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Part 1 - Shift2Rail

Promoting the modal shift and the
competitiveness of the European
railway industry

1. Meeting the Challenges set in Horizon 2020

The EU’s new programme for research and innovation (R&lI), Horizon 2020 (H2020)", will run from
2014 to 2020 with an estimated total budget of EUR 77 billion, of which roughly EUR 6.339 million
will go towards support to the "Smart, green and integrated transport" challenge, one of the 8
Societal Challenges identified under H2020, and reflecting the Union's "Europe 2020" strategy.

The aim of the "Smart, green and integrated transport" challenge is to boost the competitiveness of
the European transport industries and achieve a European transport system that is resource-
efficient, climate-and-environmentally-friendly, safe and seamless for the benefit of all citizens, the
economy and society.

Four key objectives have been identified under the programme:

e Resource efficient transport that respects the environment, by making aircraft, vehicles and
vessels cleaner and quieter to minimise transport systems’ impact on climate and the
environment, by developing smart equipment, infrastructures and services and by improving
transport and mobility in urban areas.

e Better mobility, less congestion, more safety and security, with a substantial reduction of traffic
congestion and improvement in the mobility of people and freight, by developing new concepts
of freight transport and logistics and by reducing accident rates, fatalities and casualties, and
improving security.

e Global leadership for the European transport industry by reinforcing the competitiveness and
performance of European transport manufacturing industries and related services including
logistic processes, and retain areas of European leadership (e.g. aeronautics).

e Socio-economic and behavioural research and forward looking activities in support to improved
policy making, to help promote innovation and meet the challenges raised by transport and the
societal needs related to it.

Within the "Smart, green and integrated transport" challenge, a budget of EUR 450 million has been
earmarked for research and innovation activities in the rail sector. This represents close to three

! Regulation of the European Parliament and of the Council establishing Horizon 2020-The Framework Programme for
Research and Innovation (2014-2020), SEC(2011) 1427-Volume 1 and SEC(2011) 1428-Volume 1.
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times more than the EUR 155 million in Union funding than was available under the previous
research framework programme (FP7), which ran from 2007 to 2013.

This increase in funding for the rail sector is in line with the Union's Europe 2020 strategy for smart,
sustainable, and inclusive growth. Indeed, the overall aim is to achieve a more competitive and
resource-efficient European transport system with a view to addressing major societal issues such as
rising traffic demand, congestion, security of energy supply and climate change. And, given rail's
inherent advantages in terms of environmental performance, land use, energy consumption and
safety, strengthening the role of rail — both passenger and freight — in the transport system is an
important goal, which is also clearly set out in the Commission's 2011 Transport White Paper
(“Roadmap to a Single European Transport Area — Towards a competitive and resource efficient
transport system”).

The rail sector can and must further enhance its performance in these areas through innovation.
Innovation should be envisaged as a tool with a dual purpose of helping to address short/medium
term problems in the railway sector while also initiating a paradigm shift for a more ambitious future
for the rail sector.

2. The Rationale for Shift2Rail

A key objective of H2020 is also to improve the efficiency of EU funding and better address societal
challenges by pooling together existing R&I efforts and expertise, namely through Public-Private
Partnerships (PPPs) in the form of Joint Undertakings.

In line with this, the Shift2Rail Joint Undertaking (S2R JU) was established by Council Regulation (EU)
No 642/2014 of 16 June 2014 as a public-private partnership in the rail sector with a view to
managing and coordinating all rail-focused research and innovation activities funded under Horizon
2020.

The main task of the S2R JU is to develop, integrate, demonstrate, and validate innovative railway
technologies and solutions with the objective to improve the competitiveness and attractiveness of
the European Railway Sector.

The performance of the railway system will only be improved if it is understood and managed as a
whole system shared between many actors, with particular attention to the interfaces between the
parts of the system managed by the different actors. By involving actors from the full value chain in
the whole innovation cycle, the S2R JU will accelerate the development and market uptake of
breakthrough solutions that have a real impact on the whole rail system.

The establishment of the S2R JU will enable railway stakeholders to build relationships together and
develop strategic partnerships in a sector that has traditionally been overly segmented. This
collaborative approach will consist on the R&D development, testing, and validation of
demonstrations in real or simulated operational scenarios. This will ensure that the products
developed by S2R JU are in line with the business and customer needs in the rail sector, and that they
can be introduced to the market in a reliable way from the first day of entry into service, thereby
contributing to enhanced reliability and quality of services in both the passenger and freight rail
segments.
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In practice, S2R JU will foster the introduction to the market of a new generation of high-quality
reliable rolling stock, combined with intelligent traffic management and control systems, a new
railway infrastructure system, and innovative IT solutions and services, that will radically improve
capacity and performance of the railway system and facilitate cross-border railway operations
throughout various Member States, while substantially reducing the life-cycle cost of rail services.
For the EU passenger this will mean more travel options, more comfort, and improved punctuality.
For the freight forwarder/shippers, this will mean that rail freight will become more cost effective,
punctual, and traceable as a shipment option. For rail in general, this will mean more users and, thus,
a step closer towards the paradigm of the modal shift from road to rail.

Importantly, all this will be developed by European companies, thereby increasing their
competitiveness on the global marketplace.

