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Executive Summary

The DRail project has set out the overall objective in€reasing safety levelsegarding
deraiments even though traffic levels are expected to rise as well. This is quantified by a
target of a proposed LCC reduction by-Z0D% for all derailments and a reduction of severe
events by 8 12 % in 2050.

D-Rail shows that more than half of all demaénts (and a share of 75% of the costs) are
addressed by only three types of interventions: hot axle box and hot wheel detectors, axle
load checkpoints and track geometry measurement systems. While new technologies and
their application were studied, notdpregarding onboard devicethe targets are

achievable with existing technologie# properly deployeddevelopedand coordinated.

The RAMS analysis includes decision making on selection of equipment according to the
reliability and maintainability, evaation of an applicable and effective maintenance
strategy and assignment of the optimum and cost effective interval.

D-Railin WP7performed arisk assessmenwith reference to theCommon Safety Method

on Risk Evaluation and Assessméihce no European reference implementation exists, the
risk assessments were independently carried out using the SBB and RSSB methodologies to
estimate the numbers ahsites of systems that could be deployed from a freight

perspective.

Based on the outcome &fCC analysesxle load checkpoints and track geometry
measurement systems show a good ratio between costs and benefits. The outcome-of cost
benefit analyses coidering hot axle box detection are not favourable due to the density
based placement strategy, the already widespread use and the low maintenance benefits.

The divided role and responsibilities of IMs and RUs poses new questions due to the use of
monitoring systems. Installed WTMS owned and managed by the IMs are increasingly
stopping norcompliant vehicles of the RUs and ECMs, principally with the aim of protecting
the infrastructure from damage (i.e. not to prevent derailments). The present legal
framewolk has to be adapted for future needs sirrodes and responsibilities of the actors

like IM, RU and ECbhange Most notably the IM gains better insight into individual vehicles
requiring maintenance than the RU and ECM, whereas the impression arisé8dth4D lose
their technical competence in the field of whemlil interaction.

This should however not be construed as a risk transfer, because that would have a
damagingeffect on safety. Infrastructure managers could evade the risk transfer by not
deploying WTMS and thus miss an important tool in augmenting safetggélatory climate
that facilitates and does not hinder WTMS deployment is necessary. Additional legal risks
relate to intentional acceptance of residual risk (by less restrictive threslooldss than
perfect system densities) or unintentional risks due to human error, deficient equipment,
maintenance windows.

Every country is facing different challenges due todherselegal framework and safety
management approach, but also other redet boundary conditions are significantly
different due to geographical conditions, such as curve radii and track steepness, track
utilization, low temperatures, occurrence of natural disasters or the amount of
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infrastructure elements such as tunnels amidges. This translates into infrastructure
specific alarm and intervention thresholds and intervention actions, for whicii a
harmonizationis unlikely.

Railway undertakings and vehicle owners suffer from this situation, which can only be
addressed bylata exchangeThe generic approach developed iRRil, based on

exchanging raw data and a recommended interpretation, is a simple solution for the
required exchange between IMs as well as from IM to RUs and ECMs. From the IM
perspective, it allows intagtion of different existing equipment and multiple types and
generations of WTMS. All actors can also derive-safiety benefits such as information on

the quality of the operated rolling stock, reducing delays, certification, maintenance cost
optimization, intervention planning after defect detection and providing delay estimations to
customers.

Basic questions to data exchange such as transaction protocols, safe communication
interfaces, firewalls and server solutions are solved. The remaining probemghe
assignment of the operational to the technical date.g. matching a vehicle ID to the
measurement from a wayside train monitoring system or identifying the same section of
track from multiple TGMS inspections. This topic is not sufficientiteckin the existing
regulations or even in any of the Technical Specification for Interoperafdil) although
technical solutions, e.g. based on RFID are available.

Currently, many systems are already deployed in Europe. Some countries rely heavily o
automated techniqueswhere others are only beginning to see the potential for
automation. Those that heavily use automation are more interested in getting the biggest
leverage out of their investment and want to improve data usage, especially to optimiz
maintenance activities, and data exchange to improve the overall safety levels. Countries
with a low level of automation will benefit from the lessons learned of the early adopters
and can deploy interventions in a cost effective way. It seems liketytieancrease in

traffic as predicted in BRail will shift most countries to technological solutions.

Thecostbenefit analysiseveals thesignificantpotential maintenance cost optimization

based on the efficiency gains of using monitoring data to perfG@onditionBased

Maintenance instead of Timer IntervalBased Maintenance. It is noteworthy that the
guantitative results agree with operational experience in the U.S., where maintenance plays
a very prominent part in the business cases for monitogygtems Given the provided data,
findings and assumptions inRail, the LCC analyses demonstrate that HABD and ALC bring
financial benefitsn terms 0f20% LCC reductiofhis aset out as one ob-Railtargets can

be achievedy TGMSorovided that a masuring accuracy of 90% is ensured. But TGMS has
the highest potential maintenance cost optimization

The economic pressure is challenging for the railway sector. As showRail,bhe benefits

of automated interventions exceed safety improvements. Int@ot savings and thus a

better competitiveness against other modes of transport are accessible through condition
based maintenance based on data exchange between all actors. Since these discussions lie
on the interface between infrastructure managers begrthe costs and railway
undertakings/entities in charge of maintenance deriving the benefitfaive role of
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supranational bodiesvould help develop these potentials within a short timeframe for the
railway system and society as a whole.

It is noteworthy, that the implementable results from WP1 to WP6 egéerred toin the
introduction part and presentedin chapter 3extensivelyln fact, he WP5 findings are
considered agssentiainput for the present deliverablesincethe development and
implementation of monitoring conceptsre the core issues of WPBor that reason the WP5
resultsrelated to implementatiorscenariosare describedn detail These coupled with the
findings and recommendations from WP1 to WP7 enshieeneeded inpufor the propod
guidelinein terms ofrecommendations and description of the reliable implementation
scenarios fothe use of monitoring systems

Given that, this deliverable should not be considered as a guideline even though the title
might imply However, this delerable does not meet the requirements of a guideline fully,

but serves as a good base for that, according to the DOW and common understanding within
the D-Rail project.
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Glossary

ALARP......(Risk) As Low As Reasonably Practicable
ALC.......... Axle Load Checkpoint

BLS.......... Berner Létschbergbahn AG
CBS.........Cost Breakdown Structure

PBS.......... Product Breakdown Structure

CSl.......... Common Safety Indicator

CSMRA....Common Safety Methods for Risk Assessment
CST..........Common Safety Target

DNV.........] Det Norske Veritas

ECM.........] Entity in Charge of Maintenance

ERA.........] European Raildency

FOT.......... Federal Office of Transport

GB............ Great Britain

Dwa { XGaxge Restraint Measurement System
GPS......... Global Positioning Systé#®A Hot Axle Box
HABD........ Hot Axle Box and Hot Wheel Detection
HRMS.......Harmonizationg Running Behaviour and Noise on Measurement Sites
ICT.......... Information Communication Technology

IM .. Infrastructure Manager

LCC.......... Life Cycle Cost

MGT......... Million Gross Tonne

MRR........ Monetized Risk Reduction

MTBEF........ Mean Time Between Failure

MTTR....... Mean Time To Restore

NPV.........] Net Present Value

NRV.........] National Reference Value

NSA.........d National Safety Authority

OBB......... Austrian Federal Railways (Osterreichische Bundesbahnen)
OMD......... Onboard Monitoring Device

P2P.......... Peerto-Peer connection

RAMS....... Reliability, Availability, Maintainability and Safety
RFID......... Radio Fequencyldentification

RSD.........] Directive on Satty of Community Railways 200449/EC
RSSB........ Rail Safety and Standards Board

RU............ Railway Undertaking
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SBB.......... Swiss Federal Railways (Schweizerische Bundesbahnen SBB AG)

5] | BT Safety Integrity Level

SMS......... Safety Management System
SOA......... Struck Brake Detector

SRM.......... Safety sk Management

SMS......... SafetyManagementSystem

TGMS....... Track Geometry Measurement System

TSl Technical Specification for Interoperability
VO....uueeee. Vehicle Owner
VPE..........Value of Preventing a Fatality

WTMS......Wayside Track Monitoring System
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1 Introduction

The DRAIL project ans to significantly reduce freight derailments in the future, through
improved understanding of the causes of derailment and the methods for anticipating
derailment through measurement of appropriate system paramet®tereover, the project
investigates hw independent minor incidents combined could cause a derailment.

More specifically, e main objective of the {Rail project is to make recommendation to
reduce derailments by-&2%and a cost reduction of 220% within EuropeSelecting the
right measurego obtain the maximum safety benefits requires an unbiased and objective
process

The goal of this deliverable is to prepakey LJdzi ¥ 2 NJ { & BnpleindpkaioSdf A y S
monitoring techniqueg based on the relatedindingsin D-Rail Given that, this diverade
should not be considered asguideline even thouglthe title might imply.But it serves as a
good base fothe guideling according to the DOW and common understanding within the D
Rail project.

However,this deliverable focuses on the recommextibns and description of theeliable
implementation scenarios for the use of monitoring systems, which is supposed to serve as
input for the proposed guidelineSince WP5 dealsamong other issueswvith system
integration and implementatiorof monitoring ystems the WP5findings areconsidered as

very importantinput for the present deliverable. Furthermore the concerned deliverabfe
WP5are confidential.Such beig the casethe presentdeliverableis not just referring to the

WP5 deliverables, but synthesizesthe WP5 findingselated to implementation sagariosin

detail.

The first part of this deliverable, section 2, synthesizes the findings based on technical and
economic assessments through RAMS anlysis, risk analysis together with risk assebament
costbenefit analysis and LCC analyses, performed in WP7. Givendib@atmendatios for

the use of monitoring systemsonsideringthe estimated increasén freight traffic by 1.5%
annually towards 2050 from WP and potential implementation scenasoand related
number of additional installation sitdeom WP5 are provided

The second part of this deliverable, sections@mmrizes the main findings fromthe work
packages inD-Rail with relevance for the implementation ofmonitoring systems
(nationd/international). These includethe most common causes of derailment but also
combinations of causemslentified by WP, the future trends and demandsowards 2050
analysed by WR2he derailment analysis and prevention considering potential mitigation
measires assessed by WRBe assessment of current inspection and monitoring systems by
WP4 the development of wayside and dmoard monitoring concepts with integration into a
wider European system including migaati and implementation scenarios ByWP5 and
finally the field testing and evaluation by WP6

The third part describes theeliable implementation scenarios for the use of inspection and
monitoring systems considering for both national and international nedtiés section sets
out from the descripton of cases and conceptshe number and locationf inspection and
monitoring systems across Europased on the defined scenarios in WPEgonditionsand
frameworkfor implementation migration aspectsharmonization and system integration at
EU level

Final 2 (PY 12(100)
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Finally, operpoints and further research recommendatioase presented in the last section
of this deliverable.

As this deliverablsummaizesall of the DRail findingssynthesizinghe actual conclusions
and recommendationsand in order to avoid regdéion, this deliverable does not contasn
additiond chapteron conclusions and recommendations
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2 Summary of the technical and economic findings of
WP7

In this section the main findings of WP7 based on technical and economic assesangent
presented.Thesefinding result from the risk analysis, risk assessment, RAMS analyses, cost
benefit analysis and LCC analysSdse recommendationfor the use of monitoring systems
based on the ehieved technical and econonmesultsare presented irchapter 3.7

WP7 developed a systematic dataRAMS and LC@ramework to assess inspection and
monitoring systems related to derailment based on reliability, availability, maintainability and

safety (RAMS) and lifecycle cost (LCC) analysis. With this generahéwptlhie application

of the conceptual framework of RAMS and LCC analysis can be employed for all types of
monitoring systems and hence can be usednvestigateand evaluateeconomic benefi to

LaQa FYR w! Qad ¢2 RSY2yaid NI G Snostiik@emehtddy Ol A 2 y
monitoring systems have been assesasdtase studies

As more than half of all derailments (antlaa7r5% share of the costs) are addressed by three
types of systems, the L@@alysishas been applieds an example. These systems are:

A Ha axle box and hot wheel detection system
A Axle load checkpoint and
A Track geometry measurement system

2.1 Jummary of the findingsbased on technical analysed WP7

2.1.1 Summalry ofthe findingsbased on risk analysis and risk assessment

D-Rail is consideringanuBbNJ 2 F L2 &aaA 0t S FdzidzZNBE aOKFy3ISace
of reducing derailments by @2%. In the context of Common Safety Methods Risk
Assessment (CSRA) this value might be considerasthe equivalent to a safety criteria for
acceptability & risk. The risk assessment of these proposed systems was carried out in
parallel using GB and Swiss thms of application of the CSKMA by RSSB and SBB,
respectively. Comparison of the results of these two different but comparable methods
allows us to daw conclusions on the suitability of the proposed systems.

G GKA&a aidl3sS GKS daaeaidSY RSTAYyA(GAZ2yasE 2F UK
the results of the risk assessment are at a similarly appropriate level of detail. Hazards
relating to derailment of freight trains, and in particular those which are affected by the
proposed systems, have been investigated and quantified using proprietary GB and Swiss risk
data taken from the RSSB Safety Risk Model for GB and the SSB equivalent fdaBSaitzer

The effectiveness of each of the proposed systems in reducing frequency of freight
derailments, and the associated reduction in risk, has already been estimateRail Bzport
D2.3. These estimates have been used as the basis for the risk assesssareied out in
D7.2.

The results of the risk assessments indicate which proposed systems would normally be
recommended for implementation under the respective safety dectsnaking frameworks
for GB and SBB. However, as these risk assessments havanlagenusing a number of
assumptions, and have been generalised for European wide implementation, the unrefined
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results require further qualitative consideration and rationalisation before final conclusions
can be made.

Both SBB and RSSB use similar methodanalyse risk in order to inform a risk based
decision making process when considering implementing changes to the Swiss and GB ralil
network systems. Both are based on using the ALARP principle to compare costs and benefits
of a change and using a spezml safety criteria associated with an anticipated risk reduction.

LY D.3X F2N SEFYLX S GGKAa (11858 GKS F2N¥Y 27
indicates the level of justifiable cost expected in order to prevent a fatality. Both the I8BB a

GB methods are similar and comparable and this is why they were selected to perform a case
study risk assessment on the proposed risk reduction measuresRailD

The case study risk assessments carried out by SBB and RSSB for GB used as a basis
assunptions derived in WP2 and WP5 regarding potential implementation scenarios and
estimated implementation costs. Risk figures related to freight derailment and risk reduction
benefits due to the proposed risk control measures have been calculated using\& B3 3B

safety risk data. An assumed timeline of 2020 to 2050 has been considered as the period
over which the costs and benefits would be realised. The risk reduction systems considered
were:

A Hot axle box and hot wheel detection
A Axle load checkpoints
A Trak geometry measurement systems

By applying both SBB and RSSB safety risk assessment methods within the scétael,of D
l.e. limited to freight trains, and limited to derailments, and assuming the numbers of
equipment installations as laid out in WP 5,biécomes obvious that none of the three
measures would armally be considered reasonably practicakleder the usual ALARP
principle¢ or any other standard for wide scale implementation. This is even the case if we
assume that the derailment rate incre=s in line with assumed traffic increases between
now and 2050; in this case, therefore the proportional benefits of derailment reduction
similarly increase, but the overall ALARP conclusions remain the same. However, if a more
focussed strategy for targetl implementation of the measures is considered then the safety
case is improved and, in particular, Axle Load Checkpoints and Track Geometry measurement
systems become more easily justifiad the benefits are higher than the codtéore detailed
discussin of the risk assessment results methods and results are given in D7.2.

The outcome of bothiSBB and GBheoretical risk assessments would appear to disagree
slightly with current railway practice in many EU states, where HABDs, ALCs, and
measurement carsare widely in use, and considered to be beneficial and appropriate.
However, this apparent contradiction is easily explained; limiting the theoretical scope of D
Rail to only freight denies economies of scale as well as synergies with reduction of
passenge risk which would typically be exploited by infrastructure managers in justifying a
safety case for implementation of a new measure. Considering additional safety benefits
beyond the scope of {Rail would enhance the safety case for implementation of ¢hes
measures further. The -Rail scope corresponds much closer to the US situation than the
European one. In the US, the business case for WTMS is typically based on maintenance, not
safety, which applies to the railway undertaking respectively entity imgghaf maintenance

and not the infrastructure manager.

Some important conclusions can be drafkom the risk assessment results
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A Synergies between freight and passenger trains should be exploited as much as
possible, since the derailment costs and safatpact for passenger train derailments
are much higher than for freight, especially when passengers come to harm. As a
large part of the freight corridors is used by mixed traffic, freight can benefit from the
business case for redung passenger train deitenents.

A Most WTMS are deployed based on the maximum line speed, i.e. a higher density of
WTMS will be found on a higgpeed line than a line at 120 km/h. There is a trend,
notably in France, to separate the higheed traffic from the rest of the traffiith
completely separate tracks, which weakens this correlation, but in most countries
freight trains will be found on high speed tracks, allowing them to benefit from the
WTMS deployed there. Since this even applies to new constructions such as the new
Gathard tunnel in Switzerland, we do not foresee a trend that would find in 2050 a
complete separation. Additional WTMS for freight are required on pure freight
corridors. The total number will be much lower than assumed undeséballe
scenarios, which W favour the business case.

In addition to the above, it should be remembered that the ALARP conclusions of the case
study risk assessments are based on average national freight derailment risk levels currently
estimated for Switzerland and Great Britai is likely that in states, or specific locations,
where risk levels are higher than these assumed levels, the potential for improvement in
safety is likely to be higher and therefore more easily justified due to the proportionally
higher safety benefit due to implementation of proposed control measures. This might be
the case where higher derailment rates have been locally observed, or there is a higher than
average density of mixed traffic, or for dangerous goods corridors where potential
consequencesf a derailments are higher.

2.1.2 Summalry of the findingsbased on RAMS analyses

2 A0KAY 2713 | 02y OSLIidzrtf FNIYSE2N] 2y aw! af
{LFSGeo FyR [/ Iy I f S Rigi £ ThK préposedSRAMS aRSIBE 2 LIS
framework deals with failure management, prevention, elimination, and the reduction of the
consequences of derailment, to an acceptable level. Different disciplines are used in the
proposed RAMS framework, e.g. reliability theory, reliability science, maaiigity,
optimization and Life cycle costing.
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Figurel: RAMS data analysis framework

The framework set out the concepts that underlie thpproachof RAMS and LCC analysis,
and explains the key factors, concepts, assumptiomariables, and the presumed
relationships and interactions among them.

Within the deliverables of D7.2 and D7.2a RAMSand LCC analysgrocess has been
proposed which includes the following steps:

A Statement of the problem, definition of objectivesppe and system requirement
and specifications
A Identification of RAMS management and related boundaries

Definition of the boundary conditions, system description and operational and
environmental conditions

Establishment of the basickfinitions and targevalues

Data collection and preliminary assessment

Implementation of RAMS modeling, analysis, aalilation of RAMS results
LCC and Co8enefit analysis

Documentation of data and analysis process

The data analysis process for proposed RAMS assessadst introduced and discussed. In
order to verify the developed framework, it has begrpéed through a case studypproach
D-Rail project WP7 D2.focuses on RAMS analysis footpctive devicesSignificanteffort

has beermadeby the partnesto colect the required data associated with HABD, ALC and
Track geometry, to apply the proposed framework.

>

> > > > >

The data required for RAMS analysis warade available by SBEnd included datdrom
operation and maintenance of HABDOnstalled at the three sitesver a period of two years.
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The data includesTime between failures, operational conditions, type of scheduled and
unscheduled maintenance interventions, cost and time associated with scheduled and
unscheduled maintenance ietventions.

The study presentt a flow for data analysiprocess which includes e.grepminary data
analysis and selection of associated appropriate techniques, extraction of information from
preliminary data analysis, Identification of appropriate model for reliability, avaibgbilit
maintainability and safety evaluation, see Fig 2.

Data
Select system " collection | Data base
0 ."
Tools/ _| Preliminary data
Techniques o analysis
Y '
Information » RAMSModeling Mathematical
formulations
! Tools/
: ools
Model analysis [ Techniques
A J
Results

Figure2: Data analysis process

The preliminary data analysis has been performed to identify the most appropriate reliability
model. In the reliability analysis, theories and madlelogies from reliability of repairable
units and life data analysis has been used to model the reliability behavior of HABDs. In the
analysis, appropriate software is used to estimate the reliability model parameters.

Following the results of the analgsit has beendentified that the time between failures in
someinstallation sitesbecome shorter after each maintenance interventioulicating that
the unit is under aging. The results also show that in one of the otistallation siteshe
time between failures after each maintenance intervention are becoming longdicates
that which the system is improving. The plotted data for anotlestallation site also
indicates that the time between failures of installed HABD is free of trend. Followesg th
results, it can be concluded that the HABDs installed in differestallation sitesbehave
differently and making a general conclusion is not valid.

It should be noted, that the preliminary data analysis includes statistical test for identically
andtrend within data as well as dependency test (these tests have been mentioned in D7.2).

The results of the case studies also show that the reliability moddirdgD units withirmay
follow a mixture of different stochastic models. Therefore, consideringingle model
representing the behavior of the whole fleet may not be valid.

There are two major options to compensate for unreliability. These include increasing
reliability through design or, implementation o&n effective maintenance program.
Increasingreliability will lead to fewer failures and may decrease maintenance costsein
operation phase. Lower reliability means increased unscheduled repairs and increases cost.
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In order to identify the most cost effective decision, application of RAMS andateCC
needed. Within D7.2, a case studgs completedo identify the cost effective maintenance
strategy for the HABD installead the Zgraggersite bySBB. In order to discuss the effect of
reliability and maintenance decision on cost, three cases hasenbselected. Case 1,
represents the existing HABD instalkdZgraggersite from SBB, and caseahd 3 represent
an arbitrary HABD with different reliability, buith the same cost parameters as case 1

Basel on the cost model developed within the [@7.cost per unit of time has been
computed for each case along with their associated reliability pattern.

