycle cost, operation cost.

Wheel wear

Wheel wear as seen in the next paragraph this 1086 @nly small variation of this index. A variatiof the
primary longitudinal and lateral stiffness has rarf@re important impact.

One important point concerning wheel life cycletasghe wear radius of the wheel which is gengriaditween 30
and 40mm ( 50mm in extreme case). The mass saampe used to increase admissible wheel wear radiysf

low part gage constraint and other integration tamg concerning transmission and braking ... akenainto

consideration in the vehicle design.

Maintenance parts

For rolling stock maintenance the cost and redoatioparts number is an important issue.
Modbogie subproject had treated partially this ¢opi maintenance parts standardisation which ircdweheelset

and gives some recommendations for Interoperabte $peed train and locomotive applications.

Braking
The impact of braking energy given by a mass deered 200kg per axle is existing however seemsttol in

term of friction wear and life duration even if theass considered is rotating.
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Energy
Concerning energy consumption, to find relevantiimiation is difficult. One Figures, written in apgea of British

railway review “Modern Railways May 2008: Vol65 NG p59, comes from one operator lan Walmsley who is
Engineering Development Manager at Porterbrooke fitlowing evaluation was :the energy needed to carry
around one tonne of train mass for 100 miles isuat®4kilowatt hours. This translate to aba®00 per year to
which we need to add the track access charge whiahother£576 per tonne and per yéar

Unsprung mass saving

Track damaging criteria

The main damage to the track is the dynamic etdéd¢he unsprung mass which is named the “hammes’blo
effect and cause large impact forces. These farcesrs in vertical when there is a track local defe a flat on
the wheel surface and in lateral at discrete ewghen there is a change of direction ( switchessing,.

On a theoretical point of view this point was teshformerly by British Rail with a simplified vecal model

named P2.

Tim.é
PO is the static load of the wheel, P1 the firsikoehich appears in the gradient discontinuityhis wheel rail
effort taking into consideration the herzian s&f$s and P2 the second peak taking into considertim track
stiffness including rail, sleepers and ballast.

P, =P +2aV | x1-— T I fkm,
m, +m 4k (m, + m
Where l
20 = the total joint angle (radians)
v = the vehicle speed (m/s)
Kk m
H

= the Hertzian contact stiffness (N/m)

2y
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m = the effective track mass (kQ)
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€ = the effective track damping (Ns/m)

K, = the effective track stiffness (N/m).

For the lateral impact the same approach exists.

F = (1—%Jav\/m

Where

a = the kink angle (radians) (change of direction)
\ = the vehicle speed (m/s)

m, = the vehicle unsprung mass (kg)

K, = the lateral track stiffness (N/m)

C = the ratio to critical of the track damping

In both model the effort is depending on the squaot of the unsprung mass.

In the same vehicle and track configuration, if eamsider variation of + or —10% of unsprung mass, have
roughly +/-5%. This value has no direct significatiin term of cost. The important aspect after ¢hsisnple
theoretical consideration is the impact on the whad track wear.

These aspects are related to the global systenhichwehicle track interface in given conditionsopferation are
in study especially in UK. Vehicle track interfasgrategic model have been developed to evaluateyltiml
impact on wear and rail contact fatigue ( RCF). Sehetudies will without any doubt have an impacttrack

access charge in the next years.

Increase of US inspection periodicity

Maintenance

The impact of WIDEM is to increase the periodioity axle US inspection. The result is to an increaS¢he
periodicity of the ultrasonic inspection from 30000to 450.000km.

This inspection in workshop need at minimum :

- to disconnect device fixed on the axlebox end cover

- to dismount axlebox end cover, remove seals . artl equipment device WSP and axle end cup on one
or two sides of the axle depending on the case,

- to make the US inspection,

- to remount the parts and change the seals andmecioine device.
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This operation need for a trainset of approximyagn average of 16 man hours and a one day ttainse

[
W

immobilisation in shop.
In addition, to increase the periodicity of US iaesfion brings more flexibility to maintenance antbw to

optimise it by doing other operations.
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WP1 The accuracy in measuring wheel-rail dynamic lads

Main task

Measuring wheel-rail dynamic loads is today a \agwproximate exercise because of: inadequate teayof the

instrumented wheelset (telemetry, data processmgsalf powering) static calibration of the measgrsystem
which does not reflect the actual service cond#ion

The WIDEM project has developed an innovative maaguwheelset made of up to date wireless datagssing

and transmission technology. A dynamic calibrat®merformed by using a unique roller rig on whieimning

conditions near to reality can be simulated.