3. The Structure of Shift2Rail

In accordance with the S2R JU Statutes, Article 5 states that the S2R JU will be composed of four
main bodies:

e the Governing Board, which has the overall responsibility for the strategic orientation and the
operations of the S2R Joint Undertaking and supervises the implementation of its activities;
(Articles 6, 7 & 8)

e the Executive Director, who is a member of staff of the Joint Undertaking and is responsible for
the day-to-day management of the S2R Joint Undertaking. He also manages the S2R Secretariat;
(Articles 9 & 10)

e the Scientific Committee, which will advise on the scientific and technological priorities to be
addressed in the annual work plans, and will be composed of world-renowned scientists
providing scientific expertise and science-based recommendations to the S2R Joint Undertaking.
The Scientific Committee is appointed by the Governing Board taking into consideration the
potential candidates proposed by the States Representatives Group, by the ERRAC and by the
European Railway Agency; (Article 13)

e the States Representatives Group, representing EU Members States and countries associated
with the Horizon 2020 Framework Programme, which will inter alia give opinions on the strategic
orientations of the JU, including on any updates of the S2R Master Plan and the annual work
plans, as well as on the links between S2R activities and relevant national or regional research
and innovation programmes. (Article 14)

The Scientific Committee and the States Representatives Group are advisory bodies to the S2R Joint
Undertaking.

In addition to these four bodies, the Statutes also foresee:

e a specific advisory role for the European Railway Agency in contributing to the definition and
implementation of the S2R Master Plan and to the annual work plans and ensuring that the
Research and Innovation activities of S2R JU are leading to technical standards with a view to
guaranteeing the interoperability and safety results. (Article 12)
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e the establishment of Innovation Programmes' (IP) Steering Committees composed of
representatives of the founding members and associated members, as well as of the S2R
Programme Office, in charge of the technical input and the implementation for each IP. (Article
11)

e the possibility of creating a limited number of working groups to assist the JU in carrying out its
tasks. (Article 15)

Currently, the Governing Board of the S2R JU has decided to establish the following working groups:

a) System Integration Working Group(s) composed of S2R JU members, to ensure coordination
of the activities of each Innovation Programme and to assist the JU in ensuring that the cross
cutting themes are properly mainstreamed across all Innovation Programmes.

b) User Requirements Working Group(s) composed of S2R JU members and non-members, to
assist the JU in ensuring that technical solutions developed within S2R meet the specific
needs of all relevant end users.

c¢) Implementation and Deployment Working Group(s) composed of S2R JU members and non-
members, to test the operational reliability of the results of Shift2Rail and thereby contribute
to a more rapid uptake and large-scale deployment of the solutions developed through the
Shift2Rail activities.

Figure 1 below provides a schematic overview of the current governance structure of the S2R JU.

Figure 1: Graphic overview of the S2R JU governance structure
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Part 2 - Shift2Rail

Programme scope and structure

1. Structure of the Shift2Rail Programme

As indicated in the Shift2Rail Master Plan, the work conducted within the Shift2Rail framework will
be structured around five asset-specific Innovation Programmes (IPs), covering all the different
structural (technical) and functional (process) sub-systems of the rail system. These five IPs will be
supported by work in five cross-cutting areas and themes (CCA), that are of relevance to each of the
projects and take into account the interactions between the IPs and the different subsystems. This
overall programme structure is schematised in Figure 2 below.

Figure 2: Overall structure of the S2R JU programme

..3
=Y
o

p
Long-term needs and

socio-economic research
.
-

Smart materials and
processes
"

-

System integration, safety

high capacity trains and high speed trains
Cost-efficient, Sustainable and Reliable High =g
IT Solutions for Attractive Railway Services
Technologies for Sustainable & Attractive

Cost-efficient and Reliable Trains, including
Advanced Traffic Management & Control

and interoperability @
- =
4 Y]
o o =
Energy and sustainability % 0
m q“,
—
(- = c
£ 3
Human capital S =
- 2 :
o w

Shift2Rail will address the above-mentioned IPs and CCA by funding Research and Innovation
activities that will range from applied research activities (TRL 1 to 3) to demonstration activities (TRL
4 to 7), i.e. from technology developments in lab to system prototype demonstrations in operational
environments.

In addition, the Members of the Shift2Rail JU will be required to conduct additional activities with a
view to leveraging the effect of the R&I activities undertaken within Shift2Rail. These activities are
not eligible for financial support by the S2R JU and are not included in this MAAP but will contribute
directly to the broader objectives set out in the Shift2Rail Master Plan.
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2. Summary of Major Demonstrations and Technology Developments

Demonstration activities are a priority within Shift2Rail, as they will enable the entire rail sector to
visualise and concretely test the transformations that they are able to create. Demonstrations will
also enable a more appropriate quantification of the impact of each new technology (either alone or
in combination with other innovations). Demonstration activities will also help at providing a first
estimate of the potential for improvement in the sector at the levels of regional, national and EU
transport network, which can be expected as a result of the developed innovations.

It is also of utmost importance that the rail industry demonstrates a tangible step change during the
next decade, which will be visible to the public and generate interest in the railway domain. In
addition, the realisation of key flagship demonstration will enhance the perceived innovation
potential of the sector and revitalise the industry by attracting the next generation of top graduates
from universities across Europe.

Furthermore, the development of collaborative demonstrators will foster internal industry
communication and collaboration. Shift2Rail will also promote the realisation on integrated
technology demonstrators (ITDs), which will combine the testing of different solutions in a single
demonstrator, resulting therefore in economies of scales for the project development. This will allow
a more collaborative system approach toward innovation, breaking possible silo between sub-
systems developers. It will also help identifying at an early stage possible issued of compatibility in
the integration of different solutions.

The demonstration of technical achievements, up to TRL 7, will be based on the three-fold
architecture presented in Figure 3 below: technology demonstrators (TDs), integrated technology
demonstrators (ITDs) and system platform demonstrators (SPDs).

Figure 3: Structure of Demonstrators within Shift2Rail
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Technology Demonstrators (TDs)

Technology Demonstrators will focus on the development or adoption of innovative technologies
and models within the rail sub-systems identified in the Innovation Programmes. They will enable
ground-breaking progress in key areas such as traction, automatic train operation and intelligent
diagnosis and maintenance systems. They will seek inspiration from innovative technologies,
materials and methods used or explored in other sectors. The innovations developed may consist of
software and/or hardware systems.