In order to perform reliability analysis, one should consider the quality of maintenance as
well as residual life after each maintenance intervention

ReliabilityCentered Maintenance methodology has been used, to identify the applicable and
effective maintenance policy. This has been done in collaboration with the experts from SBB.
Ly 2NRSNJ 2 |adaasSaa GKS 2LJiAYdzy sthaNasl @isky G A @S
O2yaGNIAYySRE YIAYGSylyOS 2LGAYATFGAR2Y Y2RSt
appropriate maintenance interval of HABDs.

Figure2 shows the variation of restoration cost versus restoration interval for thiiéferént
l1.50a ¢6A0K RAFFSNBYG NBtAFOAfAGE Tadel.dzSad ¢ K
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Figure2: Variation of restoration cost versus restoration interval for HABDs
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Tablel: Corresponding MTBF wit and without Reliability limit

Without reliability | With reliability limit
Weibull Weibull limit Rmin=99%
scale shape | Corresponding Optlmum Optimum | cost/unit | Interval
parameter| parameter MTBF cost/unit .

) J. of time Interval T| of time T

(Euro) (Days) (Euro) (Days)

Ci‘se 2196 2,57 1932 2.81 1908 8.3 366
Cgse 3000 2,57 2640 2.06 2607 6.07 500
Cgse 5681 2,57 5000 1.08 4936 3.22 048

Following the results of the case study, the cost associated with discarddésraasing
function with operating days and an optimum interval does not exist. This is due to the high
cost of investment (i.e. 250KEuro) for replacing the old HABD awtbw one. Therefore,
discard is not an option for decision making. In additionw#s found that under the
restoration strategy, there is a specific restoration interval (T=1908 Days) that results in an
absolute minimum value of cost function (Cost=2.81 Euro/day).

However, reliability analysis shows that applying the restoration sgatg interval T=1908,
exceedsthe reliability limit (R(T=1908)=50%) and cannot be selected due to safety limits.
Considering Rmin=99.99% as a minimum reliability for HABD system, it has been found that
the essential reliability limit does not allow to eet the optimum restoration interval, i.e.
T=1908 and C=2.81 Euro/days. Therefore, the maximum restoration interval allowed by
reliability constrain would be T=366 and C=8.3 Euro/days. This is exactly what the SBB is
doing today.

As seen in the figure, ¢iher reliability of HABD (i.e. higher MTBF) will lead to higherldafe
length, when a minimum reliability level (R=99%) is required, see corresponding time in
Figure2 for points 1, 2 and 3, and the valuesTablel. In addition, it is evident that the
higher the reliability, the lower the maintenance cost that can be achieved.

It is also evident that when there are no minimum reliability requirements, higher reliabilit

of HABD will lead to achieve an optimum restoration time at longer intervals, and even
lowest cost per unit of time, which will lead to the most cost effective LCC, see corresponding
cost values ifrigure2 for points 4, 5, and 6 and the valuesTablel.

In fact these portions of cost reduction due to higher reliability of HABD (by design or
application of maintenance) might have significant economic consequences, addabe
considered during design and maintenance development activities. This is where the
manufacturers and operators can bring all their expertise for further improvement of HABD.

It can be stated that only inspection and monitoring systems with higeadion accuracy
and availability can provide support in terms of benefit for the infrastructure monitoring and
maintenance planning.

As the study shows, application of RAMS and LCC analysis is vital to achieve an efficient and
effective decision when déag with management of protective measures against
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derailment. This includes decision making on selection of equipment according to reliability
and cost figures, evaluation of an applicable and effective maintenance strategy, assignment
of the optimum aml cost effective interval, and postponement of maintenance, when it is
applicable.

Based on the outcome of the D7.2, it is noticed that there is lack of reliable and valid data.
Althoughmucheffort isdone to record the events, the content of the recofusve not been
properly sorted so that they can be used. Henitas recommended that in order to have
more robust results, one needs to collect more data concerning failure of monitoring systems
(e.g. HABD) as well as maintenance.

Since data collectioms a time consuming issue, it is recommendedafply theuse of
Informationgcommunication technology to save time, money and to enhance the results of
RAMS analysis.

RAMS analysis also provides a scientific footing for safety and LCC management.hdie met
can also be used for other similar units. If data are available, the effectiveness of
maintenance actions can also be considered in the maud#h, some adjustments.

Summing up, by the integration of adequate modeling the safety and LCC management can

be considerably enhanced. Thereby, not only are the safety requirements fulfilled, but a

lower maintenance cost might alsbe obtained simultaneously. This becomes more
important when one considers the risk and consequence of derailment e. g. due to HABD

ay R UKS dzyNBfAloAftAGe 2F 1! .5Q4ad .& GKAA | LILJ
of RAMS and LCC analysis towards railway operation.

2.2 Summary of thefindings based on economic analyseEWP7

Within the economic analysis of the inspection andnitoring systems WP7 performs two
approaches to demonstrate the economic benefits of the three proposed inspection and
monitoring systems (see D7.3, chapter 3.6.2 and 3@8¥idering the predicted increase in
freight traffic by 1.5% annually

The frst approach presented is casenefit analyses with the calculation of the cumulated
costs by taking into account the additional benefits on avoided costs due to derailments
associated to each of the proposed inspection and monitoring system. The usecrdata
consistent with the data used for the risk analysis based on GB and SBB risk data scaled for
EU27 (see D7.2 of WP7).

In the second approach the Life Cycle Costs (LCC) analyses are performed for the three
proposed inspection and monitoring systemsetaluatethe numberof additionalinspection
and monitoring installationeaeeded to achieve the 1P0% LCC reduction

2.2.1 Costbenefit analyses

The safety benefits based on derailment cost reduction (monetized risk reduction) were
analysed in D7.2 for hot axbox and hot wheel detection, axle load checkpoints and track
geometry measurement systems, which remain as three classes of interventions after short
listing within the aims of the {RAIL project.

All cost figures from LCC and safety benefits on risgsassent cost data were taken from
D7.2 based on theost figures given in deliverable D2.3 (Table 3.4 and 3.5). Additional

Final 2 (PY 21(100)



DR-D7.4-F2 Industry guidelines/standard for the implementation of monitoring techniques

numbers of installation sitefor further cost and benefit categories were developed in close
cooperation with WP5 as they were natgvided from other work packages.

The cost figures regarding additional benefits result from assumptisimgce it is difficult to
quantify the additional benefits e. g. from maintenance cost optimizatiomsed on SBB
data, experiences from North Ameriead on the study on Heavy Haul Transport in Sweden
(see ConditionBased Maintenance foiEffective and Efficient Rollingtock Capacity
Assurane [1] and [2]) In this regard it is worth mentiang that there is an EU research
project launched in Decembef010 called ACEMRail (Automated and Cost Effective
Maintenance for Railwayi the field of railway infrastructure maintenanoeganization and
planning supported by thEuropean Commission

An assumed timeline of 2020 to 2050 has been considered asett@dpover which the costs

and benefits would be realised. The monitoring systems considered for the LCC and cost
benefit analysis are Hot Axle Box and Hot Wheel Detection (HABD), Axle Load Checkpoints
(ALC) and Track geometry measurement systems (TAkSYyeason for that is that more

than half of the derailments (and a share of 75% of the costs) are addresshddmthree
systems and thuthey have the biggest impact on derailment reduction.

It must be noted that the avoided costs per derailments, agrtginto account in the cost
benefit analyses, should onlye considered if these costs are not already included in the
derailment costs. For instance the DB data on derailment costs, probiBd.2 of WP1, are
already included in the costelatedto derailment andthus don't need to be consideredn
contrast to this, the cost$or the implementation {n terms of the establishment of the
required infrastructuree. g. precise proof of measurement data and needed personal for
taking decision on actiomeaktime data exchange and communication, connection between
operation and intervention,vehicle identification by RFID if applicabétc.) are not
considered in these analyses.

It shouldbe noted thatboth in the costbenefit analysesnd the LCC analyséhe mentioned
optimum scenarialefined in WPXorresponds to the assumed "high" cost / "high" level risk
reduction option and the minimum scenario to assumed "low" cost / "low" level risk
reduction option respectively.

Theoverallresults of the quantitéve evaluation of LCC and cdstnefit analysis referring to
the three proposed measures are shownlable2 below:

Table2: NPV of theaccumulatedcosts andNPV of the additional benefifer the two scaarios indicated in
wa A 2Blue édlumns correspond to costs (negative @R\green columns to benefits (positive NBV

. NPV of Cumulative NPV of Benefit/Cost Ratio
Measure Net Present Value (NPV) Cumulative NPV avoided cost of derailments | avoided cost of derailments (of cumulative NPV)
high scenario| low sceanrio | high scenario| low sceanrio | high scenario| low sceanrio | high scenario| low sceanrio | high scenario| low sceanrio
HABD noémyo®pyy 847309 nnc &1 a1 ®082.870.806) o ®mc n Py mc 5%0.078| mn n dnc q O p2A.927.524) 0,34 0,30
ALC MOPDGHT Pfbn p 789.162) mn o P 1 Po5A.238.821 Mn PpT MPc oYB3X234 nTy dny D AY.A16.482 3,34 7,80
TGMS Mp T {c €457.853] Tndnoy PhBPOIE478 M PT o MPoTH20£726| pH N PCc H( D A5B.812.627 7,09 12,38

The results can be interpreted as follaws

A The methods employed are similar to those used for the risk assessment in D7.2. The
cod data have mostly identical components as the same numbers and site
placements as in D7.2 were used, but some costs in relation to data exchange were
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added. The benefit columns contain the expected safety benefits, but as discussed
previously the total beefits are much wider than safety alone, so additional financial
benefits were added.

A Considering hot axle box detection, the costs in both scenarios are very high in
relation to the benefits and thus unfavourable, due to the following reasons

o The placerant strategy is a densHigased approach, i.e. a HABD every xx km.
This strategy is required due to the rapid progression of a HAB from a safe to a
critically unsafe state.

o The safety benefits are rather low, which can be explained by the already
widesprea use of HABD in many countries. Derailments due to hot axle box
are less frequent than the occurrence of hot axle box since efficient detection
and intervention are possible. It is thus likely that safety benefits are
underestimated in the current risk naels.

o Other benefits, especially maintenance, are low, because the detectors target
few components of the vehicle, namely the axle box, brakes and wheel
temperature, of which only the axle box allows for trending analyses

A Axle load checkpoints have a rerkably good ratio between cost and benefits. The
safety business case (see D7.2) is already marginally efficient on its own, but
combined with maintenance effects the business case becomes comfortable, since
ALCs deliver actionable data on interesting comgrus from a maintenance
perspective, namely wheels, spring and suspensions.

A Track geometry measurement systems show an even better efficiency ratio. The
safety business case (see D7.2) is already marginally efficient on its own. In addition,
the track isghe most interesting part for maintenance optimization as it is the biggest
single cost block of an infrastructure manager. Minimal improvements in this area act
on a very large financial lever.
It is worth mentioningd KI & G KS LaQa & Lisyéployinsnsof manitodndzND S &
systems, but the RU/VO gain the maintenance benefits. The owner of the monitoring devices
(IM) providesin case of alarmthe aggregatedmonitoring systemglata freeto the RU, the
RU can react to the fault and save the cdststhe maintenance, speed up the maintenance
process etc. The relevant aggregated data may be used by the RU to improve the vehicle
maintenance and to reduce the probability of a hazardous event. This effect is not calculated
into the cost model, since aanalysis from a safety or societal point of view clearly favours
this type of financing.

2.2.2 LCC analyses

In the second approach the Life Cycle Costs (LCC) analyses are performed for the three
proposed inspection and monitoring systems to evalulte numkber of additionalinspection
and monitoring installationseeded to achieve the 1R20% LCC reduction

To ensure LCC reductiomany factorsn additionalto the number of installation sitekave

to be considered The related sections (3.6.2 and 3.6.3) af.demonstrate that many
factors and aspects influence the whole life costs of the inspection and monitoring system
Thusnot only the addional number of installation sitequt the efficient deploymat of the
installationscreate added value.
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However whenmonitoring installations reach a certain number on a specific network (route)
no further decrease of derailments is achievable by intensified monitoring (saturation effect).
That is to say that the approach by installirg g. more HABE) would not reduce LCC
automatically, since the associated whole life costs for investmentinuestment,
maintenance, operation and disposal have to be considered.

The economic benefit can be ensured by aimendensity based approach and rigfated
decisionconsideringimportant aspects (legal, financial, safehanagement(SMS, CSNRA),
directives and regulationgiequirements of the concerned infrastructure manager, traffic
volume, specific boundary conditions etcThereforea way ofefficient placement of he
installation siteson the concernednetwork could be e. gat loading siteqreferring to skew
loading), bordefcrossings, neuralgic locatiof@r protection of the infrastructureelements)

of major trafficcorridorsand traffic flows.

However, this appach is moreapplicable and expedient fadhe objectiveof LCC reduction
than installationof additional monitoring systemsGiven that, a causal link betweehe
required number ofadditional monitoring systemand life cycle costsLC¢ is not absolutsi
definitive.

However, the aim of the followingCC analyseds toobtainan order of magnitude in termasf
the required number ofadditional monitoring system in orderat achieve the 20% LCC
reduction.

Similarly, the cost data used for risk analysiduiding risk model according to CSRA
performed in WP7 are taken as input for the LCC analysimajor requirement when
performingLCC analysis is to define and docuntastly the boundary conditionsind used

key input data including the sources of tleedata. This makes the LCC analysis traceable and
clarifies what is within or outside of the calculation, which aspects and data have been
considered and those thatill not be taken into account due toertainreasonsrespectively.

For this purposethe In/Out frame can be used to documentthe relevant boundary
conditions as described in the LCC approach in section 227d@ deliverable.

Thescenarios defined in thbusiness cases of WR&garding the number and placement of
additional installationgakes account for the reduction in derailments for each of the three
proposed monitoring systemancluding the percentage of themeasuring accuracyor
maximum, optimum and minimum scenari¢see moredetailsin chapter4.2 and D5.2 of
WP5).

Within the defined scenario®f WP5 themeasuring accuracgnd the additional number of
installations for the three proposed monitoring systehmve been assumedsiven that, the
assumedmeasuring accurad§measuring accuracy) eich monitoring system has an impact
on the costs savingas well as on the LCChis is shown for the two cerdered (high and
low) scenarios includinipe relevant costdy the Tablebelow:
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Table3: Assumed risk reductioand linked costslue to themeasuring accuradpr the high scenario
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Tabled: Assumed risk reduction and linked costs due tortieasuring accuradpr the low scenario

itock derad e L3 o | Spedtic cosss [share of avolded]  Ammusl | Aveustcostsavings | Aneund | Spedic costs per | Aneusl cost
System reduction i of adstional | per cmne of | dersiments for | number of of evoided Numbes of cause of Areings of awolded
ik due units detalment the caue pet avnided derailsenty evoided duralment detaliments per
to wriem f2014) poryeer | intervention (o | dersitments | based onsoecific | devslmests | {considering the cauve of
300 derafmenty,  (cf 500 cost per causeof || v derwim
vl B the effociency) (Comsitlering the
vl detattion detaction
ol wPs | DRaswps | ORWIDZ3 | DRMDZT |DRS02T|  DRWIDZI i
Table 35 Tatle35 | Toble3s Table 35
Hot axle box  Hot gde box
1 and hot whes!  and e jowrnsd P 00% 160 1282575 € 2% 60 76554 500 € 5 70028595 ¢€ U5 505€
Metection | ruptwre 4 »
Axie load AU A AR 2 L
S loegeng [WNOWWS | WO ] | VeRUEY NAR ) = | WIRNS )
wiSkewlosting | 9000% 1 .. 1..B33lad€  6%% 1 30 | 297650M¢€ |}
Sgang & |
SUSpension 90,00% 1665570 ¢ 562% 28 28025170
SR SR | ST, BRI
eablolsly T UR0.00% TR0 15 O T O/ R R
Jmean vaiue 4 | 5 98 16637483 5708112 B3 €
Track 1 |
3 feomety Scosmetack |  45.00% 4R E  BE0% 43 mazisRe M 501480 €
meanwement  width
systems 4 ! {
f:_‘;‘““‘”“" 45,00% 5526276  6.58% 1 18 161 423 € 26397 B4 €
resgrt/cant 45 00% 261926  340% 1 4702674 € 13 840 120 €
e
Rl taiuras | Asee Y 2ame 1 gazzede | 11513865 €
....................................................................... :‘5 27 'Mn J€ 52:. :Ea ‘T‘ i

Both tables above present the effect of the reduction of derailmemidated to each

monitoring system forthe two scenarios. The resulting cost savings due to avoiding
derailments and the costs due to remaig (non avoided) derailments are indicated in the

two tables. Thesean be interpretedas an example for thligh scenario such as: with the
assumedmeasuing accuracyof 91% (high scenari@ maximumof 55 derailmentscan be

avoided with potential cost savis@f 70a A 2 € @& gIKISNBI & ¢ aAiA2z2 e NB
due to not avoided derailmentakingALC about& A 2 ¢ OlFy 6S &l @SR RdzS
107 derailments with assumed 98#teasuring accuray ¢ KAf S o aA2 € NBYL )
to non avoided derailmentsThe resulting cost savings of avoided derailments by using TGMS

with assumed 60%easuring accuracy & | 6 2 dzil yRoHaA&A2 ¢ NBYIAY
to non avoided derailmentsSimilarly, the interpretation can be done for the low scenario.
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The Net PresdnValuesfor the status quo (2014) anfbr the two scenarios regarding the
three proposed monitoring systemgea calculatedin the LCC analyse As a discounting
factor 4% is taken for the analysis there is no specification on this in theRail project The

LCC analysealso include the forecast of 2050, i. e. increase of freight traffic by 1.53%
annuallyup to 2050 according to the finding of Wikze D2.1, D2.3).

But it should be noted that there are different developments of the freight traffic malu
registered in theEU Member StatesSome countries in the EU haaa increase of freight
traffic volume up to 510% on specific corridors, while other countries record stagnation and
even decrease of the freight traffic volume.

The costs for themplementation of the additional monitoring systemare not included in

the LCC analysesince verified cost datare not availableThe impact of the issues in terms

of the risk landscape of the IM (own risk assessment, risk management for the concerned
bounday conditons and requirements}he effect of higher increase of traffic volume (more
than 1.53% per year) as well as the decrease of derailments-B89%0by 2050 (as taken into
account in WP2, D2.3, chapter 3.1) are not considered in the LCC anétyseary to the
costbenefit analysis LCCanalysisconsiders only expenditures but not additional benefits
(such as woided cost per derailmene .g. operational, preparedess, recovery after
derailment, aoided train delay costs per derailmemhaintenane cost optimization due to
condition-basedmaintenance strategy

Net Present value reg. HABD - High and Low Scenario
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Figure3: NPVreg.HABD with assumeaheasuring accuraoyf 91% (high scenario) and 9% (low scenario)

Figure3 as an outome fromthe LCC analysis shows that the objective of 20% LCC reduction
can be achieved bga.330 additional HABD devices.

The LCC analysis regarding ALC shows a beneficial case for both high and low scenario due to
the assumed higlmeasuring accuracgf 98% and 90% respective@nly 40 additional ALC
installations are necessary to reduce the LCC by 20fi6h is presented ithe Figure below
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Net Present Value reg. ALC - High & Low Scenario
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Figured4: NPV of ALC with assumeteasuring accuraayf 98% (high scenario) and 90RAN scenario)

A general remark needs wivenregarding theassumedmeasuring accuracyf 98%for ALC

The assumedneasuring accuracgf 98% and 90% respectively regarding ALC seems to be
very high and needs to be proved as this high value implies thairbmeitoring system
measures very sharply and consequently all trains being critical in terms of derailment. On
the other hand this could be interpreted that also trains with no hazardous state could be
stopped due to the assumed sharp detection resultinghigher costs due to unnecessary
train stoppagesCosts for false positives (operational disrupspare not included in the LCC.

Taking the number of avoided derailments due to ALC assumed in the analysis so far (109),
then not more than 109 trains withisk to derailment have to be stopped. If more than 109
trains are stopped theffect and related costs respectively of unnecessary train stoppages
resulting from track unavailability, checking activities before continuing of the train journey
etc. have ¢ be considered. Thus the break eveoint in the LCC analysis would baich

later than is the case nowfo demonstrate this effect, a second LCC analysis is carried out for
a more realistic value of risk reduction would be 5®#asuring accuracyVith the assumed
measuring accuracgf 50% about 210 ALC devicae required additionally for 20% LCC
reduction which is presented ithe followingFigure
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Net Present Value of ALC (50% detection reliability)
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Figure5: NPVreg.ALC with assumegheasuring accuraayf 98% (high scenari@nd 50% (low scenario)

Generally, due to the heterogeneity in Europe, the placement at strategic sites will result in a
very unequal distribution of costs

The outcome LCC analyses regarding TGMS shows that the LCC reduction by 20% can not be
achieved, maily due to the lessneasuring accuraoyf 60% assumed for TGMS. But a higher
measuring accuraayf 90% and associated derailment reduction ensures the benefit in terms

of 20% LCC reductiofhe measuring accuracy means that e. g. 60% of cases that should
result in derailments is found and that there are no false positives (i.e. cases where
derailment risk is indicated without any derailment occurring, e. g. due to false measurement

or wrong limits). Following this, WP3 has made much work is made to getprecise limit

values.