A mathematical calibration approach enables to thenmeasured strains into vertical, lateral andjitodinal

force components by optimising a transfer matrix.

The final result is the possibility of improving cinerifying the actual accuracy of the measurirgtesy, together

with a robust telemetry data transmission system.

Main achievements

In this Work-package two different instrumented esets were prepared, calibrated on the Lucchitérroig
BU300. One wheelset was an Alstom Pendolino ETR4&Ger wheelset and the other one was a 30tomgtitei
whelset.

POLIMI and Lucchini, have developed a new real-timeasurement methodology of wheel — rail contactef®
based on the acquisition of axle deformations heibhandwidth of about 70Hz.

Specifically for the Pendolino wheelset, Alstomtailed on the wheel webs a measuring system foeviaguation
of lateral forces acting on each wheel.

The measuring system consists in a particular egpdin of the existing measuring system (alreaey ux/ Alstom
for several years) that should improve the accucddtlge measurement.

All together there are 30 strain gauges channeigsiiserd by a telemetry system. Together with a tiawmial
analogue-multichannel telemetry, an innovative based on digital transmission is developed to ivmprdata
transmission robustness.

The innovative calibration procedure applied with toller rig enable to optimize the accuracy ef theasurement

system reducing errors related for example to #r&ation of the wheel / rail contact point.
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BU300, the Lucchini full-scale wheelset test righwi

the Czech Pendolino instrumented wheelset durifigretion tests.

WP2 Wheel-Rail load test campaigns

Main Tasks
The main task was to collect load data for twoeddht vehicles to be used as a basis for the tefindf load
spectra.. The results are intended to become tie fma defining a common standard method for tbindion of

wheelsets load spectra to be used in the desigimahd service-NDT periodicity evaluation.

Main achievements

The first innovative instrumented wheelset devetbipeWP1 was mounted on a Czech Pendolino vehidd@ad
measurements together with accelerations, speeds&%1 coordinates were recorded on various Czebhiasai
routes across the country. Additionally, speciéists were performed on the VUZ railway circuit ltageVelim.

Here, loads were measured in presence of switchaibslefects and artificial wheel flats made on iftrumented
wheelset.

VUZ was involved in the organization of the in deevtests with the Czech Pendolino Trainset altreg@zech
railway track and their unique railway testing aitc

To evaluate the corresponding load increase dugetmnetrical irregularities of the wheel, artificidéfects on
wheels rolling surface were produced.
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Czech Pendolino trainset

Wheel / rail load and acceleration Switch profileasurements

measurements during passage over switch

The second test campaign will be performed in Swextethe MTAB heavy haul vehicles from Kiruna toriNi.
With its current fleet of locomotives and cars, MBAas a mine-to-harbour freight capacity of morantt23
million tonnes per year. This corresponds to aio@MO fully loaded ore trains per year. Advancemmé@mtolling-
stock technology mean that the chain of ore loggstian be utilised with greater efficiency, witikdmotives that
can haul longer, heavier trains. The objective educing transport costs is achieved by investinghémv
locomotives and cars with a 30-tonne axle load. 3éeond instrumented instrumented wheelset was t@dwm

one of these vehicles to measure load spectrasettather quite extreme conditions.

One of MTAB cars with 30 tonne axle load
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Following the measurement campaigns, a specifizvaoé was developed to extract the measured stoairthe
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axle and calculate the contact forces on the wimmemal, longitudinal and lateral forces) and isegond step, to
detect in the measured signals when the vehicleinvascurve and when it was in a straight line with help of
the gyroscope signal.