Before being combined into Integrated Technology Demonstrators (ITDs), each TD will be tested (in
labs on test benches, or existing trains) in one or more prototypes (differentiated if different business
segments are addressed) to assess the individual performance of the technologies thus developed,
and, where possible, demonstrate the conformity with technical requirements that apply to the
product developed.

Integrated Technology Demonstrators (ITDs)

The ITDs will allow for the testing of combinations of components and sub-systems already verified
and validated within the Technology Demonstrators within virtual or physical railway environments
for demonstrating the innovation potential of the components in different sub-systems and systems,
taking into account functional and operational specifications and the technical interfaces among the
various TD.

ITDs will also enable the analysis of compliance with the regulatory requirements, and the validation
of technologies will be followed up with a controlled approach to future authorisation and
certification work.

System Platform Demonstrations (SPDs)

Ultimately, Shift2Rail will carry out proof and analysis of rail systems, design and functions on fully
representative innovative railway configurations in an integrated environment, simulating real
operational conditions.

2.1. The System Platform Demonstration scenarios

The System Platform Demonstrations will be created among the main rail market segments to
simulate and test the interaction and impact of the various innovative systems resulting from the
Shift2Rail activities in the specific environments of each of the relevant market segments. The
proposed SPDs will cover the following segments: high-speed passenger rail, regional passenger rail,
urban/suburban passenger rail and rail freight. These SPDs will also be complemented by reflection
on key transversal issues (megatrends) which are critical for the sector: safety, security, energy,
digitalisation, etc.

The design of demonstration platforms will take into account the specificities of each market
segment, its particular challenges and needs as well as the promising market opportunities. Based on
this initial assessment, the SPDs will demonstrate how the correct aggregation of different
innovations can greatly contribute to improve the performance of the sector. This will be based on
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an analysis of detailed KPIs on simulated models and measured against the S2R objectives as defined
in the Master Plan.

In this respect, it is possible that the deliverables of the same TD are relevant for more than one of
the different railway transportation segments. Results of one TD may therefore be demonstrated in
more than one SPD if considered that these results correspond to the business needs of several rail
market segments.

The exact definition of each SPD is part of the work to be done in the S2R System Integration working
group of the JU taking into account the input from the broad stakeholder community (S2R user
Requirements and Implementation working groups) as well as, where relevant / available the first
results of the S2R lighthouse projects, funded under the H2020 first call. This is also expected to be
the subject of activities carried out as a result of the 2015 S2R call for projects.

Overview of the key challenges for each of the SPDs defined in the S2R Master Plan:

High-speed passenger rail

High speed has been a very successful and innovative rail market segment for several decades, and is
often the preferred choice for long distance national and international travel. The technical and
technological challenges related to high-speed and mainline rail are not just related to developing
new types of rolling stock that provide comfortable transportation capacity for increasing numbers of
passengers, but also to ensuring safe and efficient operation thanks to appropriate infrastructure
design, enhanced traffic control and management systems, more efficient power systems, as well as
shared track and corridor operations.

Regional passenger rail

Regional rail is already serving as a backbone of the European transport system, expanding massively
in past years. However, this segment remains affected by competition with the private car and by the
life cycle cost of operation compared to bus services. The core challenge for this market segment is
mainly to offer increased capacity to ever-increasing number of passengers, through improved
system capacity, with enhanced traffic management and automation concepts and high-capacity
rolling stock. These services are mostly operated under public service contracts and may share or not
the infrastructure with mainline traffic. What is mostly at stake is making these services more
attractive to customers, through increased reliability, frequency and speed and cutting costs, as well
as an improved coordination with other public transport services and a better integration in regional
mobility strategies.

Solutions with overall low life cycle costs are also needed for regional network having low traffic
volumes to become or remain attractive.

Urban/suburban passenger rail

Railway networks in urban and suburban areas play a prominent role in major cities and high-density
areas, serving the daily needs of urban populations and offering an attractive alternative to the use
of private car in more and more congested and polluted areas. These market segments are also
experiencing growth, which will be important to manage through innovative solutions. They are also
one for which existing rail infrastructure is not used according to its potential for supporting more
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sustainable land use and transport policies. Cost effectiveness and increased attractiveness are also
important challenges, requiring higher scales of proven, affordable technology and improved
accessibility, comfort and security and innovative services based on ITS. Improvements through
technical harmonisation of interfaces are also required.

Rail freight

Rail freight is a key element in the establishment of a sustainable transport system. An efficient and
reliable, high-quality rail freight system in Europe is indispensable for the competitiveness of the
European economy, its industries, businesses and society, which are all making use of and rely on
freight services. The low level of external costs generated by rail freight should make it the mode of
choice for freight customers looking to reduce their environmental impact. However, the key
challenge for rail freight to become a core link in intermodal transport is for it to be able to offer an
attractive, reliable, rapid and cost-efficient alternative to road. The main objectives of this SPD
should be to offer visible and viable solutions that increases productivity, reduces cost, optimises
network capacity, and enables better quality of services through optimised logistic services and rail
technology and that realise the full potential of digitalisation, appropriately meeting the customers'
requirements.
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Part 3 -Shift2Rail

Detailed multiannual action plan

1. IP1 - Cost Efficient and Reliable Trains

1.1. Context and motivation

The ambitious objectives set out in the Shift2Rail Master Plan for the railway system of the future
need to be supported by radical changes in the technologies applied in each of the components of
the system, rolling stock being one of the key elements.