Given that, it can be stated that a causal link between additional number of installations and
LCC is not always given. To increase the number of installations does not lead to a LCC benefit
automatically, whereas an increase rakasuring accuracys the more efficient approach to
achieve the required benefits, as presented for TGMS-sgare6 and Figure7 below.
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Net Present Value reg. TGMS - High & Low Scenario
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Figure6: NPVreg. TGMS with assumetieasuring accuracyf 60% (high scenario) and 45% (low scenario)
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Figure7: NPVreg. TGMS with assumetieasuring accuraayf 90% (high scenario) and 45% (low scenario)
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The following Table 5 summarizes the LCC results carried out for the three proposed
monitoring systems in terms of the evaluation of additional number of installations to
achieve the aimed 20% LCC reduction.

Table5: { dzY Yl NBE 2 F G KS b alysisid additign& iRstaftayiong neetled Foy20% LCC reduction

NPV Required nr. o
) N .
o Assumed nr. of Assumed measurin NPV (80./0 NPV monitoring
Monitoring . . accuracy of the . « | reduction= . ;
Scenario additonal . ("status quo”) (up to 2050) [sites to achiev:
systems . . considered measurg 20% LCC
monitoring sites [aA? . [aAd { 20%LCC
[%0] reduction) reduction
[aA 3
High scenarig 790 91 1.772 1.418 633
HABD Low scenario 160 9 1.772 1.418 1.707 330
High scenarig 300 98 1.336 1.069 230 20
ALC Low scenario 120 90 1.336 1.069 448
Low scenario 120 50 1.336 1.069 1.985 210
High scenarig 20 60 298 239 552 not possible
TGMS Low scenario 10 45 298 239 685 P
High scenarig 20 90 298 239 191 20

Particular emphasize shall be given to the fact, that the performed LCC analysis is based on
the provided data by WP1 (D1.1, D1.2) and WP4 (D2.2. D2.3) as indicated in the In/Out
frames regyarding the definition of the boundary conditiofsee section 2.2 and 3.6.3

The presented cogtenefit analyses demonstrate that the two monitoring systems (ALC and
TGMS) are beneficial by considering additional benefits. As an outcome of the L&2sanaly
HABD and ALC bring financial benefits in terms of achievement of 20% LCC reduction set out
as one target in HRail. The LCC analyses are based on the used data and assumptions,
particularly regarding the potential derailment prevention linked with tlessumed
measuring accuraayf the monitoring systems.

The findings of the performed LCC anadysbow that the D-Rail objective of 20% LCC
reduction can be fulfilled by a certain number aflditional installationdinked with the
neededmeasuring accuracgoncerningthe three monitoring systemswhich is indicated in
the following

A Regarding HABD: withnaeasuring accuraayf 91% 330 additional installations are
needed to achieve a 20% LCC reduction The break evenipdie LCC analysian
be reachedafter three years (high scenario) and eight years (low scenario)

A Regarding ALC: witidditionally40 ALC devices (Ioyeasuring accuraayf 98%) and
210 ALC devices (Inyeasuring accuracyf 50%) respectively theimed 20% LCC
reduction carbe achieved. Thbreak even point can be reached in the first year for
both cases (high scenario and low scenario).

A Regarding TGM$e LCC reduction by 20% can not be achievieith is owednainly
to the fact ofthe assumedneasuring accuraayf 60%. Thus a break evenrot given
in the LCC analysis. But a higherasuring accuracyf 90% and associated
derailment reduction ensures the benefit in terms of 20% LCC reduction.

Note that the above presented LCC analyses are one way to demonstrate the achievement of
20% LC@eduction. There are certainly more options to achieve this objectd.the key
aspectto create added value is the efficient deployment of the installation sites orbeskd
decision considering important aspects (legal, financial, safety (SMSRESMquirements

of the concerned infrastructure manageraffic volume, specific boundary conditions etc.).

Final 2 (PY 30(100)



DR-D7.4-F2 Industry guidelines/standard for the implementation of monitoring techniques

Given the placement of HABD, a density based approach antelé&d decision shall be
aimed to match the trend behaviour. For instance theigiébn of a minimum target density,

e. g. 150 km, would still catch every linear case with a step increase for 36° to 95° (Schdbel,
Karner, 2005), whereas a steeper temperature increase as dimesr behaviour requires a
higher density of HABD.

2.2.3 Socieeconomic effect

A Direct consequences of derailments cover injuries and death of railway personnel,
damages to vehicles and infrastructure elements.

A Indirect consequences of derailments include

o immediate followup events (collision with another train afteterailment,
damage from explosions, fires and release of noxious substances, damage to
environment)

o effects from track unavailability (passenger delay minutes, freight delay
minutes, lost connections, vehicle rerouting, passenger information)

0 costs to retun to normal operations (disaster recovery operations,
infrastructure repair, vehicle recovery).

A Longterm effects cover
o0 loss of public confidence in railway safety

o loss of confidence from funding providers (state and local governments)
o loss of customesatisfaction regarding punctuality
o shifting of traffic to other transport modes (road, air).

Typically, costs from derailment figures include only direct consequences and partial costs
from immediate followup events. However, followp event costs are sually precise in
respect to damage from subsequent collisions and direct damage but tend to approximate
and underestimate environmental consequences

The effects from track unavailability, costs to return to normal operations and altéony
effects aretypically not included at all or roughly approximated, despite their possibly large
effects. The monetized effects regarding track unavailability, costs to return to normal
operations can be quantitatively approximated.

It is unlikely that a meaningful @mtification of the loss of public confidence in railway
safety, the loss of confidence with funding providers (state and local governments) and the
loss of customer satisfaction regarding punctuality can be found. Except some rare and
catastrophic eventg usually in combination with dangerous goagla single derailment will

have no effect on public perception. Rather it will be a series or accumulation of events that
may propel the subject to public consciousness. Experience shows that such situations wi
create a momentum for action by the railway industry that is almost impossible to control
and stop. These actions may not seem reasonable in the context of the enterprise risk
analysis, but the financial impact may be profound. The recent history olUKeailway
infrastructure may serve as an example.

In the context of ERAIL, the effect of all these factors on the modal split is the most
worrisome. Whatever the exact cause may be, shifting of rail traffic to other transport modes
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(road, air) will hag significant negative consequences on all actors in the railway industry
and in a societal perspective. This effect is not limited to freight: if freight trains are
perceived as being dangerous or unreliable, passenger transport will also suffer fiime it.
figures from WP2 will serve as a warning in that respetie loss of a single percent of
modal split creates significant higher adverse impacts compared toall other direct and
indirect costs.

2.2.4 Additional benefits of monitoring systems

Regardingcod benefit analysis of WP2 the benefits are accounted only for the technical
benefits from avoiding derailments (e.qg. infrastructural, operational and rolling stock). They
do not include ancillary benefits from maintenance activities, other freiglated benefits

(e.g. reputation of the railways transportation) or benefits for the passenger transport.

The benefits associated with inspection and monitoring systems (e. g. WTMS) should include
both safety related benefits in terms of derailment reduction andintenance (norsafety)
related benefits.

Theeconomic benefit of monitoringystemsalso lies irtspilloff¢ effects, e. g. that you get a

better condition monitoring knowledgewhere the wagons on the networkre, and on
reducingmaintenance decreasedfuel costs, increased lifetime of rail tracktc.. Thusthe

F20dza aKz2dzZ RyQid o6S 2yfeée 2y (GKS RSNIAfYSyid S7
benefits thatare indicatedin this section Important information is thenput in improving
maintenance procedures to prevent derailment but also decrease degradéti@chieve the

potential benefits

| 26 SOSNI GKS F20dza & Kderdidtyifpact bub als@ ynf réducidgy G K S
maintenance and providg areliableoperation with highemperation frequencies (operation
issue: slots of track non-availabilityof track¢ costs)

In order to optimize the railway infrastructure maintenance management and eliminate the
NAala 2F FlLAfdzNE 200dzNNBEYy OS> (KS ARSHSESRi2 dz
YI'YYSNE RSOUSNN¥AYAY3I GgKSUKSNE 6KSYI GKSNB |y
SINI&é¢ LINBGSYiUAOdS FyR aiizz2z fFrGS¢ O2NNBOGAOBS
thus produces optimized plans for maintenance.

The railways that arecapable of making full use of sualmused data storage and
transforming them into useful information can take advantage and result in a more effective
decisionrmaking process.

However, corrective maintenance cannot be eliminated; it can only be reducaanioimum
level by implementing planned preventive/predictive maintenance

This is a radical change in how diagnostic data are used, not only as a function of control, but
also as a driver for maintenance activities. Moreover, diagnostic data can alseebeta

drive (in an objective way) renewals, in fact advanced planning methods can be used to
balance maintenance and renewal activities and determine the optimal renewal time.

Data exchange between infrastructure manage@nd railway undertakingand entities in
charge of maintenance may provide significant economic benefits.
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A recent investigation on iron ore cars suggest that condibtased maintenance strategies
may offer LCC benefits in the range between 33%0% over interval/timebased
maintenancestrategies, simply by optimizing the-pgofiling and rewheeling operations. In
another study it was shown that wheel wear strongly depends on outside temperature
and/or attendant meteorological conditions) some casesarying by a factor of 5 between
summer and winter. This is an ideal scenario for condibased maintenance, which could
provide up to 40% of optimization in this scenario. The results are consistent with results
from Switzerland concerning wheel-pgofiling optimization of locomotive®ased on ALC
data, which show about 50% benefit.

The current limitation to the use of conditidmased maintenance lies in the precise vehicle
identification. For locomotives, where the identification problem is solved, railway
undertakings are highly ietested in obtaining WTMS data for maintenance. As the figures
above suggest, a solid business case can be formulated as soon as vehicle identification can
be addressed, e.g. by RFID tags.
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3 Recommendations for the use of monitoring systems
based on technical and economic findings

In chapter 2 of this deliverable the results of (Task 7.2 to Task 7.4) of WP7 are summarized
highlighting out the balance between technical and economic benefits. This chapter
summarizes the main findings from work packages & tocusing on recommendations for

the use of monitoring systemeegarded as importanfor the implementation scenarios.

More details on the results from each VERe availablen the concerned deliverables.

3.1 Summary of WP1 (grailment impac) findings

WP 1lgathered information on numbers of derailments and their causes from countries in
Europe and around the world, and associated costs where available. The objsatte
identify the major causes of derailment as a starting point for the detailed anatysis
derailment causes in WP3.

TheNBGOASS 2F LINRP2SO0G LI NIYSNI O2dzy (i NBnShe §ix Y I Ay
year period 2002010. The statistics collected for this period sleovthat the number of
derailments occurring each year is in gealedeclining. Derailment data was collected from
safety databases in the USA, Russia, and several European countries, as well as UIC and
ERADIScategorisedand brought together in a single database. Causese ranked
according to the proportion of deranents occurring within each category, and this provided

the following ranking of derailment causes for Europe:

Axle ruptures

Excessive track width

Wheel failure

Skew loading

Excessive track twist

Track height/cant failure

Rail failures

8 Spring & suspensidiilure

Breakdown of derailments into causes, and rankings of these cause,presentedin
deliverable D1.both for European countries (in particular Austria, France and Great Britain)
and as a comparison between Russia, the USA and DNV / ERA (repgeBerope).

~N o o~ W DN P

It wasidentified that infrastructure and rolling stock are responsible for most derailments on
open line and in stations, while operations are the dominant cause in shunting yards.
Countries differ in their infrastructure, rolling stock camperation parameters which can
create wide variation in the key derailment causes.

Although regulations covering reporting of accidents are now in place in the European Union,
there is still significant variation in the quality of reporting across themlder States.
Detailed information on derailments, their causes and costs, is often available only from
private databases in each country. Costs, in particular, are very difficult to estimate since
different financial procedures are implemented in differectuntries, and the impact of
derailments can often be over several years.
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Deliverable D1.2 providke details on the impact of freight derailments, including an
assessment of the economic impact. Data sources were European databases EUROSTAT and
ERADIS, iafmation fromD-RailLIN2 2S5 O0lé LI NI YySNBQ RFGlIolasSa |y
reports, studies and papers.

From the analysis of derailment impact, a numbeob$§ervationsvere made for modelling
derailment costs:

A There are B0 derailments per yeaaf which 7% (35 derailments) involdgangerous
goods.

A There are on average? fatalities per year and 3 serious injuries per year, at costs of
MPpae LISNI FLdadFftAGE FYR nodHae LISNI & SNR2dz
This is equivalent to a humamst of 721 1€ LIS NJ BrnSaelaget Y Sy i

A Environmental cleafup costs are negligible except in the 7% of derailments involving
dangerous goods. If the minimum cost giamgerous goodderailment (250006) is
assumed here, this is equivalent to 175@@r deailmenton average

Based on this,lte human cost and environmental cost add a fixed cost4@00e per
derailment independent of the type of derailment. However, this is an average value, and
could be thought of as, for examplsix severe derailments gr year, each incurring costs of
Hae 0 NJ ( BOS Neraifméntsy per year, each incurring the cost ef7®e per
derailment).

In data collectionthe costs wee split intotwo major groups:

A Direct costs, meaning just railway asset costs of infrastrucamet rolling stock that
are damaged during or after a derailment.

A Indirect costs, including e.g., disruption cost (delay minutes, etc.), fatalities and
injuries costs, legal and litigation costs, third party damage, environmental (could
include postaccicent clearup operation, etc.), attendance of emergency services,
public dangers (hazardous cargo), loss of cargo and freight.

The data collected inHRail indicates an 80%/20% split of direct costs between infrastructure
and rolling stock

For calculatinghe total impact in cases where only direct costere known, the direct cost

should be multiplied by a factog 9 w! Q& O2 &l 0 Sy §ifes d factoydRb.8 3 A a Y
Data for the USA indate this factor to be 1.2.0. Analysis of the data providedyb
infrastructure managers in the-RAIL project suggests that this factor may be much lower

(only 1.33) but likely varies considerably between countries.

Analysis of shunting yard derailments, where costs of derailment are comparatively much
lower, showedii KS YI Ay Ol dzaS (2 0SS 2LISNYGAZ2Y X GAl
contributor. It is not recommended that subsequent WP studies focus on this area any
further.

Based on this analysis of derailment statistics, we can conclude that: developing new
technologies and improving existing ones to aid the detection of major causes, improved
planning and optimisation of inspections, where greater risk causes are tackled first, would
result in fewer derailments.
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Furthermore, by understanding the fundamentalechanisms and the key influencing
parameters, it may be possible to redeploy or modify existing technologies to more
effectively reduce the risk of these derailments

3.2 Summary of WP2 (freight demand and operation) findings

The D2.1 report investigated tHeU27 rail freight potential demand trajectories to 2050, over
a range of future scenarios based on specific secmnomic trends extracted from an
extensive literature review. More specifically, three options were developed: the reference
option, where @ major policy change occurs in the future and two White Paper options,
which adopt the assumption that there should be a significant freight demand shift from
road to rail in the period to 2050.

The EU White Paper, published in 2011 by the European Canomjsdefines the target
scenarios Reference scenario, White Paper Low Scenario and White Paper High Secenario.
the Reference Scenario there is no policy change whereas the other two scenarios assume a
partial (30%) and a full (50%) shift of freight frooad to rail as per the goals set by the EU
2011 White paper on Transport for modal shift

D2.1 predicts an increase in total freight demand in the EU of 1.53% per year due to
economic activity, and also considers the effects of policies aimed at shdtiggeater
proportion of freight onto rail for all or the long haul part of the journey (increase in rails
modal share)This average growth rate increases significantly only for the High White Paper
scenario, affecting strongly on the modal split and dougpthe rail demand. Regarding the
Low scenario, the total demand is increased by almost 20% over the present poFBitese
results in the prediction that of freight tonnages moved by rail is expected to double by 2050
if rails modal share remains thamme, and triple if the policies are effective in moving a
higher proportion of freight to rail. The actual increase in freight tonnages moved by rail is
likely to be somewhere between these predictions.

Growth in the total tonnages of all types of commiydcarried by rail is predicted, however
differences in the predicted rate of growth for different commodities results in a change in
the proportions of each type of commodity that constitutes rail freight. The predicted change
in the proportion of commody types is greater when increases in modal shifte to
policies are taken into account in the predictions, as well as a general increase in freight
demand. The proportion of rail freight made up of the commodity type which includes
containerised and conodal freight is expected to rise by the most, followed by the
foodstuffs commodity type.

The forecast and breakdown thetféire rolling stock based on three scenarios: Reference
Scenario, White Paper Low Scenario and White Paper High Scenario.

Changes irthe proportional split between different types of commodities carried by rail
would impact the proportion of freight traffic made up of specific types of vehicles. The
predicted increase in emodal transport (containers, swap bodies, and sénaiers caried

on rail vehicles) would lead to an increase in the proportion of freight traffic made up of
vehicles suited to this type of traffic (flat and pocket wagons). In the same way an increase in
the foodstuffs commodity type would lead to an increase in peportion of freight traffic

made up of vehicles suited to this type of traffic (standard or refrigeratechodal units, or
covered wagons with a high loading volume but low payload mass). The transport of
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foodstuffs and commodities which use-owdal ransport is generally more timgensitive
than the transport of bulk commodities.

There is a predicted trend towards reducing wagon weight to increase efficiency, this
combined with and increasing proportion of freight being commodities which useantal
transport and foodstuffs implies that there will be a change in the proportional split between
different types of trains. These predictions imply an increased demand for services where the
loaded vehicles have a lower average gross mass, carrying lighigntveut higher value and
more timesensitive commodities. This means that there is expected to be an increase in the
proportion of trains consisting of freight vehicles with a lower gross mass travelling at higher
speed, which has implications for therdément risk.

The implications for the rail freight sector in terms of wagon fleet capacity and capability are
significant. There are also implications for the available infrastructure in terms of line
capacity and train paths to accommodate the much bighdemand. It has been
demonstrated that should the EU come close to achieving its objectives as set out in the
Transport White Paper 2011 there will be significantly greater demand on the rail freight
infrastructure and rolling stock with a large and sigrant increase in the number of wagons

in operation and a much anticipated increase in productivity and asset utilisation.

Of special note is the fact that it is very likely that the increase willoaotruniformly, but

to a higher degree along freigtrorridors. It will be difficult to assess the actual freight
corridors used in 2050, but it can be assumed that measures should be targeted preferably
along these corridorsThese effects were considered in D7.2 to show the effect of traffic
increase orthe risk modelling. In general and assuming no other parameters are changing,
the linear traffic increase will lead to a linear increase in the number of derailments and thus
improve the business cases linearly.

While it is unlikely that the increase irefght traffic will influence the choice of measures, it

is certain that an increase will improve the business case for each measure if all other
boundaries remain unchanged. Thus, a measure that is marginally inefficient today, could
become feasible assumg an annual increase of 1.53%. This shall be accounted for by
calculating a case with and without increasing traffic.

Toturn to the effect of traffic increase on the WTMS themselvie following conclusion

can be drawnThe useful life of WTMS mainlegends on the weather conditions (snow,
rain, ice) and possibly occurring pollution (lost freight). An increase in maintenance costs due
to increased train density is not expected.

Higher mechanical wear, caused by increased train density, can lead teadier
replacement of rail, which automatically meathst exchanging the sensor system of the ALC
(Axle Load Checkpoint) installations algth be necessary.

An LCC analysis should take into account and evaluate a system not only in terms of
economic efects but also with the capability forgsiificant improvement to future needs.
Future requirements like the prognoses of increasing load in the near future have to be part
of the decision making process.

This deliverable (D2.8 Cost/Benefit analysis fantervention to reduce freight derailment)
focuses on assessing the impacts on derailment from possible interventions using Cost
Benefit analysis.
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The effectiveness of each of the proposed systems in reducing frequency of freight
derailments, and the assated reduction in risk, has already been estimated-iRdil report
D2.3. Given that, safety benefits based on derailment cost reduction were analysed through
risk assessment in D7.2.

Thetop derailment causes set out in WRhd the effects on derailmenteductions from
WP2 as well as th@assessment matrifor technical interventions fronWwP4were combined
to derive a shortlist of possible measures, presented below.

Table6: Results of cost and benefit analysis performed-RdilD 2.3 concerning major derailment root causes,

D-Rail
top derailment cause

Total costs
(costs per
cause)

Set of intervention

Impact on
derailment
reduction per
intervention

1. Hot axle box and axle

H(T)t box gc hot wheel detector

| | |
| | |
v v v

; MO®HY HPp 12%

ournal rupture systems

2. Excessive track width| n T n @ dfc Lrack geometry measurement 8,60%
systems

3. Wheel failure M Py T P mAxlevioad checkpoints 10,30%

4. Skew loading y 0 0 ® m|n Axle ¢oad checkpoints 5,95%

5. Excessive track twist | p p H ® ¢ [H Track Geometry measuring systq 6,58%

;”-L rriCk height/cant HY M ® @ Frack Geometry measuring syste 3,40%
Track internal inspection systems

7. Rail failures py T ®nH (DT Ultrasound, Eddy Current, 2,87%
Magnetic flux

8..Spr|ng & suspension M Py c p P pAxlelload checkpoints 5,62%

failure

ATEICEE T E M ®n dpn P cToted impact from interventions 55%

for the specified causes mp

their total costs, set of intervention procedures and potential impact

The following conclusions can be derived from the table above

A
A

A

A

Use HABD to reduce all derailments due to hot axle boxd2%y

Use AL to reduce all derailments due to wheel defects, skew loading and spring and
suspension failure b22%.

Use TGMS to reduce all derailments due to excessive track width and twist, track
height/cant failure and rail failures (1%.

Any combination of thee measures to achieve 20 % reductftivereby fulfilling the

D-RAIL target)

S055% of the total impact from interventions can be achieved withek@minedmonitoring
systems namelyHot Box and Hot Wheel Detector systems (HABR)e Load Checkpoints
(ALC) and Track Geometry Measurement Syst€n@&MVS)Given that,more than half of all
derailments (and tea 75% share of the costs) are addsed by these three systems.