The software is able to calculate the radius ofcilm¥es with the value of the yaw speed and théclekelocity.
With these elements in hand, the software canheusignal following depending on the kind of rurqhocondition
(curves left or right, radius and non-compensataglaration; straight lines of different speed;sprece of defects
of different speed).

For each running condition, the software is thele & compute load spectra. The load spectra istaliition of
the number of wheel rotations that the wheel unoiesgfor different vertical/lateral load combinatiand is
presented as a matrix of values where the valethare/heels rotations and the indices corresponettical and
lateral load level. An example of load spectraiigeg on the figure below. It comes from measurennthe
Pendolino train for a right curve with a radiusvbe¢n 300 and 600 m and non-compensated accelelsiaeen
1 and 1.5 m/s2. The picture above is the load sp@cbn the left wheel and the picture below isldas spectrum
on the right wheel.

This information is then used in the new designhmétof railway wheels.
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w10 line intesta: Loadspectrum 1 of class number B

w10 line intesta: Loadspectrum 2 of class number B

Example of load spectra for a right curve on thedeéno train (right wheel above, left wheel below)
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WP3 Improving Flexible Multibody Models to understand the vehicle track interaction

Main tasks

In this workpackage, POLIMI further developed thielexible Multibody Vehicle model which is now altizke
into account the deformability of both the wheedsatd the bogies as well as the carbody and tble tra

While the deformability of wheelsets, bogies andoody is taken into account through a modal supstipa
approach, the deformability of the track is accedrfbr through a FEA model of the railroad.

Together with concentrated defects, the passagwitches represents the most challenging servioditton for
the wheelset, in terms of peak values of wheeleiltact forces. Therefore, the correct simulatibtihese running
conditions assumes critical importance in ordeefwoduce correctly the extreme values of the kpttra.

Also, these are the loading conditions that shanhighest sensibility to track flexibility.

From a more general point of view, this modellingrivaims to establish the effect of wheel and daflects on
wheel-rail contact forces, in terms of dynamic afigation factors expressed as function of a spegéometrical
parameter describing the defect and as a funcfispeaed.

Tests performed on the Alstom tilting train will thee basis for the validation of this kind of mdutey.

Finally, validated Flexible Multibody Vehicle modethould become a tool to evaluate correction®tagplied to
nominal load spectra to be used in the designwheelset which includes possible high loads thatlsa found

during the life time of this component.

Main achievements

The Flexible Multibody Vehicle model was validabedugh the measurement performed during the tespamns
and is now able to simulate both straight/curveatkrrunning and the transit over concentrated tefewd/or
switches thus allowing to determine load spectrtn@fcontact forces in any working condition.

The model was then used to determine load speé€ttheocontact forces in working conditions that verot
possible to be measured during the experimentapa#n; in this way it was possible to estimate Iepdctras for

the design that could be representative of the tetmfife of the wheelset.
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WP4 The assessment of material properties

Main tasks

the main task was to define a precise procedupetiorm full scale fatigue tests on wheel and axld® reason
for this was that different laboratories through&utrope perform tests in different ways and resaitts the not
always comparable.

Testing experience form the past years plus a lmeadbwith other laboratories has enabled the dedimiof all

the relevant parameters referred to the componeaingtry, the measurement of the load, and thestitati
evaluation method of the test results.

From a research point of view much work is ongdiagdescribe better the fretting fatigue phenomeméchv
depends on many parameters that are not carefofigidered in the norms: hub thickness (h), interfee (i),

contact pressure (P), slip (s), axle seat lengihdkle diameter ratio (D/d), axle bending momewij, (nominal

longitudinal stressa(), real longitudinal stress due to bending momept (

The following scheme shows how these parametenekated.

constant parameters
on the FEM analysis

Lucchini fatigue test rig for axles Example ottirey fatigue crack
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Main achievements

0

The possibility of combining full scale experimdniatigue tests results together with FEM modelsresenting
the actual longitudinal stresses and micro-sligs/éen hub and seat can enabled the definitiondefsiggn criteria
against fretting fatigue.