Traditionally, innovation in rolling stock has faced several obstacles, such as:

o The long life cycle of railway vehicles, which can last for more than 30 years tends to slow down
the introduction of new developments;

o Due to the variety of operational environments across segments and different standards and
solutions in different countries, many innovations cannot be widely applied and it is not possible
to apply economies of scale and to obtain an adequate return on the investment on new
innovative developments;

e The complexity of the whole railway system and the fragmentation of responsibilities makes
preferable “service proven” solutions rather than new innovative ones.

Commercial pressure and political long-term vision have pushed the evolution of rolling stock in the
last few years, but the aforementioned limitations have prevented industrial innovation to achieve its
full potential, and have also often made it difficult for technically sound research developments to
make their way to the real applications. In practice, innovation has most often been incremental, and
so have been the benefits achieved by its implementation.

A sector-wide collaboration initiative like Shift2Rail offers the right environment to overcome this
situation by:

1. Incorporating the standardisation perspective from the beginning of the activities, involving all
stakeholders from the specifications phase, in order to ease the penetration of new technologies;
2. Incorporating cutting-edge technologies already in use in other sectors into railway vehicles;

3. Identifying incipient technological opportunities that could bring considerable benefits if they are
used in trains.

With this view in mind, the IP1 of Shift2Rail is committed to develop the technologies for the next
generation of railway vehicles that fulfil the expectations set at the Shift2Rail Master Plan.
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1.2. Objectives of the IP and expected results

Taking the high-level objectives set out in the Shift2Rail Master Plan as a starting point, and
considering the role that rolling stock plays within the whole railway system, the high-level objectives
for IP1 can be summarised as follows:

1. Increase the physical capacity of vehicles and promote the enhancement of transport capacity of
railway lines.

2. Reduce the travel disruptions for passengers by increasing operational reliability and availability
of vehicles, either through the use of fundamentally more reliable components or
system/subsystem architectures.

3. Reduce life cycle cost of the vehicle (reduction of maintenance, energy consumption ...) and of
other subsystems interfacing with the vehicle (reduction of track damage ...).

4. Increase energy efficiency of the vehicle and reduce vehicle mass.

Fulfilling these objectives will guarantee that the Shift2Rail global objectives are achieved.

The high-level objectives need to be achieved through concrete actions. Concretely, the following
technology developments can be expected to result from the work in IP1.

1. More efficient and lighter traction drives using the new generation of electronic material will be
developed. With new power electronics able to control motors at a higher frequency, combined
with the development of new generation permanent magnet motors based on buried magnets
architecture, a step change in energy efficiency will be achieved as compared with existing
permanent magnet synchronous motors and asynchronous induction motors.

2. The new drive-by-data concept for train control along with wireless information transmission will
make new control functions possible, involving interaction between vehicles and consists, with
high safety and reliability levels through very simple physical architectures. New generation
TCMS will allow current bottlenecks caused by physically coupled trains to be overcome.
Concepts made by different companies and with different interfaces could be virtually coupled
and driven together, sharing the same traffic slot.

3. The new generation of bodyshells will be using composite or other lightweight materials. No rail
vehicles are currently built from such materials, and such a step-change will lead to significantly
lighter vehicles, carrying more passengers within the same axle load constraint, using less energy
and having a reduced impact on the rail infrastructure.

4. A mechatronic bogie able to steer through points and crossings will open huge possibilities for a
new design philosophy in collaboration with IP3. The main innovations in running gear lie in the
possible combinations of new architectural concepts, new actuators in new lighter materials
leading to new functionalities and significantly improved performance levels with the possibility
of vibration energy recovery.

5. New braking systems with higher brake rates and lower noise emissions could give major
capacity gains in terms of mass and volume in bogies, paving the way for a fresh revisit of bogie
design. When these are combined with traction innovations, the next generation of passenger
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rolling stock will be able to offer improvements in acceleration and deceleration rates leading to
greater overall line capacity for trains.

6. Innovative doors will move away from current access solutions, based on honeycomb and
aluminium or steel sheets, which still have drawbacks regarding energy consumption, and noise
and thermal transmission. New lightweight composite structures could be made to react faster at
existing safety and reliability levels, reducing platform dwell times and increasing overall line
capacity. Customer-friendly information systems and improved access for people with reduced
mobility using sensitive edges and light curtains are part of this new development.

7. New modular concepts of train interiors will allow operators adapting the vehicle layout to the
actual usage conditions and will improve flow of passengers, thus optimising both the capacity of
the vehicle and dwell times.

The following table summarises the main objectives of IP1 and provides an overview of some of the
concrete deliverables that can be expected to result from the activities undertaken in the IP.



Objective
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Table 1: Objectives and challenges of IP1

Result

Practical (concrete) Challenge

Line capacity increase

Operational reliability increase

Railway system life cycle cost
reduction

More space and weight
available for passengers in
each vehicle

Smaller and lighter power electronics and traction
architecture concepts, along with simpler
communications and electronics, lighter and wider
carbody structures with an optimal architecture,
lighter bogies and brakes will allow for new vehicle
designs with more space for passengers.