This short list of proposed inspection ambnitoring system$ias been used as stargrpoint
for the RAMS and LCC analyses in WP7.
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3.3 Summary of WP3derailment analysisand preventior) findings

In WP3all mitigation measures for the given major derailment causese identified
Thereby welknown and already introduced measures are consdeas well as prototypes
and technologies currently under development. Finally the potential for new measures is
also indicated.

Causeconsequence chains related to the eight major derailment causes identified in WP1, as
well as further chains directly dagling to a derailment were described. Based on this,
mitigation measures in terms of systems or technologies, which allow monitoring of these
subcategories of derailment causes, were analysed. Thereby not only systems available on
the market were considerebut also welknown developments (prototypes, etc.) as well as
future monitoring approaches, which seem to be promising from a predapntperspective.

A rough estimation of the application level of mitigation measures was based on experts
directly involred in T3.1. This estimation has been more detailed fEBBE) SBB and SNCF,
following the established standard for Technology Readiness Assessimefdsk 3.1 an
overall evaluation approach for mitigation measures was developed. This appdresbeen
applied to make a cogpenefitanalysis for the implementation of dmoard and wayside
train monitoring systerm as well as recording cars based upon prevented damages of
superstructure, vehicles, etc.

3.3.1 Inspection and monitoring systems

A top-down analysis isacried out where causgonsequence chains are established together
with matrices linking potential mitigating actions to their current level of implementation.
Resllts are presented in D3.1

Example from D3.1 of the matrices created there to show all uariind of monitoring
activity:

Axle rupture is a structural failure of the axle which results in complete fracture of the axle
component and the inability of the wheels to support the bogies or vehicle. Axle rupture
includes fatigue failure of the axle duo repeated overloads, static and/or dynamic, and
thermal failure of the axles, usually in conjunction with an overheated bearing and
bearing/axle burroff.
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2 | subcategories of monitoring itoring target | @ | @ % | a 212 Q EREAR
S | derailment causes target type monttoring targe | =|&|8|8|G|2|l2|2a|s
c S| | ||| >|0|>5|>]|3
axle rupture preceding
1 (in general) causes cracks on axle c a|lc
> a}xle rupture preceding faulty running alb clala
(in general) causes surface
axle rupture preceding .
3 (in general) causes faulty suspension alb b|lc|a]a
axle rupture preceding
4 (in general) causes faulty frame a|b ¢
5 | axle fatigue preceding overloading al|b c
causes
preceding .
6 | axle fracture causes overloading al|b c
7 axle rupture due preceding faulty bearings b
to thermal stress causes (before overheating)
8 axle rupture due preceding Eg?/g)r/hk;i\?gggs a
to thermal stress causes .
bearings)
Legend:
T - track side a - measures, which are well known and widely used
V - vehicle side (in general) b - measures, which are already known but not widely applied (prototypes,
R - vehicle side (recording car) etc)
Y - (shunting) yard ¢ - measures, which might be relevant for the future
W - workshop

In the following the costs of the acquisition of mitigation measures are roughly estimated
and categorized io:

A High: >500.000 $

A Medium: 100.000 $500.000 $

A Low: <100.000 $

This estimated cost represents the cost of acquisition of these mitigation /monitoring
systems. In addition, there will be annual operating and maintenance costs as well as
amortization d the acquisition costs over a defined life cycle.
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Table8: Ranking of the mitigation measures according to estimated costs

Mitigation measure Mitigation measure| Estimated
type costs
Trackside crack detection Track side High
Vehcle profile measurement Track side High
Acoustic inspection Track side High
Optical monitoring of loading Track side High
Stress detector Vehicle side High
Track strength testing Recording car High
Acceleration/force measurements on wheel setl ~ Recordng car High
Geometry measurements Recording car High
Video inspection of rail, sleepers and fastening Recording car High
Magnetic flux or eddy current Recording car High
Ultrasonic inspection Workshop High
Axle load checkpoint (Q) Track side Medium
Axle load checkpoint (Y and Q, resp. Y/Q) Track side Medium
Hot box detection (infraredbased) Track side Medium
Hot wheel detection Track side Medium
Acoustic bearing detection Track side Medium
Laserbased wear measurement Track side Medium
iigﬁausljrzrrlngats:d evaluation of geometry Recording car Medium
Lasefbased wear measurement Recording car Medium
Ultrasonic rail inspection Recording car Medium
Acceleration/force measurement (lateral) Vehicle side Medium
Acceleration/force measuraent (vertical) Vehicle side Medium
Broken rail detector (signalling system) Track side Low
Visual Inspection Shunting yards Low
Visual Inspection Workshop Low

3.3.2 Potential measurenent/detection approaches

It is worth to mention that the content of thisection comes from WP4 and WP5.
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3.3.2.1 Track side measures

In this section possible track side measures are mentioned. Certain mitigation measures were
already investigated in the former project INNOTRA@HKv.(nnotrack.ey).

Axle load checkpoint (Q)

Track side (track based) measurement system for measuring the vertical wheel/railQafce
each wheel or each wagon passing over the checkpoint.

Axle load checkpoint (Y and Q, resp. Y/Q)

Track side measurement system for measgrihe lateral wheel/rail force Y, the vertical
wheel/rail force Q, and the ratio of Y/Q of each wheel or each wagon passing over the
checkpoint.

Trackside crack detection

Track side measurement system to detect cracks in the wheels and/or axles of egoh wa
passing over the measurement system site.

Hot box detection (infrareebased)

Track side measurement system for measuring the temperature of each bearing (for each
wheel) as the wagon passes over the measurement site. Infrared systems us®ntant
infrared temperature measurement technology to measure this temperature.

Hot wheel detection

Track side measurement system for measuring the temperature of each wheel as the wagon
passes over the measurement site. Infrared systems usecoatact infrared tenperature
measurement technology to measure this temperature.

Acoustic bearing detection

Track side measurement system for measuring the condition of each bearing (for each wheel)
as the wagon passes over the measurement site. -bmtact acoustic measuresmt
techniques coupled with acoustic signature analysis is used to detect acoustic signatures
which represent bearings approaching failure, but before they generate sufficient heat to
trigger the hotbox detectors.

Vehicle profile measurement

Track side masurement system for measuring the profile and condition of wagon as it passes
over the measurement site. Laser or other nommmtact optical technology measures the
width, height, and rotation (angle or tilt) of the wagon, to determine if the wagon has
exa@ssive movement or rotation (tilt).

Acoustic inspection

Track side measurement system for measuring the condition of each axle, bogie and wagon
as it passes over the measurement site. Montact acoustic measurement techniques
coupled with acoustic signate analysis is used to detect acoustic signatures which
represent components approaching failure, but before they are visible or otherwise
detectable.

Optical monitoring of loading
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Track side measurement system for measuring the load distribution anditmonaf each
wagon as it passes over the measurement site.-Samact optical measurement techniques
are used to detect improper load conditions or conditions of shifted load.

Broken rail detector (signalling system)

Track side measurement system for ntoning continuity of the rail usually by sending an
electrical signal through the rail. In the event of a rail break, the continuity of the rail is
disrupted and the signal detects the presence of the break, providing an indication of the rail
break. Usedvhen tradition, track (rail) based signal systems are not present in the track.

Laserbased wear measurement

Track side measurement system for measuring the profile and wear condition of each wheel
as the wagon passes over the measurement site. Lasertloer cmon-contact optical
technology to measures the width and height of the wheel flange, and the depth and profile
of the wheel tread.

3.3.2.2 General vehicle side measures
Lateral acceleration/force measurement

Wagon based measurement of acceleration and/or ésrto determine if, for each wagon,
excessive lateral dynamic forces or excessive movement of the vehicle is being generated.

Vertical acceleration/force measurement

Wagon based measurement of acceleration and/or fertedetermine if, for each wagon,
exassive vertical dynamic forces or excessive movement of the vehicle is being generated.

Stress detector

Wagon based measurement of stress in key wagon component (e.g. wagon body, bogie
structural elements, axles, etc.) for each wagon, to determine if skeestress of the wagon
components is being generated.

3.3.2.3 Vehicle side measures on recording cars
Track strength testing

Measurement of the gauge widening resistance (gauge holding strength) of the track using
an inspection vehicle that applies a controllateral (Y) and vertical (Q) load to the track and
measures the gauge widening of the track under this known load (together with the
unloaded gauge of the track).

Acceleration/force measurements on wheel sets

Instrumented wheel sets on an inspection veditiat measure wheel rail forces (using strain
gauged wheel sets or alternate technologies) and/or accelerations (using
vertical/lateral/longitudinal accelerometers mounted on the axles or bogies) to detect track
locations that generate these high levelsfarce or acceleration.

Geometry measurements

Inspection based measurement of the geometry of the track to include measurement of all
of the key track geometry parameters of gauge, alignment (lateral), profile or vertical
alignment, cant or croskevel, wist, curvature, etc. Usually using noaontact based systems

to generate a space curve or chord offset measurement or a direct measurement of the
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parameter as appropriate. Also used to measure an integrated value of each parameter over
a defined length fotrack to provide a condition index for each section of track.

Simulation based evaluation of geometry measurements

Establishing ayhamic simulation modebn the track geometry recording car in order
perform a reailtime analysidy using a continuougput stream of track geometry data. The
model generates response predictions for the car body bounce, roll angle, pitch angle,
vertical acceleration, and vertical wheel. These values are determinednogter-by-meter

basis for everyneter that input geonetry data is supplied. Using established thresholds for
these values, response predictions are assessed to determine if the rail vehicle is well
behaved, or if it exhibits adverse dynamic behaviour and derailment potential. The answer
can be used to iderfiy locations producing unsafe vehicle performance in the field and
provide the railroad with a defect report that will allow them to take fast corrective action.

Video inspection of rail, sleepers and fastenings

Inspection based system for using video camnand related optical imaging technologies to
record the condition of the track and its key elements, which are visible to an inspection
vehicle. This includes rail surface condition, fastener and sleeper condition, ballast surface
condition, etc. The ingection also includes the use of detection algorithms to aid in the
detection of track and track component anomalies.

Laserbased wear measurement

Inspection vehicle based measurement system for measuring the profile and wear condition
of rail at a predefied interval. Laser or other nerontact optical technologies are used to
measures the width, height and profile of the rail.

Magnetic flux or eddy current

Vehicle based testing of the internal condition of the rail using magnetic field technology
introduced into the surface of the rail to detect the presence of internal defects in the rail.
Usually used as a complement or supplement to ultrasonic technology.

Ultrasonic rail inspection

Vehicle based testing of the internal condition of the rail using ultngs wave technology
introduced into the surface of the rail (from ultrasonic crystals embedded in a fluid filled
wheel or sliding shoe via a couplant medium). The reflected ultrasonic waves are used to
detect the presence of internal defects in the rail.

3.3.2.4 Measures in shunting yards
Visual inspection

Inspectors perform visual inspection of both wagons and track in the shunt yard to detect
defects or unsafe conditions.

Using of WTMS

In some cases, the weight of the approaching vehicles is measured in ordetutte the

external wheelset brakes, so that the subsiding vehicles run towards the correct track but
R2y Qi O2tftARS 4A0GK (GKS |ftNBIRe& ad2LJIJSR 2ySad
5 ¢ 10%, so heavily overloaded vehicles can be identiflége precision for load imbalances
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of individual axles has to be proved. Also a comparison with the weight data in the train
composition list is possible (and if needed a correction).

Due to the low speed it seems very challenging, to find and to evathatseverity of wheel
defects. A minimal solution could be, to give some hints about affected axles to the wagon
inspector

3.3.2.5 Measures in workshops
Visual inspection

Inspectors perform visual inspection of wagons in workshop to detect defects or unsafe
condtions.

Ultrasonic inspection

Use of fixed ultrasonic measurement techniques to measure the integrity of key wagon
components such as axles and bogie frames in the workshop. Wagons or individual
components are brought to the inspection system located invileekshop for testing.

Magnetic particle inspection

Magnetic particle inspections are typically carried out at axles and solid wheels in workshops.
Thereby axles or wheels are magnetized. Metal discontinuities (cracks, etc.) cause a magnetic
flux leakagewhich can be made visible by the means of ferrous iron particles. Therefore this
technique helps to detect fatigue cracks and other defects at early stage of their
development (surface micro cracks with width from 0,001 mm and more, depth from 0,01
0,03 mn).

3.3.2.6 Systems defined by WP4 to be used for field testing HRBil
Detection of wheel defects (WTMS)
Automated system using visual inspection of the wheel (the wheel checke® fiart
Running stability monitoring ¢n-board)

For inspection of the wagon and bogie behavior (running stability monitoring): An embedded
specific monitoring systerg the Derailment Prevention Device (DRD)r inspection of the
wagon and bogie running stability in order to idenfpigtential fault deection in servicesee
chapter4.1 of D5.2

3.3.2.7 On-board monitoring concept

In D5.2 the orboard monitoring concept is described extensively, thus this section focuses
more on the benefits to be gained Inyonitoring system&quippedon regular trains

There ae two complementary conceptthat could bring an added value to the monitoring
policy of infrastructure managers. The introduction of monitoring systems on regular trains
would not replace dedicated recording cars.

Equipped regular trains allow more fregut inspections, as they could run on the track
several times a week, against some times a year for dedicated recording cars.

This could bring much more monitoring data becausadrvice trains, by definition, are
running more frequently on the railway tveork and on the European freight corridors on
which DRAIL focuses.
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Moreover, the recording car is of a given vehicle type. Extrapolating the dynamic measures
from this vehicle is thus reasonable for other vehicles of this type, however a different class
of vehicle may show radically different dynamic behaviour. Examples of extreme cases are
tilting trains and higkspeed trains. It seems not feasible to buy a recording car for every such
type. Installing monitoring devices on-service trains could bringelevant information for
several kinds of vehicles.

However, the cost of such installations must of course be taken into account, and basic,
cheap, robust monitoring sensors and systems should be considered to fit out part of a
freight fleet.

Even if the pecision of this kind of measurement would be lower, the information could be
very useful for infrastructure managers. For example, in order to predict track degradation, it
is much better to have a lot of points, even if there are more errors.

In this casethe regular trains equipped with monitoring systems would be able to detect

some previous indication about the condition of the infrastructure (track geometry

LI N} YSGSNEZ ONYOl1az YAaaiay3d laaSataxoo ' GKJ
lead the infrastructure manager to send a recording car to make more targeted measures on

the considered part of the track.

Recording cars require special train paths, which are a huge operational constraint for the
network exploitation. Using measuremerftem in service trains could allow recording cars
to focus on critical target and optimize the scheduling of recording cars inspections.

Indeed, in areas with high usag&here measurements are actually of large interesticks
are increasingly difficul to obtain due to traffic density. In addition, scheduled
measurements are increasingly relegated to raperating hours, where also maintenance
activities are scheduled.

For all these concepts, the track can be considered as a system. Measurements can be
analyzed in a combined way. That make even more important the concepts of data storage,
data communication, and condition based maintenance planning tools in order to make an
optimized use of all the data that could be recorded by these different proposit

This requires the application of robust, higrecision and available measuring systems in
combination with an appropriate ahoard and offooard analysis system.

Finally, the collected monitoring data, indicators and video monitoring results care ser
increasingly as a basis for decision making for safety decision, maintenance and renewal
work to be carried out on the track.

3.3.3 Potential modifications to minimize derailment risks

A bottomup approach has then been adopted in Tasks 3.2 and 3.3. Heresrioain
simulatiors have been adopted to facilitate detailed analyses of derailement scenarios. The
aim has been to define threshold operational conditions for derailments. Details on these
investigatons are presented in D3.2

As odlined in Deliverable 7L, DRails workpackage 3; Derailment analysis and prevention
identified 37 potential modificatiosto decrease the risk of derailmehtave been identified.
The costs of these potential solutions are roughly estimated as:

[A] ¢ verylow
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[B] ¢ moderate
[G ¢ high

Below, a condensed description of potential solutions and means of influencing is provided.
Please note that details are available in D3.2. Thus statements that may seem obvious (e.g.
Gaz2yAlG2NI YR | a4dz2NB | OOS LJi Ibaraie8 anél Godi Sarytng 2 T (0 N
extent) quantified in D3.2.

Flange climbing on the line and in switches & crossings
A Implementation of improved skew loading limits. [A]

A Improved definition of vehicle maintenance and handling limits. [B]

A Improved recommendationsf@llowed wheel/rail friction limits. [B]

A Extend track geometry assessment criteria. [A]

A Improved side bearer vertical bump stop clearances. [B]

A (Vehicle dependent) optimised primary suspension stiffness. [B]

A Improved definition of allowed amplitude andngth of isolated track defects. [A]

A Review and improve derailment assessment criteria in GM/RT 2141 and EN 14363.
[A]

A Avoiding too high wheel/rail friction. [C]

A Inspecting for, and mitigating chassis twist. [B]

A Reduced levels of allowed track twistc[H

A Reduction in allowed wheel force imbalance and/or tougher maintenance demands

for wagons in risk of experiencing sloshing. [B]
A Improved accuracy in monitoring (average) wheel loadsC|B

Wheel failures

A Improved definition of monitoring needs includingeted level of precision. [A]
Wheel failures due to excessive tread braking

A Design guidelines of wheels to improve resilience towards thermal loading. [A]

A Monitor and assure acceptable levels of tread wear. [B]

A Operational avoidance of subsequent brakeleyc[AB]

A Monitoring of hot wheels to prevent accidental thermal loading; B
Wheel failures due to mechanical fatigue of the wheel rim

A Maintain the surface roughness of the wheel disc at acceptable levels. [B]
Design guidelines of wheels to improveiliesnce towards impact loading. [A]
Wheel flat detection. [BC]
Monitor and assure acceptable levels of tread wear. [B]

Maintain thermal loading at reasonable levels through operational procedures and
monitoring. [B;C]

A
A
A
A

Wheel failures due to subsurface iaied rolling contact fatigue (RCF)
A Improve the definition of acceptable vertical load magnitudes with respect to
subsurface RCF. [A]
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A Maintain acceptable vertical load magnitudes by preventing / monitoring rail
corrugation and wheel owdf-roundness. [BQ

A Maintain and monitor a good wheel / rail contact geometry(B

A Ensure the norexistence of large material defects (at manufacturinggGA

A Ensure a proper contact load position (avoid contact close to the field side). [B]
Rail breaks

A More exact defirtions on needed inspection intervals and allowable crack sizes. [A]
Improved limits on allowable wheel loads (maximum). [A]

Improved definition of monitoring needs including needed level of precision. [A]
Better evaluation of consequence of introductionmbnitoring of rail foot cracks. [A]

Maintain and monitor a rail without major material defects. This includes head

checks, rail foot cracks, squats etoc(B

Maintain acceptable vertical load magnitudes by preventing / monitoring rail defects

and wheel ait-of-roundness. [BC]

A Maintain a proper stress free rail temperature and monitor deviations from this
temperature. Further assure that the rail steel maintains a high strength at cold
temperatures. [BC]

A Maintain proper track stiffness. {&]

A In cases whe the last four conditions have not been fulfilled, additional monitoring
is recommended. [B]

> > > >

>

3.3.4 Parameters that influence the risk of derailment

In addition the findings of WP3 have been employed to identifyc29cial parameters that
influenae the risk ofderailments as follows. Also here details on the influence of the different
parameters are elaborated in detail in D3.2.

Infrastructure parameters
A amplitude and length of isolated track defects, especially track twist
A rail friction
A ralil corrugation
A suppot integrity
Vehicle parameters
A side bearer vertical bump stop clearance

A primary suspension stiffness, especially transitional behaviour between tare and
laden loadings

A friction coefficient of sidebearer and centre bowl
A chassis twist
A improved wheel designnhits w.r.t. wheel breaks

Operational parameters
A braking practicegpower, time, repetitions etc.)

Monitoring possibilities
A More accurate measurement of wheel forces
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0 average force flange climbing
0 peak forceg rail break, wheel tread fracture
A Profile meaarements

o wheel profile measurements flange climbing, wheel tread fracture, rail break
o rail profile measurementsg flange climbing, wheel tread fracture, rail break
Temperature measurements

wheel temperatureg wheel fracture
rail temperatureg rail break

Defect (crack) detection

rail head

rail foot

"special structures"

A wheel

> > > > > > >

Improved criteria for allowed conditions
A wheel load imbalance flange climbing

A peak vertical wheel forcesrail break, wheel tread fracture
A lateral wheel forceg flange climbing
A

reduction in allowed wheel force imbalance and/or tougher maintenance demands
for wagons in risk of experiencing sloshgijange climbing

more exact definitions on needed rail inspection intervals and allowable rail crack
sizes during these intervals

A improved limits on allowable wheel loads (maximum)

A improved definition of monitoring needs (maximum vertical wheel force, track
stiffness, hanging sleepers, potentially lateral wheel force) including needed level of
precision

A consequence of introduction of maoring of rail foot cracks

A improved definition of monitoring needs regarding wheel break (wheel temperature,
maximum wheel force, wheel flat position, wheel and rail profiles etc) including
needed level of precision

>

3.3.5 Limit values for wheel load$or implementation in ALC

In synergy with the UHunded HRMS project, analysis data fromRBIL have been
employed to propose alarm limits for wheel loads. The intent is that these alarm limits will
be included in a UIC leaflet as a measure to harmonize allowed|wdasks in Europe. Such a
harmonized framework will greatly simplify for operators and train operation managers (that
have one set of limit values to consider), and also for infrastructure managers and
maintenance contractors (that can base inspection ivddsetc on a firmly established set of
alarm limits).