By changing the main geometrical configuration (Daifferent configuration limits oé, and s can be found and
from there a theoretical area of permissilbleg ) couples could be defined.

This work was performed for AIN and A4T and 30Ni@W12 steel grades.

Full scale tests were brought over on the Lucctest rigs to find the fatigue limit at 1@ycles for different
diameter ratios with the aim of validating the abalescribed fretting fatigue model and of definthg “D/d
border”: below this value cracks will appear on #xée seat, above this value cracks will appeatherbody fillet.
Such value will increase with the fatigue resistant the steel grade so that it will be appropriatelefine the
optimal D/d for each kind of material.

In addition to the above work, a further charaztgron of the material enabled the definition af Wohler curves.

to enable the application of typical endurancegtesiethods based on Miner counting methods.
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WP5 Development and validation of a new design metkl for wheelset

Main tasks

With the aim of optimising wheelset geometry, a réwsign procedure was defined. Taking advantageeof
inputs such as life-representative load spectra aotdal material fatigue data, first stresses bl calculated
according to standard principles and then fatigyeles accumulation theories will be added according

Endurance Design Concepts.

Main achievements

This endurance design procedure, based on loadra@ew the material Wohler curves, is an alteveati
method to the standard method defined by UIC510.5.

The design procedure makes use of a FEM modeinfesl to which load spectra are applied.

The load spectra is a statistical distribution eftical and lateral load combination acting on a&®lhthe
values of the distribution are the number of whe&tion cycles.

A load spectra is defined for each running conditilbat are basically 4: straight running, flangeviwg
(outer wheel), no flange curving (inner wheel), tsWicrossing.

The FEM model defines the relationship betweenlsingit loads applied on the wheel tread and the
stress in the various wheel nodes.

The application of the new procedure shows thiatpobssible to reduce the wheel weight of at 16861

It should be underlined that the load spectra ursekle calculation is representative of the Czexihvay
lines and of the Alsto Czec Pendolino trainset.

For a more general application of the procedurdifferent railway lines, the load spectra calculiater
each load case can be reassembled consideringthelistribution of straight line and curving rungin

conditions.
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WP6 The probability of detecting cracks in wheelset

Introduction

Metallographic analysis made on fatigue cracks ftested axles, show that the initiation is gengriaim internal
defects with a dimension of 20 — 10@.

Kitagawa-Takahashi diagrams experimentally deteechiny means of fatigue tests on artificially miomtched
specimens, show that the fatigue limit are stridpendent on the dimension of defects.

On the other hand, NDT inspections made duringnhaufacturing process or in service are not abldentify
defects or cracks smaller then 1mm. For this red$Di inspections are required with a certain peaiby
throughout the life service of a wheelset.

The possibility to define the reliability of diffent tests (Ultrasonic, Magnetic or Eddy currents)he first
information that is needed in a procedure to defigeoptimal inspection interval for an in serviehicle.

Two very different questions can be raised atpbist:

What is the largest crack that the NDT equipmerit mat be able to see; on the basis of this dinm@mstrack
propagation criteria are applied to determine émeaining life.

What is the probability of not detecting an exigtitrack and how this probability can be compareith Wie cost
limits put on railway accidents. This probabilityilwdecrease by increasing the inspection peridgior by

improving the inspection method.
Main Task
The main task is to establish the POD for diffei@spection methods. and evaluate possible neviciees like

the compensated resonance inspection method.

Main Achievements

TWI produced POD curves by performing inspectigige®n both fatigue tested axles and real in-sersiacked
axles. Collection of the latter was very difficulortunately because it's a very rare event Howeagles from
service have been collected in the UK and in Geym@ther axles with flaws have been produced inLilechini
fatigue test rig.

The verified methods were AC, Potential Drop, Ptaseay Ultrasonics and Time of flight ultrasonicssize the
cracks and then the use of representative onrsipections to establish the probability of detectio

An example of the MPI indication of the crack anB@D curves are given in following figures.
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Typical Crack in Darmstadt axle POD Curves produced

The main trials for the solid axles and the tr@isthe Lucchini axles are planned for autumn 2006.