Better control on the
vehicles on the line (in
terms of
passengers/hour)

Fundamentally more
reliable technologies and
components

Flexible coupling between trains will allow for
flexible accommodation of the capacity of the line
at peak times. The factors that increase
operational reliability mentioned below will also
increase moderately the capacity of the line

Key elements and systems that are known to be
more prone to operational failure (TCMS, Traction
...) based on novel technologies which show a
better fundamental reliability

Fundamentally simplified
architectures, or
architectures more suited
to keep operation in case
of failure

Reduction in the capital
cost of the vehicle

Train communications and control architecture,
linking the functioning of all vehicle subsystems,
based on new technologies allowing much lower
physical complexity leading to much higher
reliability. Similar concept to be applied to brakes
and others

New vehicle subsystems and components with
better overall performance not showing any
increase in cost. Better authorisation processes
relaying on virtual methods rather than on on-
track tests

Reduction in the need of
vehicles for a given
capacity

Vehicles with increased availability, directly
related to the deliverables shown in section
“Operational reliability increase”

Reduction in the cost of
maintaining the vehicles

Intrinsically more reliable system architectures
and component technologies

Better and more standard sensoring to detect
condition

Vehicles with lower axleloads, lower unsprung
mass and better curving performance

Reduction in the cost of
maintaining other parts of
the railway system

Track friendly vehicles with lower axle loads, lower
unsprung mass and better curving performance
and ability to run through switches and crossings
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Objective Practical (concrete) Challenge

Reduction in the
consumption of energy

Reduced weight of most bulky elements (Carbody,
bogie, traction ...) combined with new, intrinsically
lighter, architectures

As defined in the next lines

Reduction in the mass of
the vehicle

Mass reduction and energy
efficiency

Increase in the energy
efficiency and reduction
of energy losses

Better calculation and Better techniques for assessment and prediction.
design methods Theoretical criteria to guide design

Increase energy efficiency in traction / braking.
Reduction of thermal losses (i.e. doors)

Noise reduction
Noise reduction oriented [New innovative design features for traction,
design brakes, running gear, carbodyshell and doors

1.3. Past and ongoing European & national research projects

The IP1 of Shift2Rail will be supported to a great extent by many of the projects funded by the EU
research programmes in the last few years. Shift2Rail will be an efficient tool to bring the results of
these projects closer to the market, thus maximising the real benefits from the investment that
European society has made in railway research in recent years. Details of the projects are presented
in the section devoted to each technology demonstrator, but some of the most relevant ones to the
activity proposed in Shift2Rail are briefly introduced here:

The outcomes from European research projects MODTRAIN (looking for innovative modular vehicle
concepts, in particular for knowledge developed on auxiliary power systems, interface to traction and
standardisation) and MODURBAN (dealing with common specifications and common architecture for
urban rail systems) will be taken into account and used at the beginning of the development of the
Traction Technology Demonstrator within IP1. The RAILENERGY and OSIRIS projects oriented to
energy efficiency of trains offer the first building blocks to develop the major technologies (new
semiconductors, motors ...) that will be used to build the traction systems of the future in Shift2Rail.

In the same way, the TCMS Technology Demonstrator will also take into account outputs from
MODTRAIN as well as INTEGRAIL (addressing railway information systems and their integration
within the major railway sub-systems — important also for the Data management Shift2Rail System
Integration Activity). Moreover, important knowledge and innovative practices on “virtual coupling”
coming from European aerospace research projects (RESET, SOFIA, INOUI and ASSTAR) will be used
in the development of the TCMS Technology Demonstrator.

Future composite Carbodyshell to be developed in Shift2Rail will strongly rely on the results achieved
in the FP7 project REFRESCO, whose aim is to develop suitable technical standards to allow the use of
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new composite materials in structural applications in trains. These will also be useful for the work to
be developed in the area of Doors.

The MECHATRONIC TRAIN project results (dealing with bogie architectures, sensors, actuators and
processing to increase safety, reliability, and maintainability) will be taken into account and used at
the beginning of the development of the Running Gear Technology Demonstrator.

The MODBRAKE project, which was oriented to develop modular brake system architectures, will be
an input for the development of new generation brakes in Shift2Rail.

Finally, the ROLL2RAIL IP1 “lighthouse” H2020 project, which is currently under development, is
oriented to kick-start many of the work lines of Shift2Rail and to mitigate potential risks at an early
stage. The results of ROLL2RAIL will be incorporated to IP1 within the first 12-18 months after the
start of Shift2Rail and will constitute an essential element towards the success of the programme.

1.4. Set-up and structure of IP1
1.4.1. Structure of the IP

Technologically speaking, trains are very much structured into subsystems, each of which are usually
responsible for different functions in the vehicle. The realisation of these functions tends to be
related to a specific type of technology that is able to provide a given performance at subsystem
level.

This functional division of the vehicle is presented in Figure 4 and has been used as basis for the
division in Technology Demonstrators (TDs) in Shift2Rail. Thanks to this strong
function/subsystem/technology relationship, specialist teams will be able to develop the specific
technologies to achieve the highest performance levels.

Figure 4: Train functional breakdown into subsystems
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The choice of topics for work in IP1 has been made considering:

1. Technological opportunities applicable to rolling stock subsystems: Progress in fundamental
technologies (e.g. new communications technologies, new power electronics components,
innovative materials) has been analysed and potential transfer to railways of the most promising
ones considered.

2. Relevance to performance and integration possibilities at vehicle and/or railway system level:
Developments need to be useful when integrated with other components of system and have a
meaningful impact a system level.

This approach leads to parallel developments covering the different functions to be provided by the
vehicle, which converge at a later stage into an integrated assessment (IA) that constitutes the final
guantitative measurement of the success of Shift2Rail

As the technologies proposed are in general function-oriented, they generally refer to a specific piece
of equipment. However, in some cases, they have applicability to different TDs. A few examples of
inter-related technological developments are:

e Drive-by-wire (TD1.2) TCMS and fail-to-safe electronic control for brakes (TD1.5) concepts rely on
innovative safety critical electronics and software technologies

e  Wireless TCMS (TD1.2) concepts and the standard running gear sensoring (TD1.4) rely on wireless
communications solutions

e Composite material technologies are present at carbody (TD1.3), doors (TD1.6) and running gear
(TD 1.4) areas of work.