As elaborated in deliverable D3.2, the alarm limits have a very strong foundation in that they

are based on a structured limit assessment approach. Here established numerical models
(validated from fli-scale field test) are employed to analyze influencing parameters. In the
YSEGU &40S8SL) 406l R OFL&asS a0SylNnz2aé¢ o602NNBaLRyR,;
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conditions) are defined. Finally limit values on measured parameters are suggested and
operational consequences may be assessed.

While this approach allows for future modifications of established alarm limits, it steers
towards that consequences of any such modifications need to be evaluated within the
structured framework. In other words: the kan approach avoids the establishment of limit

g fdzSa ol aSR 2y G2LAYyA2ya¢éd | yR AyadaSIR |ff2g
decision that balances operational disturbances (that increase with lower alarm limits)
towards the size of cracks thate required to be found at inspections. Note that also e.g.
consequence of any future modification of allowed track geometry deviations (e.g. track

twist) can be assessed through the established framework.

The proposed alarm limit primarily focuses onoiaing derailments due to rail breaks
(vertical impact loads) and flange climbing (load imbalance). In addition they may decrease
derailments due to axle failures (by preventing axle box breakdown) and wheel failures.

The introduction of higher precisicdarm limits will not only decrease derailments through
more accurate monitoring, they will also increase overall transport safety by arresting only
derailment critical vehicles. This will decrease operational disturbances and costs and
improve the compsetiveness of railway in comparison to road traffic (which is a mode of
transportation that is about 50100 times less safe than the railway).

Below is a short summary of the proposed alarm limits. Wagons that exceed the proposed
limits should not be alloed to continue unless continued operation below limit values can
be assured.

Proposed alarm limits for vertical peak loads to prevent rail breaks

A suggested limiting peak wheel load@f.x = 350kN is proposed. For temperatures more
than 20°C below stes free temperature, the limit is ramped down to a limit@f.«=250kN
at 40°C below the stress free temperature.

250 & =#= 5 mm foot crack
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Figure8: Proposed alarm limits for vertical peak loads, and corresponding critical loads for selected lehgths o
F220 | yR KSI R @Nithédd Tasthe cufrdhGandkTO thd strekbgifree temperature.

Limit values related to skew loading to prevent flange climbing

A limit value for skew loading is proposed as
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= I—a £1

kX, +m
Where is the maximum axledd imbalance (maximum quotient between forces on left/right
and right/left wheels for all axles of a wagon) and the longitudinal imbalance (largest of the
guotient between sums of forces on front/rear or rear/front bogie of a wagon). Further
0.25 andmn =2.05.

Ian

In addition a maintenance limit for skew imbalance for unloaded vehicles is proposed
asly<1.3, and a stop limit ad4 <1.7 where |4 is the largest quotient between forces on

diagonally mounted wheels. This is to deteetisted vehicle frames for maintenance
proposes.

T T =/
L :,_(u i A
g T T 1 T
iy L
= T

Figure9: lllustration of force quotients, from left to right Id, la, llo.

For wagons in risk @fdditional sloshing loads, the limit values should be decreased by 20%
to account for a worstase scenario. Potential reductions in limits for tade wagons are
currently being investigated.
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3.4 Summary of WP4inspection monitoring echniques findings

WP4 has provided a detailed review and critical assessment of current inspecting and
monitoring techniques relating to derailment prevention and mitigation. Inspection and
monitoring must be considered for both the freight vehicle and track aspects and the
AYGSNY OGAzys (GKS WFNBAIKGI aeadsSyQeo ¢KS (SOKy
solutions currently available related derailment prevention and mitigation.

This studyperformed in D4.1includes, along with a selection of case studies:

A Trackbased inspection and condition monitoring equipment,
A \ehiclebased technologies and specific recording cars withboard systems, and
A \ehicle identification using video or Radio Frequency Identification (RFID).

An assessment of selected monitoring gyaswas presentedo determine their ability to
capture key derailment parametersncludingsome features, advantages and limits of the
selected systems. A set of evaluation parameters was generated and a rating scheme
developed in order to quantitativelgvaluate the systems.

Based on this assessment, a gap analysis performedto determine what functions are

missing and what technologies require development in order to improve derailment
prevention. These resultsre RSAONA O SR Ay 5 Stem @dhakceménss, 5n dH
RSOSt2LIYSyda FyR FdzyOQuAazylf aeadSy &aLISOATAOL
As mentioned, an assessmematrix presenting methods to prevent or reduce the most
common derailment risksvas generated byhe DRAIL project teamn WP3 and WP4

Ranking of the effetiveness and efficiency of each method has in next step been made by

the project team. Results are presenté@ud Table9. There are 8 rows presenting the most
common root causes to derailment and 13 columns presenting techniqueketect these

root causes. Also added are columns that cover effectiveness and potential for improvement.

In WP7it was found out that the approach regarding the use and value of monitoring
systemsare in line with the conclusions of the assessment matri

Each of the 8x13 cells is then divided into 9 sub cells. Each sub cell represent an assessment
parameter indexed A The colours in the sub cells reflect the assessment ranking. A green
field means the technique is performing well on that parameteyetdow field means the
technique fulfil moderate expectations and a red field that it gives low or none contribution.

The interpretation of this matrix is difficult to generalize. The selection of preferable
techniques to implement in a target environmeiststrongly affected by e.g. the technology
level in that environment, the track standard, the traffic volume and also the maintenance
routines in use.
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Table9: Assessment Matrix ranking monitoring and inspections methods regatt#ig ability to prevent or

reduce risk for derailment
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An important output of this assessment is to identify what system aspects require to be
improved and/or a newly introduced in order to reduce and prevent derailment occurrences.

These results of # assessment are one of the main outputs of this report and can be
summarized as:

A Axle load checkpoints are beneficial for checking parameters related to derailment.

A The hot box detectors of today are efficient, but defects detection can be made
earlier with acoustic bearing detectors.

A Inspection of wheels from wayside stations could be further improved.

A Inspection of the infrastructure by track geometry measurements tends towards
compact noncontact optical systems to be installed on nearly any velaicteat high
speeds in order tallow forshorter inspection intervals without affecting track
availability. Moreover, the geometry measurements should be made close to or under
a test wheel with controllable vertical and lateral loads to also cover syst&grity.

A Rail defect detection would need higher inspection speeds to reduce time in track.

The existing situation in Europe regarding the prevention of freight train derailments through
implementation of automatic inspection and monitoring systems iseptable. However,
considering the latest technical innovations and developments, there is a significant potential
improvement (see D4.2).

Some functional specifications for improvement of existing monitoring technigues to
decrease derailment occurrencessmmarized below

Tablel0: Proposition of enhancement for inspection and monitoring systems

Version Measuring Potential improvements

STl Measuring other| Accuracy Range

relevant to ,

. parameters with addecd
derailments
sensors

Axleload Skew loading
checkpoint wheel failures, ID vehicle

bogie failures
Hot boxwheel | Axle box T° Able to detect failure | Analysis of emissivit
detectors on ' ici
avside Brake T° b_efore overheating, cpefﬂment o]

y with Hot box detectors increase the
on board accuracy
Wheel profile | Wheel Cold crack detection,
and diameter | parameters Measuring crack
systems growth, measurement
at higher speed,

Acoustic Axle  bearing Prediction of baring
Bearing condition, failuresseveral
Detectors wheel flats journeys in advance
Track Track geometry |mprove simulation Track geometry | Higher
Geometry parameters based evaluation, parameters speeds
Measurement Measuring onboard | measured under loag for track
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Version Measuring Potential improvements
ST Measuring other| Accuracy Range
relevant to ,
. parameters with addecg
derailments
sensors
System dynamic responses | TGMS embedded or strength
regular trains
Rail Profile Rail wear Recognition of the rail
system reference
Accelerometer| Longitudinal
defects
Ultrasonic Deep defects i
testing Higher speed
Eddy current | Near  surfaceg -
testing defects Higher speed
Visual Surfacedefects
inspection Database of

Missing/broken components Mix

a§395 several technologies
(fishplates OH5Y 05
fasteningX 0

Find smaller defectg

The approaclwasbased on the parameterthat need to be monitoredhighlighted in WP3,
and its purpose is thedentification of the missing functions imxisting monitoring
techniques, and the proposal of innovative technologies able to reduce these gaps.

To improvemonitoring of vehicle loadng conditions, optical vehicle profile measurement
systems, alreadysed to chek that freight is within loading gaugare promisingechniques
used to detect improper load conditions or conditions of shifted load.

For suspension failures, stress detectors might be a relevant monitoring technique for the
future. It consistof wagonbased measurement of stress in key wagon component for each
wagon, to determine if excessive stress of the wagon components is being generated.

Automated wheel tread condition monitoring detectors are needed more and more and
need to be developed.rdck sde measurement systesnare designetb detect cracks in the
axles (and/or wheelg of each wagon passing over the measurement system Siteh
systems are only at a prototype level, but first results are promising, so they might be
relevant for the future Technologies used are naestructive (High definition cameras and
bespoke high intensity illuminating system, Ultrasonic scanning, Electromagnetic scanning)

For internal cracks; there is no effective solution except ultrasonic inspection in workshop,
which is not widely applied. Some wohias been done in the US to perform ultrasonic
inspection under moving wagons.

Regarding track geometry measurement systems, some functions that have been identified
as relevant for reducing derailment occurrence are fudfilled by the existing systems, like
poor fastenings or sleepers leading to an excessive track width. This monitoring can be done
by automatic video inspection of the railway assets. Systems, which monitor these
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parameters, are available but they aegpensive, and each individual system generally only
inspects one or two of these parameters, making systems which cover the whole range of
track condition parameters even more expensive. It is proposed that such a system should be
able to inspect all tharack components and their condition, including rails (rail surface
RSTFSOGav IyR oFlfflrade {2 GKS dziaftAraldAirzy 27F
be relevant as it can deal with several subcategories of derailment causes.

Once again, a peftial for enhancement of track strength measurement systems is the
capability of measuring at higher speed to cause less disruption of the train service.

One major improvement would be to define precisely the needs of the different users. IM
will have diferent aims than RU. Based on that, the definition of measured values and
intervention concepts will follow. From the European perspective it is necessary to
harmonizethose attempts. This is actually done within the UIC project HRMS (Harmonisation
Runnirg behaviour and noise on Measurement Sites).

Only measugment systems withhigh accuracy and availabilitgan provide support for
infrastructure monitoring and for maintenance planning. Thebmard monitoring devices

must be able to run at track speed ander to save time and not disrupt the freight traffic.
Thus, they can reduce or even replace manual inspection (save resources, increase personal
safety, potentially improve accuracy, minimize traffic interruption)

Final 2 (PY 56 (100)



DR-D7.4-F2 Industry guidelines/standard for the implementation of monitoring techniques

3.5 Summary ofWP5(integration of monitoring techniques)indings

WP5 discusses the interactions between the technical components to form the monitoring
network of an infrastructure manager as well as communications between infrastructure
managers (IM) and railway undertakings (Rléntities incharge of maintenance (ECM) and
vehicle owner (VO) respectively.

By developing bisiness casesith the assumptionsregardingthe number and placing of the
systems considering tae different types of scenarios agefined in WP5These served as
input for WP7 forthe costbenefit analyses and the LCC analyses, to demonstrate the
derailment risk reduction and the possible achievement of 20% LCC redudinase
scenarios based on tHausiness caseme presented in the table below

Tablell: Investigated business cases

Business cases Countries with high automation, Countries with low automation

Number of additional| (a) Protection of dedicateq Installation of first systems
systems infrastructure components

(b) Installation at  border
stations

(c) Loading  stations  (e.g
harbaours)

Cross border datg Derailment reduction due to pa| Derailment reduction due tg
exchange between IV European data exchange few bilateral cases

Data exchange in th¢ Derailment eduction due tol No actions
wider sense of CSN data exchange
(e.g. between IM and
ECM)

In the courseof the development and assessment of business cases WP5 has developed a
concept for the estimation of the number and placement of inspection and monitoring sites.
This concept proposes a categorizatito cover all upcoming systems and to answer the
guestion of positioning in the network of an IM by considering ékestingexperiences of IM

with WTMS. And the categorization will in principle also apply tebasrd systems
monitoring the infrastructureThe details of the business cases are listeBrior! Reference
source not found.

The results of the LCC analyses regarding the business cases are presented in D7.3 and in
section 2.1.3 of this report.

Particular emphasizehall be given to the fact thagvery country is facing different needs
from their perspective. These arise on one hand from the different legal framework as well as
safety management approach. On the other hand, other relevant boundary conditions due to
geographical conditions, such as curve radii and track steepness, low temperatures,
occurrence of natural disasters or the amount of infrastructure elements such as tunnels and
bridges to be protected with WTMS are different, all of which cannot be influkrme
directives (safety, interoperability etc.)
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The divided role and responsibilities of IMs and RUs poses new questions due to the use of
monitoring systems. Installed WTMS owned and managed by the IMs are increasingly
stopping norcompliant vehicles afhe RUs and ECMs, principally with the aim of protecting
their infrastructure from damage (i.e. not to prevent derailments). The present legal
framework has to be adapted for future needs since roles and responsibility of the actors like
IM, RU and ECM ahge. Most notably the IM gains better insight into individual vehicles
requiring maintenance than the RU and ECM, whereas the impression arises that RU/VO lose
their technical competence in the field of whemlil interaction. As outlined in CSM for
Monitoring, the IM has an obligation to inform the RU/ECM of his knowledge, but the
RU/ECM remains fully responsible for safe conditions of their vehicles, be it maintenance or
loading.

Thus, the deployment of systems by an infrastructure manager that moriwcondition of

I N} Afgl& dzy RSNIF{1Ay3IQa GOSKAOf Sa aKz2dzZ R y2i
would have adamagingeffect on safety. Infrastructure managers could evade the risk
transfer by not deploying WTMS and thus miss an important toaugmenting safety. A
regulatory climate that facilitates and does not hinder WTMS deployment is necessary.
Additional legal risks relate to intentional acceptance of residual risk (by less restrictive
thresholds or less than perfect system densities) ointentional risks due to human error,

deficient equipment, maintenance windows. The document presents a simple and tested
approach to address these risks.

The infrastructure manager derives significant benefits from deploying WTMS in an
integrated approahk. These include improving security of the railway transport, improving
the infrastructure availability, decreasing the infrastructure damages, lowering the total train
delays which lead to better timetable performance, customer relationships, and insight
network by usage statistics and trend analyses.

Railway undertakings and vehicle owners can also derive important benefits if they receive
data from the IM: information on the quality of the operated rolling stock, reducing delays,
certification, maienance cost optimization, intervention planning after defect detection,
providing delay estimations to customeidaintenance Optimization, in particular, can have

a significantimpact in improving railway freight competiveness with road transport dhug

to difficulties in exchanging data between IM and RU/ECM, howehist,is currently an
exception.Present data exchanges relate to maintenance optimization, comfort increase or
operational simplifications and is not a part of CSM Monitoring.

3.5.1 Approachesdr data exchange

Nowadays maintenance on railway vehicles is scheduled without informandhe actual
conditions of the vehicle since no such data is available to the wagon keepers. Condition
based maintenance can decrease costs (by prolonging the emginte cycles) and improve
safety (by shortening the cycle in case of indications of faulty behaviour).

Making data on a vehicles performance such as information collected by axle load
checkpoints available to wagon keepers is an important first step tdsvaondition based
maintenance.

Today, data exchange across borders is based on bilateral agreements between IMs. To
enable pan European use of monitoring data, three different data exchapgeoachesare
presented belowwhich represnt different levelof harmoniation:
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A National driven (= business as usual)
A Bilaterally harmonized
A EUwide harmonized

Technically, the implementation of these approaches was discussed in D5.1, awpemeric
approach to data exchange was recommended. Additionally, it wasusiied that this
approach can be implemented in a central or a distributed architecture.

In the following the three implementation approaches are discussed followed by
requirements forthe implementation of the generic approach.

3.5.1.1 National driven (= businesas usual)

If data exchange activities are driven by eachiriependently only very limited use cases

are available. An IM could exchange data with RUs operatingenetwork, although RUs
operating on several infrastructures might have to implemerffedent data exchange
models. An exchange with neighbouring IMs would only be possible along the lines of one IM
setting the standard and the other IM converting the data, if at all possible.

To successfully improve the maintenance of vehicles, the sidocaf WTMS data to the
vehicle ID is a very crucial aspect.

3.5.1.2 Bilaterally harmonized (norunified data transfer)

A Europearwide exchange of monitoring data without unification means that there are no
standardizations regarding the interfaces, the transius protocols and the datformat.
Typically, the data exchange takes place between only two parties, who specify the transfer
within bilateral agreements. For parties who would like to get access to monitoring data of
many providers (infrastructure manags) in different countries there will be a huge entry
barrier, because they will be confronted with a plethora of different exchange specifications.

This simplest of all concepts would be the practical outcome of an uncontrolled growth of
European netwdk for monitoring data exchange. Due to its disadvantages, this concept
should not be seen as a European solution.

3.5.1.3 Fully harmonized (unified data transfer based on harmonization)
(1) Monitoring data exchange

The harmonization of the data exchange has torgotee, that monitoring data which is
acquired by any harmonized system in Europe can be exchanged to any qualified data user
without necessity of translation or other adjustments. Thus a general transfer protocol for all
kind of measurement data has to beveloped. This definition has to be done independently

of the specific monitoring systems, which is a fundamental prerequisite for the extensibility
of the monitoring by new systems. This will be a big advantage in samitdlongterm view,

where the reyuirements for monitoring will change due to changes in the general framework

of railway (wagon constructions, etc.) and due to technological progress in measurements
and sinking prices of measurement components.

(2) Monitoring systems

The harmonization osystems is independent to the harmonization of the data exchange,
even if an implementation of harmonized monitoring systems without an implemented
harmonized data exchange reduces the advantages dramatically (due to different and/or
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system specific protmls major efforts have to be made for exchange comparable
measurement data to all qualified data users in Europe).

Some immediate gain can be obtained by direct intervention on vehicles, but a much higher
gain can be obtained by an integrated approachjtancourages thecollecton of vehicle
characteristics over time, permits an intervention mode that balances needs for safety with
operational aspects (eliminating false positives while keeping true alerts) and allows for more
robust uptimes and higherystem densities at the same cost. In addition, the integrated
approach allows for an exchange of data between involved parties. It has to be discussed if
the exchange is only between IM or also RU, NSA and/or VO.

The following types of information could lexchanged: measurement data, pa@alysed
measurement data, measurement data and interpretation rules and/or operational data.
Depending on the data types to be exchanged, conditions on standardization are different
(peerto-peer versus centralized exchg® nonunified versus harmonized protocols). It is
understood that many systems are already deployed and in use which restricts the degrees of
freedom significantly. The practical experience today is with jpeqreer norrunified
exchange, but protocol henonization is certainly a desirable step. Use cases for data
exchange are bordesrossing trains, trend analyses of train operations and infrastructure
usage, use of different and new monitoring systems as well as maintenance optimisation.

More relevantfindings from WP5 in terms of implementation and migration are presented in
chapter4 of this deliverable.

3.6 Summaryof WP6(field testing and evaluationjindings

3.6.1 Analysis of tests for the validation of numerical simulations

In the DRAIL WP3: "Derailmenya f @ A& YR LINB@GSYylGAz2yé S@It dz
particular, the evaluation was used to estimate crack growth and conditions that cause rail
break. The evaluation was carried out both for rail head and foot cracks. For the foot cracks
located at the foot edge, it was identified that also lateral bending of the rail may have an
influence that cannot be neglected. However from the available experimental and
operational data, it was very difficult to quantify how large this influence was. Forethson

it was decided that tests would be carried out IRRBIL WP6. These tests consisted in
measuring the longitudinal strain at the rail foot.

A 3D FE track model was developed and calibrated towards lateral and vertical bending
stresses obtained froran experimentally tested rail track section. The calibrated numerical
track model allows for the prediction of bending stresses in the outer rail foot also for load
conditions outside the studied range. For the conditions studied, the resulting stresgesha
close to linear dependence on wheel forcdsat can be estimated by simple linear
approximations.

The high values of the lateral bending stresses predicted under more severe conditions imply
that the influence of lateral bending cannot be neglectedarling crack propagation (and
fracture) of rail foot cracks.

Further research needs

More rigorous inspections of rail foots in highly loaded track sections (e.g. sharp curves and
switch blades) can be motivated.
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3.6.2 Analysis ofvehicle andwaysidemonitoring technologyfield tests
The MERMEC Wheel Checker

The MERMEC wheel defects checker has been proposed in WP4 and has been tested within
Task 6.2. It is wayside monitoring system placed near the track in order to monitor and
inspect the running band of theheel by means of vision systems. The images are captured
by a digital camera and a lighting system. The main target of the wheel checker in order to
reduce the occurrence of derailments is a detection of defects and breaks on the wheel
flange. Other targeed defects are considered to be all included in the running surface of the
wheel, such as shelling, spalling, flat spots etc.

Lots of acquisitions have been carried out. Different trains have passed through the system
and hundreds of pictures of wagon wéle have been taken. In the second phase of this
testing, some artificial defects have been created to assess more precisely the capability
of the monitoring system.

The participéion on the project and the testing of the wheel checker prototype in Barrow
Hill has permitted the assessmeot the system TRL. The step forward was to bring a new
functionality of the system that is defect detection on the wheel ian

Further research needs

A Increasing of the robustness of the system in order to avoid even deanp
breakdown and tgrevent any missing of a tirmand of any defect on a wheel

A Improving the image processing in order to adapt it automatically to any kind of
wheel, any kind of train.

The FAIVELEY bogie stability sensoring system

The Faiveley inshality sensoring system has been tested at the VUZ teditfaon the small

and large circuit within Task 6.3. It is anloward system designed to detect bogie stability
problems and, if required, to issue alarm according to the level of detectiorheAattual
design level the sensor is able to log the 3 axis acceleration rates and to detect high
acceleration pattern in time domain.