D2S implemented a through a simple vibration testis with artificial excitation and a complex arsayof the

collected data in the high frequency range (10438) are able to detect changes in the vibratospoase of the
structure and to correlate these changes to tlsepee of cracks.

D2S has integrated the ARTEMIS instrument withi@ sicope of the project. It includes the artifi@atitation, the
measurement tool and the analysis methods basedvirational behaviour.

The ARTEMIS has been used to successfully ideotiigked wheelset axles. The instrument has langebiiies

for defective parts detection in following sectasrospace, oil, energy and transportation.

WIDEM 19/06/2006 D2S-International: Axles Luchinni
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WP7 The periodicity for in service NDT inspection

Main Task

The determination of the optimal inspection perggliis quite a new subject for the railway compaise

This is the final work package in the project aeduires data from all the other work packages.

The WIDEM project aims to put together all the imfation that are necessary to perform this evaloati

These include a knowledge of the actual load spetitat the wheelset experiences and the matergak cr
propagation properties.

The original idea for determination of the peridtyiés to use a crack growth curve together with pnobability of
detection of defects/cracks. The hypothesis mazi¢hat when NDT inspections are made in servicesoime
critical place a small crack exists; but the dini@emsgs such that it can’t be seen by the NDT eq@pin

From this hypothetical undetected largest dimendiom crack propagation model is applied as a fanaif the
load spectra and the number of cycles at whictcthek will become critical is calculated. The Crdlopagation
Software would be the well known NASGROW.

This value would be used to set the first inspectilme, and other points set so that there wouldnodtiple
opportunities to detect the crack before failure.

The work performed in WIDEM was basically the expemtal determination of all the material parameter
necessary for using the NASGROW software plus ttptation of the crack propagation model to take in
account the rotating bending that increases thpagation speed and modifies the crack shape. ¥ittad full
scale rotating bending test rigs were used alsalidate the model by applying variable amplituoading.

Fracture mechanics experimental tests have bedrdaut and used to define a stochastic propagatiadel able
to take into account the scatter band of experialgssults in the estimation of propagation livaset of FEM
analyses were then made in order to define therdifices, in terms of the constraint at the cragkttween axles
and traditional fracture mechanics specimens. Aeifit set of FEM analyses were carried out in otde
characterise the SIF (stress intensity factor)tsnig for typical axles notches subjected to rotatbending. The
future steps concern the introduction in the Slitsms of the influence of press-fittings and theorporation of

all the obtained results in a crack propagatiotvsoe.
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scale propagation test.

The main material information needed for the pecibgdmodel are the Paris curve with its constgftsn, AKth),
and the crack shape development. These are evélergperimentally through constant loading — rotataending
full scale tests; the cracks were initiated by wigotches.

With the same test rig it was be possible therat@ate the propagation through variable load speveasured in
service.

An alternative point of view, is that an acceptablel of axle failures is to be set, and work beaids from this
to the necessary inspection periodicity.

It is possible to implement this idea using reliédpimethods and setting a given probability ofldee. The
proposed reliability software is STRUREL, a weltognised software used for structural reliabiligyimation.

The following graphs show how the two models cadibplayed.

i'::mc:lt size NDT based on probabilistic model (lllustration only)
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Proposed method of setting the inspectideing probability of failure to determine

periodicity inspection interval

Main Achievements

Significant work has been completed in derivingckrgrowth rate parameters under both plane andingta
bending conditions. Finite element analysis havenbeonducted to aid selection of appropriate stigsssity

factors and crack shape development including cexngifects such as the presence of the seats axthe
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The use of a reliability approach to establishqu#dity for a given probability of failure is a nesevelopment for
axle design.