Even though a big part of the development effort is to be developed within the TDs, the
development will be coordinated with other relevant activities within Shift2Rail, exploiting synergies
when possible, and in all cases working together towards the achievement of the same railway
system-level performance objectives

A more global view on functional interactions existing between TDs is given in Figure 5, which
highlights not only the technological but also the functional interdependencies between TDs and IPs.
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Figure 5: IP1 TDs and map of inter-relationships
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1.4.2. Involvement of Members in IP1 activities

The membership of the IP1 of Shift2Rail includes all major European railway vehicle manufacturers,
the principal manufacturers of major vehicle sub-systems, the two biggest train operators in Europe,
and two of the biggest infrastructure managers. A strong involvement in complementary roles
maximizes the chances of future implementation of the results in real applications in the sector.

Due to the technological nature of the work proposed, Members will rely on the involvement of
highly specialised technological companies, research institutions, and universities with very specific
technological skills that are essential to complete the work programme. Open Calls budget will allow
involvement of the skills required at the right moment and for the right activity throughout the
project.
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1.5. The Technical Demonstrators of IP1
1.5.1. TD1.1 Traction Systems demonstrator
1.5.1.1. Concept and objectives of the Traction Systems Demonstrator

The Traction Drive sub-system is one of the main sub-systems of a train as it moves the train
converting energy from an electrical source (directly or via a chemical source) into a mechanical one.

In electrical trains, the physical scope of such a sub-system starts from the pantograph and ending
with the motorised wheels. The main components are the main transformer, power bus, traction
inverters, motors, gearbox and finally wheels. All those components are controlled by electronic
hardware and software.

Current electronic technology used in Traction Drives is based on Silicon material such as the IGBT
power semiconductor devices used as an electronic. However, this technology has major limitations
leading e.g. to high losses, too many failures, heavy and large size equipment. The new emerging SiC
technology provides high-speed switching capabilities with a low on-resistance.

The physical domains to master are multiple: electrical, mechanical, thermal, and automatic. A large
number of norms and regulations have also to be taken into account for traction systems design,
manufacturing, validation and certification.

The Traction Drive TD will carry out the necessary work in 4 major phases to bring to the market a
new generation of traction drive equipment:

1. Capture necessary know-how, collaborate with partners having the expertise in SiC technology,
energy storage, wheel motors.

2. Progress and implement new methodologies, tools, norms & standards on reliability, noise,
virtual certification, smart maintenance.

3. Develop new Traction component and sub-systems including using the SiC technologies. Develop
new traction architectures allowed by the new technology. Develop a traction system based on
independently rotating wheels.

4. Demonstrate key achievements on three Rolling Stock Demonstrators (including metro and
tramway for Urban) and finally implement physically the news equipment on a Metro, a Regional
train and a HST.

5. Conclude on technical benefits.

Specific achievements to be delivered by this TD:

1. SiC based Traction system aligned with the Urban markets;
2. SiC based Traction system aligned with the Regional market;
3. Traction system based on independently rotating wheel for HST;

4. Breakthrough on aero-acoustic, electromagnetic and EMI noise reduction methodologies and
prediction tools
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5. Breakthrough on High reliability design methodology, simulation and test tools for Life Cycle
Estimation of Critical Power Traction Electronics Components in Real Operational Conditions,

condition based maintenance, applied to Traction TD development

6. Breakthrough on Validation and Virtual Certification methodologies, updated regulations,
simulation tools and test bench to reduce test ring certification tests, cost and duration

Objectives:

The high-level objective of this Technical Demonstrator (TD) is to develop the new generation of

Traction Drives using the new electronics materials becoming available. This TD will mainly bring to

the railway market the SiC (Silicon Carbide) technology.

The following table gives the macro contribution of the TD towards the global S2R Master Plan

objectives:

S2R Objectives

TD Objectives

Practical contribution (how)

Improved services and
customer quality

Increased availability

Reduction of the volume of the
Traction Drive equipment

Reduce environmental impact

Increased reliability and less service
disruptions thanks to the new
breakthrough SiC technology.
Reduction of the volume of large
equipment will increase the space for
passengers

Reduction of noise emitted by Traction
Drive Equipment

Reduced system costs

Reduction of operating and
maintenance costs

Reduction of certification costs

Reduction of energy consumption resulting
from the new technology Reduction of
maintenance costs

Simplified business processes

Improved standardisation and
certification

Development of harmonized rules for
certification

Less on-site testing and more static tests on
the bench combined with numerical
simulation
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The following table summarizes the specific objectives and related deliverables of this Traction TD:

Objectives Result Practical (tangible) Deliverable

1) Breakthrough methods & 1) New simulation tools and

. tools to desien high reliabilit .
High re!lablllty/avallablllty and 00 S. 0 design high reliability reliability database from field
low maintenance costs Traction 2) TRLZd trat 35PD
Traction systems 2) High reliability new Traction emonstrators on 3 SFUs
(Metro, Regional, HST trains)
Systems

New Traction system and Traction

L. TRL7 demonstrators on 3 market
components optimised for energy

Low energy consumption

Traction systems . segments

savings
Traction Contribution to Train Low weight, low volume Traction TRL7 demonstrators on 3 market
capacity systems or components segments

1) Breakthrough
standards/Norms for Traction | Quantification on use cases of

Traction Contribution to Train Certification aligned with IP1 | “before/after” certification number of
Capital cost reduction Rolling set of text tests on: a) trains b) test bench c)
2)  Virtual Certification simulator.
simulators

1)  Methodologies and

L ise Tracti ith simulation tool to design for
ow noise Traction wit low noise

predictable acoustic signature . 2)  TRL7 demonstrators on 3
2) Low noise new component
market segments

and Traction System

1)  Predicted acoustic signatures by
simulation

1.5.1.2. Technical ambition of the Traction Systems Demonstrator
State of the art

Advanced semiconductor technology has always been a key component for the traction system.
Former steps from line commutated thyristor converters to gate-turn-off thyristors and also from
bipolar technology to IGBTs have been the enablers for step changes in performance of traction
drives. Today the new emerging technology is the Silicon carbide (SiC) semiconductor technology vs.
the existing Silicium (Si) Technology.