The system was installed on a flat car with which five selected types of instabilities in vertical,
lateral and longituchal direction were realized. The gathered data of accelerations were
analysedn order to prepare software in the sensor for the detection.

Further research needs

Data treatment includes:
A data review by mathematic analysis software PC based
A algorithm fordetection simulation on PC
A implementation of software algorithm in the sensor
A

verification in the lab by dedicated test bench.

The DAKO derailment detector
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The DAKO detector was also tested at the VUZ test facility. The detector is a newly developed
device which is designed to detect derailment and significantly reduce the impact of
derailment. The principle of the detector is to measure a vertical acceleration of a vehicle
headstock. The detector is mounted on bdtieight wagonheadstocks. When sery hgh

shock occurs on the wagon headstock, the device is activated and makes the train brake.

The functionality of the prototype oDAKO derailment detector was successfully verified
during the testing period when the device was not activated dunrogmal @eration
running and was activated after the vertical acceleration of wagon headstock redlcbed
defined value

Further research needs

The testresults provide a good information for the development of another version
of detector which will be primarilydesignedfor passenger coaches. Thige is equipped
with an electronic indicator.
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3.7 Recommendations for the use ahonitoring systemsbased on technical
and economic results

In the following the important recommendations for the use of monitoring systérom
technical (RAMS analyses and risk assessnaaatleconomic (LCC analyses) perspective are
presented.

From atechnical point of view

The riskand LC&@ssessment of WP7 shows, that the proposed LCC reduction 3020 of

all derailmentsand the eduction of severe events by-8L2 % in 2050 is possible. In order to
reach this goal somEuropewide measures as well as some national based ones have to be
taken.

Further, te risk assessments suggest that if a focused strategy for targeted implementatio

of the measures is considered then the safety case for implementation is improved and, in
particular, Axle Load Checkpoints and Track Geometry measurement systems become more
easily justified.

Synergies between freight and passenger trains should beoighlas much as possible,
since the derailment costs and safety impact for passenger train derailments are much higher
than for freight, especially when passengers come to harm. As a large part of the freight
corridors is used by mixed traffialsofreight can benefit from the business case for reducing
passenger train derailmentend vice versa

In addition, 1 is likely that in states, or specific locations, where risk levels are higher than the
assumed levels ALARP conclusions of the case studyasdessmentgsee2.1.1 and D7.2)

are based on average national freight derailment risk levels currently estimated for
Switzerland and Great Britaithe potential for improvement in safety is likely to be higher
and therefore more easily justified due the proportionally higher safety benefits due to
implementation of proposed control measures. This might be the case where higher
derailment rates have been locally observed, or there is a higher than average density of
mixed traffic, or for dangerous goedcorridors where potential consequences of a
derailments are higher.

Risk assessments and rigkated decision making are activities on the level of every national
actor in the railway industry. Therefore the installation strategy of interventions cabaot
homogeneous for all of Europe (not to forget about the already existing variability in Europe).
Different national risk assessment criteria and local conditions will lead to different optimum
solutions, considering e.g. geography, climate, infrastmectietwork conditions, traffic mix,
traffic speed, track utilization, vehicle types, commodities of goods. Taking into account
further systems installed not only due to safety reasons but also due to customer needs, the
variety will increase additionally.

It must be notedthat risk analysis and risk assessment should be conducted in line with the
Common Safety Method on Risk Evaluation and Assedsftiee CSMRA) and the CSM for
Monitoring. The ERail project supports the principles in the CSM for Monitoring in that it is
seeking to develop a strategy for improving current operations with regards to freight
derailments within a European framework.

As part of a transport operators safety management system (SMS) review processes when
individual states decide to implement the strategies recommended by the output from-the D
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Rail project they will have to do so in compliance with the &&Mf the proposd change is
identified as being a significant change.

Railway systems have grown in complexity. Even though strong focus on performance has
been placed, realizing a high level of operational availability has been a great challenge over
the time. Simultaeously, the life cycle costs have been increasing. With increasing
complexity, higher traffic demand, and limitation in budget, the importance of developing an
effective solution for technical failure management of railway system, has increased. Hence,
due to continuously increasing requirements related to safety, dependability, cost and
sustainability, improvements in the methodologies and procedures for failure management is
expected.

In order to protect against derailmem.g.due to a hot axle conditignhigh level reliability
performance of HABD is vital. Higher reliability of H&BDntributes positively to detect any

hot axle condition, and lower the derailment likelihood and consequence. As shown in the
RAMS analysis, field reliability can be immavthrough an applicable and effective
maintenance strategy. The application of selected case studies shows that the framework of
RAMS and LCiS operationaland provides a robust approach in underlying the RAMS
concept and building the basis for proposBBAMS analysis to deal with derailment and
prevention/mitigation of derailment.

The objectives of safety and availability in operation can only be realized if the requirements
regarding reliability and maintainability are constantly met and the ongoingrierm
maintenance as well as the operational environment isngpenonitored.

Froma economic point of view

The DRail objective is to reduce theCOrom derailments byl0-20% and the number by-8
12%considering an increase in traffic until 209@ere, te focus is or.CCand not on the
number of derailments, as the vast majority of derailments occur in shunting yards with very
low damage. The much rarer opérack derailments are much more serious due to higher
speed, mixed traffic and expensive infragtture elements and are thus responsible for more
than 80% of the costs.

The following claification in terms of the right interpretation of the presented economic
results should be consideredThe two approaches regardirtge costbenefit analysis and
LCCanalyses are different in terms tifie boundaries used input dateand outcomes etc.
Therefore the results of this two approaches can'tdmmparedand should be interpreted
based on the givescope, objective, used data and assumptiooscerning each gpoach

As stated previously, the cebenefit analysiscalculatesthe cumulated costs by taking into
account the additional benefitand the depreciatiorby usinga discount rate.The outcome

of the costbenefit analysisndicates theeconomic benefitthroughthe ratio between costs

and benefitdoy saying whether the costs or the benefits predomin&i#ile theLCC analysis
assess all costs incurred within a given system during the technical life cycle considered for
this systemusing the discount ratei. e. all paymentsg also future paymentg needs tobe
referred to a reference dateising the discount rateContrary to the costbenefit analysis

LCC analysis does reainsideradditional benefits.

Commonly both approaches indicate the economic benefitsonitoring systems. For both
the cash flow is very importareind the fiture cash flowshave to be discounted to the
starting point of the study period However, the discounted cash flow is obtained by
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multiplying these factors with the annual costs feach year and the result of these
accumulated costs is the New Present Value (NPV) for each of the alternatives.

Given that, WP7 used both approacheso demonstrateon the one hand the economic
benefits of the considered monitoring systen{through costbenefit analysis) and on the
other handto provethe achievement of the 20% LCC reduction depending on the number of
additional monitoring systems (through LCC analyses). However, the different objentives
the context of BRailWP7 implythesedifferent gpproaches.

Based orthe outcome of cosbenefit analyse®y considering additional benefitéxle Load
checkpoints (ALC) anfrack geometry measurement systerfiB<GMS) are beneficiahxle

load checkpoints have a remarkably good ratio between costs andfibeniack geometry
measurement systems showggeaterefficiency ratio in the codbenefit analysisThe safety
business case (see D7.2) is already marginally efficient oowits but combined with
maintenance effects the business cases becomes muderbét fact, the track is the most
interesting part for maintenance optimization as it is the biggest single cost block of an
infrastructure manager. Minimal improvements in this area act on a very large financial lever.

The outcome of codbenefit analyss onsidering hot axle box detectiofiHABD) is thathe
costs in both scenarios are very high in relation to the bendfiee Table 2) and thus
unfavourable due to evident reasonssuch as: theplacement strategyis a densitybased
approach the safety benefits are rather low, which can be explained by the already
widespread use of HABD in many countaes thelow maintenancebenefits

Contrary to this, HABD brings financial benefits in the LCC an@lysitable5), considering
the whole life costs without additional benefitfhe LCC analyses demonstrate that the 20%
LCC reduction can be achieved with less number of additronaltoring system&oncerning
HABDand ALGhan assumedhumbersby the WP%usiness cases. That is to say that330
additional HABD device@instead of 790 assumed in the business cases of VER5)
necessary to achieve 20% LCC reducfidre differences is explained by the fact that WP5
estimated the additional number of maoring systems and the actual needed additional
number is based on the LCC outcorBe number of additional ALC installations needed to
reduce the LCC by 20% is only ca. 40 (assumingn®&dsuring accuragyand ca. 210
(assuming 50%measuring accuragyespectively.

However, focusing more on ALC would lead to more financial benefits. So the installation of
additional ALC generates more benefit than installing additional HABD, as there are already
many HABD in use.

Regarding TGMS it was shown, thée LCCreduction by 20% can not be achieved
considering the given boundary conditions defined in the business cases of WP5. The reason
is mainlythe low number of avoided derailments due to the assumaehsuring accuraoyf

60% Provided that theneasuring accarcyof TGMS idetter than (in this case assumed with
90%), the rate of derailment reductionincreases andhe benefit in terms of 20% LCC
reductioncan be achievedBut it is difficult to estimate the risk reduction, also because
guantitative data coud be providedwithin D-Railin this area The risk reduction can only be
estimated as it is not only dependent on detection, but also on intervention

It can be statedthat TGMS has the highest potential maintenance cost optimization
(assumedlp a Al® peeforming conditiorbased maintenanceas indicated in D7.3)50
TGMS becomes very interestifrgm a maintenance perspective in terms of better usage of
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measurement data foprediction of trend analysis and performance of the right intervention
In addition, the transitionfrom corrective maintenance to enhanced conditibased and
predictive maintenancevould be enhanced.

The resultof the performedLCC analyses are supposed to be considene@r theprovided
input data and boundary conditicn

It is necessary to bear in minthat a causal link between the required number of additional
monitoring systems and their life cycle costs (LGQ)ot absolutely definitiveConsidering
these case studies is not recommendable to increase the numbmrinstallationswithout

an (LCC) analysas this approach does not lead to a LCC benefit automatically.

However, the goal should be to identify cedtective solutions in terms of an integrated
system (prevention and mitigatiotfat alsotargets seeral derailment causesBy doing this,

a right balance between the increase of investment, maintenance and operating costs
compared with the saved cost due to fewer derailments shouldibeedat.

Given that, not only the additional number of installat&grbut the efficient deployment of
the installations at appropriatesites linked with high measuring accuracymeasurement
accuracyxreates an added valuén this context riskbased decisiompproachconsidering
important aspects (legal, financial, eaf management(SMS, CSMRA), directives and
regulations requirements of the concerned infrastructure manager, operational necessities,
traffic volume, specific boundary conditions etand the selection ofappropriate locations
need to be taken into acwnt.

Regardinghumber and location of additionainstallation sites

Hot axle box and hot wheel detection systems are already in-gjinlead useBased on the

risk assessment in WP7.2, the benefit from additional systems is limited, however it should
be enphasized that some countries have virtually complete coverage and others almost
none. In the latter countries, significant benefit can be derived from HABD as it is a mature
technology with low entrance hurdlehe general approach in all countriesuld be the
same, namely a densityased approach, i.e. one installation every x kilometresile the
amount of kilometres is defined per countayd local conditionsbased on the individual risk
assessment

For ALC, a ridkased approach makes more sensartha densitypased approach. As such,
sites will be chosen at border stations, shunting yards, and major ports as well as to protect
expensive infrastructure elements such as tunnels. This leads to an irregular distribution
across countries, and it is narprise that the highest current use is found in countries with
many border crossings, shunting yards and tunnels, combined with higher operating speeds
Axle load checkpoints are extensively used in some countries, but have not yet achieved the
same overll penetration as HABD. Since they cover several derailment causes, their
potential is high.

TGMSdetect several types of derailment causes and were shown in D7.2 to be an efficient
safety measure. These systems are in wide use in Western Europe, buifigasig benefit

can be derived in countries that do not make use of this technology.

LGQa 200A2dza GKIFIG Y2NB o0SYySFTFALG OFy ©6S RSNZ
measurement data for maintenance activities. A way of data collection is to enhance on

board devices monitoring the status of vehicles, advanced recording cars and regular trains
equipped with monitoring devices. The benefit can manifest in reduction of the maintenance
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budgets by more efficient and effective monitoring of the railway infiasture and rolling
stock and a better control, planning and balancing of maintenance and renewal activities.

Assuming the number of measurement céwsoe 20 (high scenariaj allmember states an
inspection interval of every two year can be performedisT number of additional
measurement cars might be sufficient to identify rough failures, but not sufficient enough to
catch more relevant failures in order to predict tremohalygs. Thus the focus regarding
TGMS should be on obtaining of additional bétsefather than on additional deployment of
installations.

The risk reduction (and the increase of safety respectively) regarding TGMS is not only
dependent on detection, but also on interventi@nd on correct limitas stated before. In
addition, the incease ofmeasuring accuracgf TGMS is the more efficient approach to
achieve benefit instead of on additional deployment of measurement cars.

However, decisionon a reasonable number of measurement sitgsould alwaysbe risk
based, e.g. taking into aceot the risk landscape of the concerned infrastructure manager.
Relevant are:

A Nontechnical measures compensating the risk (e.g. train observers and listemers)

A Expected damage from events, which contains many parameters such as track speed,
track age, uage patterns (mixeAd passenger gnd cargo versus cargo only)vdliggn A
AYTNI a0NHzOUdzZNE St SYSyuazxz uz2L12f23exk3aS23INI L
A Event frequency (based on past events)
A Risk aversion and other risk management factors
A Risk acceptance and financial considenagio

Currently, many systems are already deployed in Europe. Some countries rely heavily on
automated techniques, where others are only beginning to see the potential for automation.
Those that heavily use automation are more interested in gettinghigbes leverage out of

their investment and will improve data usage, especially to optimize maintenance activities,
and data exchange to improve the overall safety levels. Countries with a low level of
automation will benefit from the lessons learned of the lgaadopters and can deploy
interventions in a cost effective way.

It should be noted that derailment detectors will remain a voluntary measure in RID 2015
(see RID 2013 note in section 7.1.1 kept unchanged for RID 2015) at the conditidimethat
equippedvehicle fulfis the requirements for authorisation omtroduction into service and
users have appropriate operation measures in their SMS.

The economic pressure is challenging for the railway sector. As shown in the present delivery,
the benefits of automated interventions exceed safety improvements. Important savings and
thus a better competitiveness against other modes of transport are accessible through
condition based maintenance based on data exchange between all actors.

Additional benefits:

The benets associated with inspection and monitoring systems (e.g. WTMS) should include

both safety related benefits in terms of derailment reducti@amd maintenance (nosafety)
NBfIFIGSR o0SySTAGad | 26SPOSNE GKS SO2y@iok O o6Sy.
ST ¥S Ol a &betedcdndition Moniiorings obtainedand n Maintenanceeduaed, less
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Maintenance of rail tracks and equipment, decreased fuel costs, increased lifetime of rail
tracks etc.

Also the consideration of additional benefitsdue to avoided costs to return to normal
operations after derailments, avoided train delay costs, and maintenance optimization due to
conditionbased maintenance are decisive for the outcome of treconomicresults.

Additional benefits should béerivedfrom the useof on-board monitoring, such as dmoard
systems to be installed on each rollingaktdthat needs to be monitoredjecording carsand
regular trains equipped with monitoring devigewhich could change the way dat&
collected and used for matenance activitiesBy using o#board monitoring time can be
saved(if able to run at track spegddisruption of freight traffic and thus costsxd manual
inspection can be reduced. Monitoring data can be gained by equipped regular trains
allowing morefrequent inspections and be used for preding trends in the degradation of
track.

Hfectively targetedinspection regime are a source of potentially significant benefitdhere

the use the measurement data to optimize and predict maintenance generaesfits in
terms of avoidance of derailments, reduced damage to track and equipment, increase
component life time and savings in track and equipment maintenance. For instance using
profile data to define grinding or lubrication gets more value from thégtael. All of these
benefitsgivedirect cost savings.

Combination of monitoring systems for different derailment caus@ombined failure
modes)

So far theassessment of effect of combinedonitoring systems used for different types of
derailments and eambined causes respectively is not yet analySdte study of D2.3 and the
view of the assessment in WP7 so far limit to the benefits of interventions per cause, even
though the same interventions could be used for different types of derailments.

Given tte current practice regarding the HABD, in Switzerland and Germany the Hot Axle Box
Detection and Hot Wheel Detection are being used as a one system and are regarded as a
one combined systemln addition the Axle Load Checkpoints are targeting several top
derailment causes by mitigating wheel failure, skew loading, and spring and suspension
failures.

Because of detectionf different failure modes the business cases for ALC and TGMS are
significantly improved. The HABD by adding two more sensors can ledtiunto combined
hot axle box and hot wheel and stuck brake detector

As indicated in WP3,ewy typical of this class of combined cause derailments are those
associated with track geometry defects. In many cases, key additional contributing factors to

thesS (&LJSa 2F RSTSOGa I NB &LISSRZI-un#ofnill&adingg A 0 KA Y
which can include under loading of one side or end and overloading of the other side or end,
poorly performing bogies, and excessive wheel or rail wear, particulrgn they form a

shallow angle that makes it easier for a wheel to climb the rail in a curve.

Some functions that have been identified as relevant for reducing derailment occurrence are
not fulfilled by the existing TGM&or example, poor fastenings despers can lead to an
excessive track width.
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The monitoring of the causes above candmhievedby automatic video inspection of the
railway assets. Systems, which monitor these parameters, are available but they are
expensive, and each individual systegenerally only inspects one or two of these
parameters, making systems which cover the whole range of track condition parameters
even more expensive. It is proposed that such a system should be able to inspect all the track
components and their conditionincluding rails (rail surface defects) and ballast. So the
dziAfAalrdAzy 2F (GKSasS aeadsSvya Ay I a3ft20l f ¢
with several subcategories of derailment causes.

In fact Track Geometry Measurement cars have usuatlgovinspection and lasdrased

wear measurement (e. g. in DB) for mitigating the effects of excessive track width, excessive
track twist and track height/cant failureA proposition could be to use track strength
measurement systems such as the Gauge RiestMeasurement System (GRMS) in addition

to rail profile and track geometry measurements systems, which actually applies a controlled
lateral (and vertical) load to the track and as such measures gauge widening under load (and
thus wide gauge under load}his approach has been successful in the. USA

Generallythere should be considerable interest in research and study of further potential
combinations regrding number and location of monitoring systentbat are technically
feasible and generate benefitsr the sector.

However, some limits to further combinations are to be noted. WTMS dfigre specific
installation requirements (space requirements, requirements on track geometry) that
precluded furthercombinationswith other types of equipment. Differé target densities

and strategies lead to different number of required installations, e.g. many more HABD than
ALC will be requiredherefore a combined HABD/ALC system would not be economical. In
addition, some technologies cannot be combined due to umaltinterference or other
limitations, e.g. current ultrasonic and eddy current technologies are incompatible.
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4 Description of reliable implementation scenarios
(national/international) for the wuse of monitoring
systems

This chapter describes theliable implementation scenarios for the use ofspection and

monitoring systemso be consideredor both national and international need3o this end,

it includes the following:

1 Descriptionof cases and concepts

Current statusand establishment of a referen@®nfiguration

Numberand location(density)of inspection andnonitoring systemsicross Europe

Preconditionsand relevant aspect®r implementation

Implementationframework

Migration aspects

Harmonization and system integration at EU level

The above liste issues arebased on the achieved results from all work packages, but
particularly of WP5- dealing with ntegration and development omonitoring concets
(D5.2) andsystem requirements specification for p&uropeanfreight monitoring(D5.1)-

and of WH from the technical and economic perspectiv&éhe deliverable 5.2 of WP5
describes different measures for derailment prevention and their framework for
implementation. It combines results from D 5ahd other deliverables of Rail. Different
business cas based on these results and some otlaee discussed pre requisites are
described

N o 0ok WDN

When considering theesults froma technical and economiperspective the deliverable
D7.2 of WP7 contains RAMS analysis with technical view, whereas D7.3 referatalyS€s
and covers the economic view.

All this input influences the development and discussion of different business cases and a
discussion about their implementation. Although oaly averagesituation in Europe can be
examined, every individual party the railway sector gains widespread information, when
evaluating their individual risk situation.

4.1 Description of monitoring cases and concepts

An analysis of derailment causesWiP 2- showed that eight causes are responsible for 55%
of derailment cost. Furthermore, WP4lefined possible monitoring actions that would
address these derailment causasd that three interventionsact on these eight derailment
causes, namely

1 Hot axle box detection

2 Axle load checkpoints

3 Track geometryneasurement system@s well as ultrasonic inspection systems)

With these three measures, a potential maximuoostreduction of 55% is possible
Considering the much more limitelD - 20% cosbbjective of DRail, it seems unreasonable
to look for additional candidates.
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D5.1analyses possible use cases for monitoring, in which data exchange plays an important
role. In D5.2, the individual inspection and monitoring systems are combined to form a
monitoring concept. The main degrees of freedom are number of systems per type and
location and placement of equipment.

In the courseof the development and assessment of business cases WP5 has developed a
concept for the estimation of the number ardcation of inspection and monitoring sites.

This concept proposes a categorizationdover all upcoming systems and to answer the
guestion of positioning in the network of an IM by considering éxéstingexperiences of

the IM with WTMS.The categorization will in principle also apply to-board systems
monitoring the infrastructure.In the following the resultsin terms of the estimation of
additional monitoring systems and associated measuring accuaacpresentedwhich are

used as input for the WP7 assessmentsréidetails on this can be seen in D5.2 of WP5.