Data on loading spectra from other work packages pracessed into a format appropriate for the poitibc

model. Consideration of the acceptable targethiiliabased on historical axle failure data wasdmand also the
potential impact of human error was examined.
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Plan for using and disseminating the knowledge
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Section 1 - Exploitable knowledge and its use

Exploitable Exploitable Sect f Timetable for Patent Owner & Other
Knowledge product(s) or ec (_)r(s_) 0 commercial atents or Partner(s)
gy application other IPR .
(description) measure(s) use : involved
protection
1. Vibrations Testing devise Industrial 2010 N/A D2S
based method to Product
find defects Inspection
Instrumented Instrumented 1. Railway 2007 A system Polimi
wheelset with wheelset Vehicle patent is Lucchini
high passband homologation planned for
and 2006
Diagnostics
2. Track
homologation
and
Diagnostics
Flexible Flexible 1. Railway 2007 Polimi
multibody multibody vehicle
vehicle model vehicle model design and
homologation
2. Railway
runnability
Analysis
Wheelset load Wheelset load Wheelset 2008 Polimi, Lucchini
spectra spectra design and
homologation
Endurance Endurance Railway 2008 Lucchini
design design vehicle
procedure procedure design and
homologation
Crack Crack Wheelset 2008 POLIMI
propagation propagation inspection
algorithm for algorithm for intervals
railway axles railway axles
Probability of Rail N/A (will TWI
Detection become public
Curves via RSSB)
Methodology for Rail From 2009 TWI/Polimio
inspection
periodicity)
NDT periodicity | NDT periodicity Railway 2008 Polimi, Lucchini,
determination determination vehicle TWI
method method design and
homologation
Material assessment Design 2008 LBF, Lucchini
properties for procedure purposes,
classical fatigue Mechanical
phenomena at engineering
AIN and AAT
Material assessment Design 2008 LBF, Lucchini
properties for procedure purposes
fretting fatigue
phenomena at
AIN and A4T
Procedure for Design 2008 LBF
numerical purposes,
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evaluation of Mechanical

fretting fatigue engineering,
Evaluation
processes
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Section 2 — Dissemination of knowledge

Planned/actual Type of . Size of | Partner responsible
Dates Type audience Countries audience f/involved
addressed
M12-M24 Updating  project | General global all
ongoing yvebsne with new | public
info
www.widem.org
M12 — M24 Regular technical | Supply — | Mainly EU | 65 UNIFE | UNIFE
updates  through | industry/ member
various UNIFE | UNIFE companies
committees,  the | members
Innovation and
Harmonisation
committee
M12 — M24 Direct e-mailing of | UNIFE Global 500 UNIFE
monthly members  +
newsletter, business
including updates | contacts
on WIDEM
IHHA  (congress
June 2007 on Heavy Haul) Global 500 All
Kiruna Sweden
ggg;ember IWC Prague Global 500 Lucchini, all
Exhibition NDT USA 1000 D2S
Professionals
Sept 2007 British Institute of | NDT UK 200 TWI
NDT Annual
Conference
Nov 2007 Meeting at UIC | Rall Europe 10 Lucchini/Polimi/TWI
Paris Specialists
November 7th  ASTM/ESIS | Academic World Polimi
2007 Conference on | and
Fatigue and | structural
Fracture integrity
technicians
November Engineering Academic World Polimi/
2007 Fracture and GKSS
Mechanics Journal | structural
integrity
technicians
December Journal of Rail ans | Academic World Polimi
2007 Rapid Transit and
structural
integrity
technicians
October 2008 Workshop on LBF, PoliMi, Lucchini
fracture
mechanics at the
Politecnico di 'rgggztgrl, Global 2000
Milano.
Oct 2008 EIS Conference | Structural Europe 50 TWI/Polimi
(Milan) Integrity
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Late 2008 RSSB Website Public UK Unknown TWI
July 2009 12th Int. | Academic World
Conference on | and
Fracture structural
integrity
technicians
2010 International Lucchini
Wheelset Industry/ Global 500
Congress research
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WIDEM Contact

Project coordinator:

Steven Cervello

E-mail: s.cervello@lucchini.it
Phone: +39 035 963483

Project management support:
Giorgio Travaini

E-mail: giorgio.travaini@unife.org
Phone: + 32 3 626 12 63

Public Deliverables of the WIDEM Project can be dowloaded from the WIDEM web site:

www.widem.org
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