On SiC based Traction, the high-speed switching capabilities of SiC components with a low on-
resistance are key characteristics for improved traction inverters. This combination of characteristics
is not possible with existing silicon based components. Additional features include superior
characteristics at high temperatures and significant lower switching loss. This can result in simplified
cooling components and in general a much compacter design of the traction system overall.

On HST, a traction system based on independently rotating wheels will also improve HST's
performance through a distributed traction architecture with a low-floor concept that will contribute
to an increase of the passenger’s per meter of train length, to an increase of the line occupancy and
to lower the energy consumption.

Over the last two decades EU funded R&D projects have pushed different entities, companies and
experts around a same objective: understand, develop and prepare deployment of all kind of
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technology innovations via scientific and technical work, standardisation and pre-marketing studies.
Industry, operators, infrastructure managers, suppliers, research laboratories, standardisation,
organisation and many others have been involved in past successful project and will be involved in
the coming Traction TD. The Traction TD will benefit from this very rich background.

The Main past EU funded R&D projects relevant for this TD are:

e Energy saving for Electric traction

RailEnergy (2006-2010) on electric and diesel Main Line trains energy reduction: The project targeted
to save 6% of energy on the European Fleet. Several levers have been used: Operation, Infrastructure
or Rolling stock with different solution at component level. Standardisation of energy calculation and
verification is now at prEN50591 stage. There was no work on SiC technology applied to Traction
neither wheel motor for HST.

Osiris (2012-2015): focused on urban railway systems reduction of energy. It led to the development
of a SiC auxiliary converter that was tested on commercial operations on the Milano Metro. It
constitutes one of the main starting points towards more complex developments in SiC technology to
be held in this TD of Shift2Rail.

e Traction noise

SILENCE IP — Rail vehicle noise. In this project a source ranking for urban type of vehicles were done.
There wasn’t any development of simulation methodologies for electromagnetic-forces calculation
and/or solutions tested in a real prototype.

e Certification

The field of certification covers different subtopics and several E.C R&D project work on certification
like:

EUREMCO: One essential technical issue is the certification of the EMC. In the project EUREMCO
(European Railway Electro Magnetic Compatibility), they aim to harmonise and reduce the
certification process of rail vehicles against Electromagnetic Compatibility (EMC). With the use of
new semiconductors like the SiCs the switching behaviour changes dramatically. .The existing
research in Traction TD has to be expanded with the new challenges of SiC semiconductors.
Pantotrain: Improvement of certification of quality of pantograph power collection

Ambition and side-by-side comparison between state-of-art and the technology resulting from S2R

Whereas Japanese companies e.g. Hitachi, have announced on the development of inverters using
SiC technology, very little work has been done in Europe.
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The following table presents the steps of progress targeted within the Traction TD work:

State-of-the-art New Generation Traction

Smaller and lighter medium frequency transformers,
Heavy and very large Traction equipment high speed motors and natural cooling systems thanks
to new SiC semi-conductor technology

Good energy efficient traction systems based on Si Very high energy efficient traction systems thanks to
IGBT semiconductors new SiC semi-conductors very low losses technology

Current traction systems based on Si technology leads |Early stage low noise traction system and component

to too much noise emission (electro-magnetic and design thanks to predicted calculated noise signature.
cooling). Too late discovery of noise problems during | Low noise prototype developed and tested within the
the development cycle. Traction TD

Too low reliability and no capability to predict life time | New methodology to predict lifetime, improved design
of semi-conductors and traction components in real and validation processes to progress on reliability
train operational conditions during exploitation.

New methodology and tools to implement more
virtual validation and certification of the full traction
systems and components. Transfer of tests from train
to static test bench and simulators.

Long and costly validation and certification process

European and Worldwide standardisation especially

No standard in SiC semi-conductors . . .
on packaging of semi-conductor chips

Complicated and non-harmonised (European level)
certification standards. No standards on Traction
system virtual certification

Simplified framework for Traction certification,
recommendations for more virtual certification.

No technology available for the combination of the New developments for more efficient (in terms of
independent wheel and the distribution traction operation and of energy consumption) and with more
concepts capacity trains by combining these two concepts

1.5.1.3. Specific Demonstration activities and contribution to ITDs/SPDs

Generic description of the demonstrations

The objective of the demonstration is to generate physical demonstrators, integrated in rolling-stock,
suitable for performing track tests, either in commercial lines or test rings (TRL7 demonstrators).

The works are done in three steps: integration of traction equipment into three different Rolling
Stock trains, assessments and a final step on demonstration conclusion.

In particular the demonstrators will focus on obtaining experimental results to obtain:
e New traction components performances and behaviour.
e New control strategies performances and behaviour.

e Traction local performance: acoustic noise level, reliability/availability (failure rates, aging, etc.),
energy, etc
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e Traction EMI levels.

Additionally, the real experimental results will be used to compare with the results obtained
previously in virtual certification platforms (virtual certification SW, simulation tools and HIL
platforms) in order to validate and assess the accuracy of such platforms.

All the prototypes developed in Task 1.1.2 will be tested on test track or commercial lines in different
segment applications, as outlined in the next pages.

New SiC based traction converter for Metro application (TRL7)

The objective is to generate a physical demonstrator of a metro train integrating a SiC based traction
system, suitable for performing tests on the field, either in commercial lines or test rings.