Tablel2 Summary of the assumed number of additional units (deéverableD7.2and D5.2 of WP5

. Estimatednumber
Assumed measuring " :
o of additional units
Monitoring System accuracyof the .
considered measure to beinstalled
(cf.2014)
Scenario 1: Widesgad implementation with "high" level risk reduction
Hot axle box and hot wheel detection (HABD 91% 790
Axle Load Checkpoints (ALC) 98% 300
Track Geometry Measurement Systems (T§ 60% 20
Scenario 1: Targeted/focussed implementation with lower rigdduction
Hot axle box and hot wheel detection (HABD 9% 160
Axle Load Checkpoints (ALC) 90% 120
Track Geometry Measurement Systems (T 45% 10

The safety benefits based on derailment cost reduction (monetized risk reduction) were
analysed in D2. The LCC analyses assesthe scenarios based on the defined business
casesas presented aboven order to evaluate the additional number of monitoring systems
concerning the three proposed systems to achieve the 20% é@tion. This approach
enalles to determinethe reduction in derailments in relation tthe number of monitoring
systens. All cost figures from safety benefits and LCC were taken from D7.2 and D7.3
respectively based on the scenarios developed in WP5.

Furthermore the assessments gpermed in WP5 and WP7 based tire derailment figures

from WP1. WP1 also showed that derailments are not uniformly distributed over Europe,
and WP4 showed that technical mitigation measures for some of the derailment causes are
already in widespread usan some countries. Thus the outcome of a risk assessment for a
country that does not deploy hot axle box detection in a dersédged approach will
significantly differ from these results. Similarly, topographical, climate and other parameters
may producea different distribution of derailment causes in a given country. As an example,
derailments due to natural disasters are among the most common occurrences in
Switzerland, while derailments due to hot axle boxes have not occurred for more than ten
years de to the deployed WTMS.

Drilling deeper into the heterogeneity, there are two classes of countries in Europe: those
heavily favarring automation and those using human monitoring and intervention. Some
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speculations point towards different financial posstlds and manpower expenses, however

a more thorough analysis would indicate that countries with high speeds, high traffic
densities and/or high amount of mixed traffic will faroautomated intervention out of
necessity. Increasing traffic levels as peged by DRail will push all countries towards a
higher degree of automation, since the SMS will force the IM to reassess his risk landscape in
light of the traffic increases.

Tablel3: Investigated scenarios based on the busiresses

Business cases Countries with high automation, Countries with low automation

Number of additional| (d) Protection of dedicateq Installation of first system
systems infrastructure components

(e) Installation at  border
stations

() Loading  stations (e.g
harbours)

Cross border datg Derailment reduction due to pal Derailment reduction due tg
exchange between IV European data exchange few bilateral cases

Data exchange in th¢ Derailment reduction due t¢ Noactions
wider sense of CSN data exchange
(e.g. between IM and
ECM)

In countries with high existing automation, the subjects are deploying additional systems,

better integration between the systems and exchanging data between IMs, RUs and ECMs.
For countries with low existing automation, the first subject isldgmg the initial systems

and possibly data exchange with neighbouring IMs and interested RUs. If the predicted
increase in traffic volumes comes true, it may be expected that the traffic volumes in 2050

for countries with current low automation will appach those with current high automation.

This risk assessment is not stable over time, as traffic volumes increase and composition
changes. Assuming traffic increases as predicted by WP2, a risk assessment at a later stage
may lead to different outcomes,specially since automated systems scale better in -high
density or highspeed situations than netechnical measures.

Within the DRail perimeter, any of the solutions above will achieve the intended results,
however here are significant ethical and legaspects to such a decision. The most
important one is the choice not to deploy a given measure and thus consciously accept a
preventable risk.

There exist welestablished methodologies for this type of Asiated decision making,
which are extensivelya$cribed in D7.1 and applied in D7.2. In principle, every actor in the
railway system is obliged to apply these methodologies indiessantcontext, and a ERail
recommendation cannot and is not intended to remove this obligation fritve safety
managemaet.
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4.2 Preconditionsand relevantaspectsfor implementation

Actions due to potentially improper vehicle and infrastructure states are only possible and
economically beneficial for the railway sector and society if the data exchange includes all
interested parties. Measured and interpreted quantities must lead to actions, either to
prevent derailments or to save money due to condition based maintenance. One
precondition for this is to enhance the legal framework. When implementing the proposed
business casesyery actor needs a clear legal basis fixing duties and responsibilities. This gap
is not filled by theRegulation (EU) N° 10782012 on the CSM for monitoring.

Another aspect of data exchange deals with interpretation of the transported content of the
data. If data from different systems, suppliers and locations will be transmitted in future
among different parties and across borders, a uniform interpretation of the data is not
guaranteed. For this reason a generic approach is proposed, which enablestintgg
different types of measurement data.

4.2.1 Changes to the roles and responsibilities of actors

In some countries, the role of the infrastructure manager does not contain the possibility of
controlling or supervising the railway undertakings using iteagtfuctures, while in other
countries this authority is well established. The role of WTMS to protect the infrastructure is
easily contained in any regulatory framework, but the vehicle supervision, monitoring and
enforcement aspects are difficult to acoonodate in some countries. As part of the
regulatory process, the rights and limitations of such vehielated activities must be
defined if a positive effect on safety is to be obtained. In some countries, this translates to a
delegated authority confeed to the infrastructure manager, in other countries a reporting
based framework may be more appropriate, where enforcement rests with the regulatory
authority and not the IM; however this second approach may shift tamtcal operational
duties to theregulatory authority.

Since the regulatory authorities have an interest in increasing safety, a common
understanding can usually be found. This understanding of the proper role and use of WTMS
as well as principles and limits of the approach should befieddin formal documentation

to create a legal climate that facilitates the deployment of technical measures to increase
safety.

In Switzerland, this was implemented by two measures.

A new article (Art. 40) was added to the Ordinance on Railways (742.141.
a9AaSyol KY@SNRENRYdzyd:Z 9. +a0d ¢KAa | NGAOES O2
use WTMS to check if vehicles meet the requirements for safe operations. The use, type and
placement of WTMS are ridlased, respect operational necessitieddnllow technical and

constructional guidelines. The IMs prepare a concept for the use of WTMS and submit it to
the Federal Office of Transport (FOT) for authorization.

This concept of WTMS (see [4]) describes the following elements:

1 Definitions and typs of WTMS, most notably technical and systemic limitations of
WTMS

2 Principles for planning and building WTMS, including theatignted approach, the
costbenefitratio, planned network density
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3 Principles for operations, including limit and interventibinesholds, allowed
intervention measures per alarm type, availability requirements, notification processes
and reporting to RU/ECM and FOT

This short document, which is public, addresses all legal aspects and removes the obstacles
to a widespread use ol WTMS. The twstep process seems straightforward and easily
transferred to other countries and allows individual countries to specify their own
requirements, e.g. threshold values and notification processes.

4.2.2 Use cases for data exchange
4.2.2.1 Intervention at border crossings (data exchange between IMs)

Border stations are well equipped to serve as locations for an intervention of a train.
Replacement wagons, cranes and trained personnel can usually be found at border stations.

Since deploying and maintaining aeckpoint on a foreign infrastructure is difficult (different
safety regulations, different standards for wayside equipment, cuskees for replacement
parts) and since border stations are often located very close to the border, it is often
impossible to pace a checkpoint between the actual border and the border station.
Measurements like hot wheel detection need trains to have covered a certain distance since
the last stop before temperature buisdup to show defective brakes. Checkpoints therefore
get plced well after the border stations. For measurements like hotbox detection, where
frequent, repeated measurements are necessary, this is often less than ideal.

By exchanging data across the border, this situation can be improved. Data from another IM
canbe used for intervention on trains at the border station. Even if perfect accuracy cannot
be achieved, cross border signalling and intervention for WTMS can quickly close gaps in the
checkpoint network.

4.2.2.2 Trend analysis of operating trains (data exchangerh IM to RU/ECM or
between IMs)

Maintenancerelated data can need repeated measurements for reliability and trending, e.g.
by using multiple passings of the wheel over the same or over several checkpoints. The time
between such measurements must not beottong. Waiting for a railway wagon to pass a
second time over the same set of checkpoints is a valid option for railway wagons in a regular
schedule. This is often the case for passenger vehicle, but it is not as frequent for freight
wagons. To measure miple revolutions, data from multiple checkpoints can be combined.
This can be achieved by exchanging data from checkpoints located on a freight corridor.

Precise measuring of wheel defects and intervention based on detections of such defects is
not a saéty function. It can lead to significant cost reductions for the IM and the RU/ECM:
fixing defective wheels lowers the traaketerioration and reduces damage to the axle
bearings. However, the corrective action must be taken by the RU/ECM and not the IM,
requiring reliable vehicle identification by the IM and data transfer to the RU/ECM.

Maintenance on railway vehicles is typically scheduled @imeintervatbased) without
information of the actual conditions of the vehicle. Condition based maintenance ca
significantly decrease costs (by prolonging the maintenance cycles) and improve safety (by
shortening the cycle in case of indications of faulty behaviour). Making data on a vehicles
performance collected by WTMS available to wagon keepers is an impditan step
towards condition based maintenance.

Final 2 (PY 74(100)



DR-D7.4-F2 Industry guidelines/standard for the implementation of monitoring techniques

Already today, IMs collect data for maintenance of vehicles on behalf of RU. Examples are DB
Netz collecting ALC data of the ICE fleet or SBB doing the same for locomotives. Such values
are only usable ifltey are collected frequently and assigned to a vehicle. To get a high
enough frequency of measurement for vehicles used internationallguch as freight
wagons, national measurements are not sufficient. An international data exchange will be
required.

Data can also be exchanged between IMs if an individual measurement is not good enough

to take a decision. An example is the detection of hot wheels. To distinguish between wheels
heated up due to braking and wheels constantly under heat, measurement data fro
different locations must be combined to decide whether the brake has a permanent
problem. In Switzerland both IMs SBB and BLS use this observation method, and apply the
processes even crossing the IM boundaries: axles with block braked wheels with
temperatures between 200° and 250° in Heustrich (BLS) get remotely inspected there and
rechecked at Minsigen (SBB). The WTMS implementations of SBB and BLS use data exchange
to inform each other about the suspicious temperatures.

4.2.3 Generic approach to WTMS dataehange

Many WTMS are already in use in different countries, using different technologies from
multiple vendors. Some Infrastructure managers use more than one vendor and have
different versions in use dependent on the WTMS installation date. Even the fact o
measuring the temperature of an axle box can be implemented in several ways, e.g. with
different sensor technologies or at different sensor/axle positions, which may lead to
different thresholds for condition detection and alarming.

Generally, monitoringsystems are designed as standalone systems, which are providing
results to allow immediate decision taking. This means that the systems analyse and evaluate
measurement data according to predefined rules and/or thresholds.

For usage of such data by endews, the users have to trust the specific evaluation method
applied in the system. The assessment of the evaluation method can be difficult or almost
impossible, since such detailed system specifications often are difficult to get or even not
disclosed byhe manufacturer.

If data users could trust in the quality of measurement data evaluation, exclusively
exchanging of measurement results would offer the advantages of less data traffic and less
implementation effort in case dP2Ptransmission. On the ber hand, in a European wide
monitoring network with heterogeneous monitoring systems, it seems to be challenging due
to the diversity of systemdor data processing to get the same high level of trust for end
users to the results of all established anccaming systems.

In comparison of exchanging simple measurement results, the transmission-ahalgsed
measurement data would lead to higher traffic, but with knowledge about the meaning of
the pre-analysed data, end users are to do an interpretatioroading to their requirements.

For instance, they are able to vary the applied thresholds or calculate alternative key
parameters for evaluation. On the other hand, direct usage ofgmalysed data without
implementation of such an interpretation is not g&ible.

The main idea of theecommended generic approadh to combine preanalysed data and a
recommended interpretation algorithm. The definition of evaluation algorithms is based
upon standardized data types (e.g. single value, vectors) and elemantthematical and
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logical functions (e.g. addition, mean). This gives the data users the transparency of the
recommended evaluation and enables at the same time modifications due to their own
requirements.

Data users who trust in the suggested evaluatiogoathm have the ability to follow the
recommendations without any further knowledge about the measurement system. Those
users who have specific expectations regarding the evaluation have the flexibility to apply
their own evaluation when knowing the meiag of provided data.

The generic approach can be implemented iRZPor a centralized architecture. For P2P,
only the communication protocol and data to be transferred including its representation in
the protocol need to be defined. The storage of tHata is left to the participants. The
storage can be integrated into existing (legacy) systems. National laws in terms of data
privacy can easily be followed. Policies for data retention can be defined according to the
participants needs. R2Parchitectule is the most flexible communication pattern. It is easy

to evolve the data exchange for furimeeds. The drawback of a peergeer architecture
however lies exactly in that flexibility. The complexity grows with the square of the
participants in the nework, as partners will start evolving the communication mechanisms.

In an architecture using @entralised data hujall data is sent to a central clearing house and
can be fetched by participants from there. In this scheme, the communication protocol and
the data storage need to be defined. It is not possible to exchange additional data between
two participants without changes to the central clearing house. The clearing house forms a
bottleneck in terms of the data exchanged, the storage retention ancmdally also the
performance. The big advantage of a centralised approach is the simplicity. All participants
have to implement and test towards the standard defined by the clearing house.

4.2.4 Boundary conditions

Every country is facing different needs froheir perspective. These arise on one hand from
the different legal framework as well as safety management approach. On the other hand,
other relevant boundary conditions due to geographical conditions, such as curve radii and
track steepness, low temperates, occurrence of natural disasters or the amount of
infrastructure elements such as tunnels and bridges to be protected with WTMS are
different, which cannot be influenced by politics.

In addition, there is an important tradeff between falsealarm rae and early detection. In
countries with a very intensively used rail network such as Switzerland, the impact of a false
positive, i.e. stopping a train without a fault, is much more severe as it may lead to-fghlow
traffic disruptions. Early warningsrftiotbox and hot wheel detection allow more flexibility

in choosing the intervention location, which prevents train stops at inconvenient locations
that have a severe effect on the network availability. The early warning requirements lead to
trade-offs inalarm detection which results in a higher falsarm rate compared to other
countries. SBB copes with that higher faddarm rate with the introduction of an
intervention centre. The intervention centre remotely diagnoses all alarms and supports the
intervention process. False alarm messages can be suppressed within 60 seconds. This
process is very successful. The overall delays of trains due to false alatimeswhole of
Switzerland were 20 minutes in 2012, without any derailments due to hot axle b8&B

has an interest in receiving measurement data below the alarm threshold used in its
neighbouring countries so that measurement data from trains entering Switzerland can be
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included in the early warning detection. On the other hand, using the eariping alarm
threshold in the whole of Europe would also be wrong. Without implementing an
intervention centre, false alarms would lead to unnecessary train stops.

4.2.5 Benefits of integrated approaches

The infrastructure manager derives significant benefitsmiraleploying WTMS in an
integrated approach. These include improving security of the railway transport, improving
the infrastructure availability, decreasing the infrastructure damage, lowering the total trains
delay, better timetable performance, better stomer relationships, better insight into
network by usage statistics and trend analyses.

Railway undertakings and vehicle owners can also derive important benefits if they receive
data from the IM: information on the quality of the operated rolling stoeducing delays,
certification, maintenance cost optimization, intervention planning after defect detection,
providing delay estimations to customers. Especially the maintenance optimization holds a
large financial lever that can improve competivenesgaifivay freight compared to road
transport, however this is today the exception due to the difficulty of exchanging data
between IM and RU/ECM. Current data exchanges relate to maintenance optimization,
comfort increase or operational simplifications arglrnot a part of CSM Monitoring. The
actual safety increase will be analysed in D5.2.

Today, exchange across borders is based on bilateral agreements between IMs. To allow pan
European use of monitoring data, three different concepts are compared. It istbeé the

generic approach shows the most benefits as it allows integration of different existing
equipment, multiple families and generations of WTMS and is a simple solution for the
required exchange between IMs as well as from IM to RUs and.ECMs

4.2.6 Intervention and limit thresholds

C2NJ a2YS (eéeLlSa 2F 2¢a{z UGUKNBakKz2fRa | N5 RSTAY
0 K NB & Ksed WPAWith practical experience it has become obvious that some of these

limits lead to false positives and that a less regtreetimit is advisable, even if the risk of

non-detected, but unsafe vehicles increase. Inversely, on some tracks a more restrictive

threshold than the limit threshold indicates already an unsafe state. These thresholds that

lead to an actual intervention NS OF t f SR aAYyUSNBSylGA2y GKNBaK?2

When the intervention threshold differs from the limit threshold in either direction, this may
give rise to problems. Intervention thresholds that are more restrictive than the limit
thresholds will create difficukéis with the RUs, since trains will be stopped that conform to
regulations but that are deemed unsafe by the IM. Less restrictive intervention thresholds
present a legal risk in case of subsequent events, since a train should have been stopped
according taregulation, but was not stopped due to the higher actual limit.

4.2.7 Onboard monitoring

(1) Selfmonitoring of vehicles

Contrary to WMTS, choard systems have to be installed on each rolling stock that needs to
be monitored. As a consequence, all devices mustdsy to install, and requiring minimum
maintenance during their operation. The sensitivity of the systems must also be taken into
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account, and the cost of installation as well. The financial viability of this kind of concept has
to be studied and justifie.

(2) Monitoring the infrastructure

The concept of recording cars consists in gathering several monitoring systems on a
dedicated measuring train, in order to make a high number of measurements at the same
time. These vehicles are equipped with one or muéiipneasurement systems to collect
data. The different use cases may be roughly divided in the following categories:

1 Changeadriven measurements relating to changes (e.g. upon completion construction
work, acceptance measurements, ...)

2 Eventdriven measuremsts ,e.g. confirming existence of a defect after a report

3 Scheduled measurements, e.g. aNgekly safety inspection as required by the track
operating permit, against thresholds

4 Individual measurement campaigns, against thresholds.

The collected infrastreture condition data can be automatically stored, and can be used to
predict trends in the degradation of track. Measured data and inspection reports should also
allow taking immediate measures. The collected data can be used to pinpoint and predict
trouble spots in the track and plan maintenance scheduling.

To complement this infrastructure monitoring, monitoring devices may be embedded on the
rolling stock.

The wagons equipped with dmoard monitoring devices must be able to run at track speed

in order © save time and not to disrupt the freight traffic. Thus, they can reduce or even
replace manual inspection (save resources, increase personal safety, potentially improve
accuracy, minimize traffic interruption)

These two concepts are complementary andildobring an added value to the monitoring
policy of infrastructure managers. The introduction of monitoring systems on regular trains
would not replace dedicated recording cars.

Recording cars require special train paths, which are a huge operationdtasonor the
network exploitation. Using measurements from in service trains could allow recording cars
to focus on critical target and optimize the scheduling of recording cars inspections.

Indeed, in areas with high usage/here measurements are actly of large interest tracks

are increasingly difficult to obtain due to traffic density. In addition, scheduled
measurements are increasingly relegated to raperating hours, where also maintenance
activities are scheduled.

4.2.8 Identification of data poins

4.2.8.1 Infrastructure

Running vehiclesequipped with measurement devicesollect data during their operation.
Independently, if assessment values are generated online, offline or only in the case of
thresholdbeingexceeakd a correlation is needed betweehése assessment values and their
place of measurement in the infrastructure

Using GPS data might be one possible solution. Although GPS localisation is widely used
today, there are some limiting factors when using it in the railway environment. It happen
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that the amount of satellite reference signals is not sufficient enough during the train
passage due to mountains, canyons, tunnels, etc. It might provide sufficient accuracy to
localise the track section and its kilometre, but not the track number oichvthe train is
operating. This would require a representation of the railway network as a graph to know
also about the topology of lines and stations. Moreover a time stamp has to be taken into
account as the network is changing over time. On the onelheew lines are opened but on

the other hand also the existing infrastructure is sometimes modified e.g. number of station
tracks, switches.

Additional information could be provided from the infrastructure and its components itself.
Those components coulae bridges, tunnels, switches, isolation joints, signalling equipment,
track alignment components, etc. As an example: accelerometers obtain characteristic
signals, when the train passes e.g. switches or insulation joints. A consistent knowledge
about thoe components and their exact localisation in the infrastructure can be used for
adjusting this referencing task.

More precise triggering points are given by RE&@s mounted in the infrastructure. As an
example, DB started installing passive RBH3 inswitches. Recording cars are using the
RFID information for localisation issues as well as connecting assessment values directly with
the correct infrastructure component.

4.2.8.2 Vehicles

Using data from WTMS for further actions requires a correct allocatiomealsurement data

to the vehicle ID, the axle number, the side (left/ right) and perhaps further components (e.qg.
springs) is necessary.

CKSNBEF2NBE || OSNIIFAY @OSKAOfS ARSYUGAFTFAOLFIGAZY
optical systems, like deo systems combined with a pattern recognition, or vehicles

equipped with RFID tags. In the past, only few RFID systems were available, which could
detect vehicles at track speed.

Developments in the logistic sectors led to a bigger variety and a drampatie cut. There

was no final decision in the railway sector about harmonised specifications. Recently started
activities from the group RFID in Rail initiated by GS 1 and some railway members try to fill
this gap.

Mounting two RFIBags one on each stdof the vehicle allows to determine the ID and
travelling direction of the vehicle. Therefore, assessment values from WTMS can be correctly
assigned to individual components of an individual vehicle, but the RU/ECM has to specify
relevant components of # vehicle in their database. If the different readings over time are
stored in this way, the history of actions for individual components can be easily followed. In
this case, the benefits of using WT¥&a for maintenance purposes can be achieved.

The canplete highspeed fleet and most of the passenger vehicles of DB are equipped with
RFID. The individual components of the vehicles are described by the vehicle owner in a
configuration management system. Data from WTMS are sent via an exchange protocol to
the data gateway of the vehicle owner. From there the data are integrated into the wheelset
database. Maintenance actions are taken under the responsibility of the vehicle owner by
observing the development of assessment criteria (here: number of exceedindynamic

value of wheel force depending on the number of observations). This approach is easily
transferred to freight.
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4.3 Implementationframework regardingmonitoring systems

This chapter will focus on implementing a framework including remarks onirtredibe and
estimated costs in order to fulfill the aim of reducing the derailment related LCC by 2050 up
to 10- 20 %.

The following topics have to be regarded:
1 European wide harmonized assignment of assessment values from WTMS and/or OMD
with individualasset components, e.g. by RFID, GPS, etc.

2 European wide data exchange format for technical data coming from WTMS and/or
OMD

3 Implementing an data exchange procedure among Europe including data base
management

4  Agreement among all involved parties about assesnt and intervention procedures
including values, consequences, rules and responsibilities

5 Installation strategy for additional WTMS and/or OMD

Vehicle weight is
obtained before

Distance between train starts its
Vehicle weight is obtained A ) Start angzig:d"i'%Bg journey e Start
before journey starts [ — \national hsk O
- assessment %
~
\ /

ALC
Placing of WTMS in front I

of unique infrastructure |

elements Special or deserving

protection Infrastructure

ALC are placed before the [
train enters the neighboring Data from HABD and ALC are
country. Often shunting transferred to neighboring IM
yards are placed at border (trend analysis) and RU/ECM
stations and can be used (safety, maintenance)
as intervention sites .Border station

ALC

| 4
Distance between adjacent '
HABD according to national I A
risk assessment | /&
-
Please note: All WTMS are / Special or deserving
equipped with RFID-reader End protection Infrastructure

FigurelO: Placing of WTMS for block trains (left) and-fo#ld trains (rightjn 2050. It has to be noted, that all
WTMS are equipped also with RFID reader. Here only the case of oneafiiyis shown. For
bidirectional traffic ALC has to be implemented on both sides of the border
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The implementation strategy of WTMS for blocknisaand fulload trains in 2050 is shown in
FigurelO. It is difficult to draw a picture, where the placing of additional WTMS is highlighted
due to the fact, that many countries already started implementing WTMS. Therefore basic
principles for placing, mentioned in the text before, can be seen, e.g.:

A The individual axle loads and vehicle weights of a train are gained, before the train
gets into service, either based on information from the loading process, with the help
of on-board monitoring devices at every vehicle or due to ALC. This gives not only the
correct picture of individual axle loads and vehicle weights, but also an examination
about any load imbalances. If too many ALC are needed for that, the devices can be
mounted d dedicated sites, where many trains are passing and a shunting yard is
nearby to handle trains in a case of a wrong loading regime.

A ALC are installed before trains are entering a neighing infrastructure, so that the
facilities and staff at a border a&ion can be used for eventually required vehicle
treatments. Error! Reference source not foundhows an example for an already
implemented solution of SBB.

A Shunting yards are equipped with ALC, before the train enters the yardoasl
imbalances or any other changes compared to the initial values can be detected

A The distance between adjacent HABD is determined by the national risk assessment

A Depending on the national risk assessment further HABD and/or ALC are situated in
front of special infrastructure elements like long tunnels, bridges, etc.

A completely different picture could be observed if all vehicles are equipped wittpard
diagnostic devices, which are measuring the individual axle box temperatures, brake
situation andaxle loads in 2050 and send the information directly to the driver, resp. RU and
IM. Some disadvantages of this case are discussed in chapter 6.6.5 of D5.2.

The second key issue is the question of data exchange between different parties. The generic
approach for integrating values from different measurement types was discussed in detail in
chapter 4 of D 5.1. Further recommendations were given in chdgatenr! Reference source

not found. of this deliverable. Aketch of data flow in 2050 is givémFigurell. Basic

principles about safety responsibilities as well as transferring data in a sense of a wider
information exchange are integrated. The description starts withrpquisites followed by
relevant data exchange routines and a description of the role of some relevant parties.

The prerequisites discussed in D 5.1 and in this deliverable are integrated, e.qg.:

A A connection between the national vehicle register andDR&d of all vehicles is
provided by a central data broker. This is a key factor for the following point

A The ECM/VO provides information about the configuration of the individual vehicles.
Only then trend analysis or state dependent maintenance of indalideehicle
components can be performed, and/or maintenance actions are verifiable

A The IM provides information about the configuration of the railway network

A The train composition including the vehicle ID is provided by RU before the train gets
into service

A A unique train operation number, the route and the timetable for the complete
journey is generated before the train gets into service. Not only all involved IM, but
also all involved Rthave to find an agreement.
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The following data flow is implemented:

1.

6.

The IM obtains data of all WTMS (including RFID readings) and transfer them to a
central data service. Additional data is stored for maintenance reasons of the
devices, in order to ensure their assessment quality.

IM informs in a case of exceeded interviemt threshold the RU, who is still
responsible for taking actions. Due to enhancements of the general railway law
also the IM is allowed to take actions (because of better knowledge about
stopping of trains at places with lower disturbances for the regheftraffic). In

any case, the ECM/VO is informed about such incidences.

Neighbairing IM can use the data of 1., in order to investigate trend alarm
behavior of single vehicles or to perform cross checks with historical data, if one
vehicle is peculiar.

ECM/VO are able to make a query about the mileage and loading history of their
fleet in order to enable a state dependent maintenance strategy.

IM as well as RU and ECM report severe incidents to the NSA. This information
exchange enables an enhancementhie railway sector
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Figurell: Data exchange procedure for WTMS and OMD in 2050

4.3.1 Time schedule

Due to the fact that many topics were dealt with in former projectsr in the past missing
technological gaps were recently closedhathe help of new developments many of the
needed prerequisites are already available, but were perhaps not used in this more general
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way. Therefore it seems finally to be feasible to start with implementing the schemes
discussed in fRail.

Installation of new and/or additional devices

As shown in chapter 6, new and/or additional devices have to be installed. Countries (a) with
a focus on high automation will have a slightly different implementation strategy than those
countries (b) with a focus on loautomation. Financial aspects are in both cases the limiting
factor. None of the railway entities is able to invest at once, so the implementation will take
years.

Countries of the group (a) already operate their installed devices. Due to the
recommendaions of chapter 7 it could be necessary, to install additional devices at single
spots. This number will be small compared to the amount of existing devices, so this could be
finished within 510 years. If the already existing devices have missing furaiipne.g.
providing of new protocols, post precessing or network access) they will be exchanged at the
end of their life cycle. It is expected that no additional financial resources will be allocated, in
order to shorten this period. A time span of 15 tgp30 years may be assumed before all
devices are changed.

Countries of the group (b) have the advantage that they can implement devices, which
enable all needed functionalities. Again, financing will be the limiting factor. The number of
needed devices @pends on the local risk assessment including network and traffic

characteristics and other factors. It is assumed, that the installation period should be
finalized in a period of-30 years.

The installation strategy for additional WMTS and/or OMD willabeesponsibility on a
national level. ERail can mainly serve to give guidance on reasonable implementations
based on practical experiences and theoretical models developed in this project.

Data exchange (protocol types, etc.)

Due to the described fact #t many different solutions already exist and are operated, only a
short implementation period is estimated for this item. Again, financing will be a limiting
factor. Network communication facilities have to be built @pr existing ones be upgraded.

It is estimated that all resources and implementations should be available in a shorter period
than 5 years.

Generic data exchange (harmonization of interpretation)

For countries where no WTMS are currently installed or only first installations are tested the
generic data exchange can easily be integrated and should be therefore considered in the
procurement procedure foa national data and intervention center.

Countries with already existing networked WTMS have the opportunity to upgrade their
interfaces by pplication of the generic approach to overcome the shortcomings of the
bilaterally harmonized approach. This helps them to reduce the number of protocols and
interfaces and thereby the related costs.

Legal framework

Different aspects have to be regulatad European regulations, TSI, national laws, technical
standards, maintenance processes and regulations, etc. It is difficult to give a correct and
valid time span for this item. It depends much on the political power and the conviction in
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the railway sectg when the will be implemerd. They are often very interlinked with each
other, so it is assumed, that the complete process will take more than ten years.

Other aspects

These activities should be based on existing implementations and experiences asng sta
point. A Europevide harmonized assignment of assessment values from WTMS should be
carried out as a starting point. Interested European IM have to agree on the allocation
procedure for WTMS data. A European wide data exchange format and a reference
implementation for the generic approach developed and described in chapter 4 of D5.1 can
be established subsequently. Finally, the data exchange procedure among different parties,
including IMs and possibly RU/VO must be fixed.

OMD are not as mature as \MB, but encouraging signs are visible. The use cases are less
straightforward, but the approach developed for WTMS should consider at least the
possibility to be sufficiently generic to integrate OMD data when available

4.3.2 Costs

Following D5.5,asts for thedevelopment of a standard and a reference implementation are
difficult to assess. In practice, it depends on the number of active participants, which are
those that issue requirements and change requests. Passive participants do not affect
budgeting sigricantly.

It has been shown in the Schengen Information System SIS Il project that if a high number of
participants issue requirements and change requests, the budget will explode from an initial
SalAYFGA2Y 2F mMnodp ae G2 dinkeo2sinatersucmprojeetsp ! & |
every active participant will increase the required budget by 30%, which is an exponential
increase.
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required to obtain reasonable cost estimations, and a professional requirements and project
management support is required to stay within the estimate.

As described in the previous sectidhg installation strategy for additional WMTS and/or
OMD, and thus the attendant costs is a purely national matter. However, from an EU point of
view, it may make sense to provide additional funding to some countries to accelerate this
process.

4.4 Conclusiongsegarding implementation

The riskand LC&@ssessment of WP 7 shows, that the proposed LCC reduction-80%0 of

all derailmentsand the reduction of severe events by 82 % in 2050 is possible. In order to

reach this goal some European wide measwagsvell as some national based ones have to

be taken. The implementation of them will change the railway sector to the better. Even if
harmonized pan European solutions are preferred, every actor has to assess their individual
risk factors.Therefore theproposed installation strategy of additional WTSM and/or OMD
OFyQli 0SS K2Y23SyS2dza F2NJ Fff 2F 9dzZNRLIS o6y2i
Europe). Different national risk assessment criteria and the local conditions will lead to
different optimum solutions, like e.g. geography, climate, infrastructure network conditions,
traffic mix, speed, vehicle types, commodities of goods, etc. Taking into account further
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systems installed not only due to safety reasons but also due to customer rteedsriety
will increase additionally.

But it is not only the number of installations which counts. Another central key aspect is data
exchange among different parties as well as across different countries. A number of different
activities have alreadytagted in this field. Individual solutions are available following specific
interests ¢ but they might not focus on this wider -Rail perspective. Some selected
examples may be given, e.g.

A Exchanging wagon events between RU via ISR1gpe |

A Exchanging \écle maintenance data between RU and ECM via the maintenance
regulation VPI 08, se& )

A Exchanging real time operational data of freight and passenger trains between
neighbairing countries via Train Information System (TIS), $8¢ [

A Implementing RFID irail, see the requirements defined i19] and an example of
combining them with WTMS in Sweden describe®j [

A Combining different types of WTMS in an intervention center, see an exam@#]in [

It is seen, that basic IT questions, like transactiontqmuls, safe communication interfaces,
firewalls, server solutions are solved. The interesting fact isalidhe mentioned examples

use protocol descriptions based on xml. This type of protocol is very flexible for any
extension. But what is missing tag? Operational data has to be combined together with
technical data derived from WTMS and/or OMD and last but not least combined with
individual assets. Here shall be the future development. It was shown, that this topic is not
treated sufficiently in anpf the existing regulations or even in any of the TSI.

Actions due to potentially improper vehicle and/or infrastructure states are only possible and
economical beneficial for the whole railway sector if the data exchange includes more than
the bilateralcontracted parties. Measured and interpreted quantities have to lead to actions,
either to prevent derailments or to save money due to state dependent maintenance. One
precondition for this is to enhance the legal framework. When implementing the business
cases proposed here, every actor needs a clear legal basis for knowing about their duties and
responsibilities. Even if a pan European usage of all proposed concepts will take some time, a
transition is needed. The framework of the successfully implemengesheral railway law
needs some extensions, when using data from WTMS/OMD. As discussed, this gap is not
filled by theRegulation (EU) N° 10782012 on the CSM for monitoring.

Another aspect of data exchange deals with interpretation of the content of #ta.dData

from different systems, supplier, locations, etc. shall be transmitted in future among all
parties and across borders. Although it is expected that the harmonization of intervention
concepts and thresholds in Europe will take its tigeor is in some cases due to
comprehensible reasons impossible, a first interpretation of the data can be harmonized (see
Error! Reference source not found.For this reason a generic approach was developed,
which enables an integratiorf all kinds of measurement data

Based on the risk and LCC assessment a suitable number of additional systempsovided

in order to reach the proposed aim of reduction in 2050. The installation strategy is then
dependent on the individual risk assessmeas pointed out above. Therefore it is estimated,
that countries with an already existing detection network will increase the number of
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installations only marginal until 2050. It is expected that here the emphasis is more on data
usage and data exchang®ne beneficial action will be to change towards state dependent
vehicle inspection and maintenance routines. Enhancements in maintenance regulations will
be developed and implemented. Those activities will also be beneficial for countries with a
recent bw level of automation. They can benefit from these developments when they start
installing their detection network.

The economic pressure is challenging for the railway sector. A need for a change is there
and many approachesvailableas well. A diploratic and wise political guidance is necessary,
in order to focus the lines of development and already existing solutions
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4.5 Migration aspects

Migration is not a trivial issue. In regard wiigration costs in investment, operation and
maintenance phases nesdo be considered. The concept of migration is complex. It can
mean both the change in total and each assigned adaptation process of individually
components of the system migration; e. g. as part of the implementation an application is
replaced by a newree. In migration procegsboth elements of software migration and data
migration come together (e. g. often a new hardware will be required). Therefore a careful
planning and implementation are crucial for maintaining data consistency and smooth
transition of functionality from the old to the new application. A successfigration needs

to meet, but not be limited to, the following requirements:

A to ensure uninterrupted, secure, reliable service

A to perform so many changes as seems necessary in ordevér current and
expected future demands

A to perform as few changes as possible in order to reduce the volume and the risk of
migration

A G2 OKFy3aS (KS 2fR aO2RS¢ a tAGGES |a LkRa

A G2 OKFy3aS (KS 2fR &aO2 RStemiggation K & SEGSyd i

A toinstall a great flexibility as possible in order to simplify future modifications

A to minimize the potential negative effects of the changes

A to maximize the use of modern technologies and methods

Themigration should refer to some importaissues such as:
1 Technical: special boundary conditiorls, envirovnment,AanaIysis of system compatjbility, o
O2YLI NAa2Z2y 27 2ftR YR YySg aeausSyYz | R2dzauyYsS
2 Professionalstaff, compliance with standards and guidelines, field test, qualificatiah an
training of staff, migration of database, level of communication, functionality etc.
3 Procedural: operation procedure, reporting chain, responsibilities, documentation etc.
Three different aspects of migration are to be considered:

A Technical migration cdquipment
A Migration towards integrated approach
A Shift from manual surveillance towards automated equipment

4.5.1 Technical migration of equipment

WTMS are already in use in many countries. The first generations are only capable of local
operations and cannot fuction in a networked manner. However, they provide a safety
benefit already in this state. It seems highly unlikely that this equipment will be removed and
replaced with new equipment before its lifecycle is completed for two reasons:

A An authorization proedure was required for the original installation. Changes to such
equipment may require new authorization requests and possibly temporary measures
to keep the safety level.

A A business case / LCC calculation was required for the original installationviRgmo
the equipment before its planned |Heycle would require an extraordinary writsf.
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Thus, the technical migration costs are in most cases simply negligible as they are accounted
for by normal equipment life cycle costs.

4.5.2 Migration towards integratedapproach

The integrated approach as outlined in WP5 is the basis for an efficient data exchange within
the IM and between IM and all other actors in the railway industry. In addition, it allows for
more efficient and rational operations since it places tlexpensive" intelligence centrally

and allows economies of scale.

This approach requires:

1 Compatible technical equipment

2 Network connectivity between equipment sites and central processing facilities
3 Central processing facilities and decismaking resarces (human or algorithmic)
4 Connection to railway operations to implement decisions (e.g. train stopping)

4.5.3 Shift from manual surveillance towards automated equipment

The situation in Europe in the area of vehicle monitoring is inhomogeneous, as discussed
WP5. Every actor in the railway industry performs his own risk assessment and decision
making, and will thus decide on reasonable measures in his own risk context. Some countries
already heavily rely on technical measures such as WTMS, while othenareehuman
surveillance. As explained in WP 5, the main drivers towards automation are traffic volumes
and speeds (much more than personnel costs).

The shift from manual surveillance towards automated equipment is gradual. It is likely that
at first, basé on the individual risk situation, a given track such as a high speed or main
cargo line will be selected for automated system deployment, hopefully in a configuration
that will not need to be migrated to a networked system later on.

As seems clear frorthis riskbased approach, the speed of the shift will depend on many
local factors. Assuming a traffic increase of 1.5% annually, it seems likely that in 2050 all main
cargo and high speed lines will be equipped with WTMS and no longer perform manual
monitoring in that area. For the rest of the rail network, no such prediction is possible.
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4.6 Harmonization andsystem integration at EU level

A key aspect where harmonization is possible and shows a large leverage is the exchange of
collected data among intested parties, national and international. National and
international solutions are already in use, but limited to specific interests. Basic questions
such as transaction protocols, safe communication interfaces, firewalls and server solutions
are solved.The remaining problems lie in the assignment of the operational data to the
technical data, e.g. matching a vehicle ID to the measurement from a wayside train
monitoring system. This topic is not treated sufficiently in any of the existing regulations or
even in any of theTechnical Specification for Interoperabiligithough technical solutions,

e.g. based on RFID are available.

The harmonization of systems is independent to the harmonization of the data exchange,
even if an implementation of harmonized amitoring systems without an implemented
harmonized data exchange reduces the advantages dramatically (due to different and/or
system specific protocols big efforts have to be made for exchange comparable measurement
data to all qualified data users in Bpe).

The harmonization of the monitoring systems comprises three steps, which are for each
measurement target / system consecutive:

A Basic requirements: definition of which conditions have to be monitored (e.g.
condition of axle bearings) to achieve theeoall goal and which indicator
respectively measurement parameter inclusive the required accuracy is most suitable
for evaluating each of these conditions (measurement targets)

A Measurement systems: for each measurement target the determination of
measurenent principle and the requirements regarding the algorithm to build
measurement results has to be specified. This go with the definition of the
YSIF&adz2NBYSyid GFNBSG oS®ad F2NJ I RSGFAf SR
0 SY LIS NI G dzNE ¢ exifiedl ihe réldvaint aie2on thé&beatihg housing, which
depends on the measurement geometry of the system)

A Thresholdgwith reference to WP3)ased on harmonized measurement systems,
also the thresholds for critical conditions and/or for maintenance isstan be
harmonized. This must not be understood as defining only one threshold per
monitoring target for whole Europe, but rather defining values depending on
circumstances of the railway network and/or regularities of the infrastructure
manager (e.g. allved axle loads may depend on specific track properties). Due to
this variety of values, the different thresholds together with the areas of application
have to be disclosed.
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Figurel2: Two independent carerstones of full harmomation in Europe: monitoring dataxehange and
monitoring systems

As discussed in D5.1, it is possible to implement a harmonized data transfer with a central
data broker or with distributed architectures, although it is likely tloatly distributed
architectures fulfill the requirements as soon as safety relevant applications are considered.
Since proven bilateral data exchange models already exist, these could be used as a basis for
an EUwide harmonization.

The generic approach iB5.1, which comprises exchange of data of different treatment
levels (including prprocessed output data) as well as a recommended algorithm for the
interpretation of the data, solves most issues, séeyure13. Most notable the different
national thresholds (deriving from the individual boundary conditions and risk landscape) as
well as the different installed base of equipment is fully addressed by this approach.

monitoring
systems

full
harmonization

bilateral
harmonization

national driven
harmonization

monitoring

data
exchange monitoring data exchange based on generic approach

Figurel3: Advantage of generic approach for data exchange: usable with all levels of monitoring
systemharmoniation

4.6.1 Requirements for implementing the generic approach

The conceptual design (see chapter 4 of D 5.1) basifdlysseson the exchange ah
interpretation of data without detailed knowledge of sensor systems properties. Generally
the data should be available for different parties (infrastructure managers, railway
undertakings, vehicle owners, etc.). For compatibility with legal constraiht&usopean
infrastructure managers or other data users, the concept should also provide configurable
access rights and masking of vehicle IDs.
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For high acceptance, there should be no changes in safety relevant alarming procedures of
infrastructure manager§ust forwarding and listening). Furthermore, the application of user
definable thresholds shall make it possible to fulfill national recommendations, infrastructure
manager requirements, etc. For high flexibility, even the evaluation algorithm has to be
modifiable for the data users and depending on provided data

The approach should allow for an inclusion of different sensor systems for comprehensive
trend analysis. Thereby, a universal framework could be offered for data representation and
functionality It is important to mention that the concept is not a change request for
suppliers regarding standardized evaluation content, but providing already existing output
data in a different (unified) way

In general, the following guiding principles have tocbasidered in the conceptual design:

A Use of existing monitoring systems (almost) independent of their output
A Open for integration of future systems

A If data is available in different levels of detail, prefer more detailed level
A IM are responsible for datarpvision

A Data users are responsible for their own interpretation

With the implementation of a universal framework for data representation and functionality
compared to direct linking between monitoring systems and data users following benefits
will occur:

A Less implementation effort for infrastructure managers (as data provider) and for
data users to get data from different systems
A Easy integration of further or new systems

A European framework could easily leverage this operational experience and impldment
solution in a short timdrame.
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