The scope includes all the required work to install fully functional prototypes of SiC based traction
converters in a real train. These tasks, among others, include:

e Validation plan: definition of validation parameters and test procedures to fully validate a
functional prototype of a SiC based traction system for a metro application in order to verify the
performance of the traction system and contrast the expected targets (KPIs) defined in the
specification project phase with the results of the experimental validation.

e Train adaptation: definition of method of integration (permanent or transitory modifications),

definition of the necessary modifications on the train and implementation of the modifications
on the train.

e Traction system adaptation: definition and implementation of required electromechanical

adaptations of the SiC based traction converters developed during the project. The required
application software that will allow the integration of the traction system on the train will also be
developed in this phase.

e Integration of converters: manufacturing and integration of all the equipment of the traction

chain with SiC based traction converters necessary for the validation purposes of this project in
the real train. In order to integrate such prototype in an existing train and depending on the
application and the validation plan it may be required to manufacture many prototypes of the
same equipment.

e Static tests: static tests will be carried out to verify that the integration has been done
successfully being them ready to start the testing on the field.

During the project phase, a concrete metro application will be selected. The costs of the metro
vehicle (renting of the vehicle, operational costs, etc.) during the tests and demo will be covered by
Members. In order to minimize and rationalize the vehicle costs it is intended to use the same train
as ITD for the IP1 TD1 Traction and IP1 TD2 TCMS field validation tests on metro application.

New SiC based traction converter for Regional application (TRL7)

A fully functional prototype of SiC based traction converter for the Regional train will be assessed.
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The contribution from major operator members is needed for this task to bring all needed support
like providing a train, allowing modification and helping to have the authorisation to run on test track
at least.

This work is divided in three working-blocks:

e Definition of real trains to be used as test trains for the integration of demonstrators: Description

of the train, characteristics, ownership, method of integration, maximum duration for the testing
and number of demonstrators to be integrated. During the project phase, a concrete regional
application will be selected depending on the results of the project and the availability of the
demonstration.

e Definition of Validation and Test Procedure to fully validate a functional prototype of a SiC based
traction system and e-transformer for a regional application. It will also be meant to contrast the

expected targets defined in the project phase with the results of the experimental validation.

e Integration of a fully functional prototype of a SiC based traction system and e-transformer on a
Regional application. This will include all the equipment of the traction chain, especially the SiC
based traction converter, necessary for the validation purposes of this project. The application
software that will allow the integration of the traction system on the train will be developed and
“factory” testing to verify that the integration has been done

e Demonstration and assessment: demonstrate and asses the results of the outputs of the R&D
activities carried out during the project based on the experimental results obtained in the rolling
stock tests in the field

e Global Regional Traction TD conclusions:
o Consolidate and deliver all technical assessment reports after all Traction TD tasks execution
o Deliver synthesis reports for Cross Cutting Activities like Noise and Vibration, Energy

o Provide business oriented reports (expected time to market for future products, magnitude
of Industry R&D costs to achieve this, investment cost for Operators, pay back and ROI for
Operators, Roadmaps for deployment at European level)

o Deliver conclusions on the Traction TD as a contribution to Shift2Rail macro KPls
achievements

New Traction converter for HST application (TRL7)

The work is divided in working-blocks:

e Definition of real trains to be used as test trains for the integration of the demonstrators:
Description of the train, characteristics, ownership, method of integration (permanent or
transitory modifications), maximum time for the testing and number of demonstrators to be
integrated. During the project phase, a concrete high-speed application will be selected
depending on the results of the project and the availability of the demonstration.
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e Definition of Validation Parameters and Test Procedures to fully validate a functional prototype
(TRL7): The validation plan will include all the testing procedures to verify the performance of the
independently rotating wheel new traction system. It will also be meant to contrast the expected
targets defined in the project phase with the results of the experimental validation.

e Integration of a fully functional prototype (TRL7) of a low-floor, independently-rotating-wheel
distributed traction system for a HST: This demonstrator will specially focus on the motors which
will be designed to respect the low floor concept. “Factory” and static tests will be performed to
verify that the integration is successful.

e Demonstration: The final demonstration and assessment of a low-floor, independently-rotating-
wheel distributed traction system TRL7 prototype for a HST train will be done

e Assessment: All the HST SPD technical improvements results will be gathered and added the
economic and marketing layers.

1.5.1.4. Impact of the Traction Systems Demonstrator

The most significant quantitative benefits brought by the new technologies, methodologies and
simulation tools developed within the Traction TD tasks are:

Life Cycle Costs

e Reduction in capital costs (Rolling Stock): Reduction of the traction system validation and
certification costs by around 40% through simplification, harmonisation of rules and shifting from
"on site" certification tests to simulations and/or static bench tests

e Reduction in maintenance costs (Rolling Stock): high reliability and “maintenance oriented
design” components and traction sub-system hardware completed by smart Maintenance
onboard software. Contribution to the reduction of the maintenance costs (Rolling Stock) in the
range of 5% for the traction drive

e Reduction in Energy consumption: higher energy efficiency technologies. Significant weight
reductions will also contribute to reduce consumption and thus CO, emission to progress on this
environmental domain.

Train or line Capacity

e Passengers per Meter of Train Length: New compact and lighter Traction components associated
to a “capacity oriented” train architecture will allow an increase in the number of seats and
passengers.

o Reduction of noise emissions in the range of 5 dB(A) mainly by reducing cooling noise of the
Traction case and motors.

Reliability

e Reduction in the number of In-service failures: High reliability and availability on components
and sub-systems will be at the heart of the design of new solutions. Reduction in the number of
in-service failures per million km by about 25 %
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Those specific benefits will have a major impact and contribution in the Shift2Rail system level KPls
highlighted in the Master Plan. Local impact progress will be assessed first at the Traction TD level via
(TRL4) up to (TRL7) demonstrations on Technology Demonstrators. Finally, progress contribution at
system level for each of the three market segments (high-speed passenger transport, regional
passenger transport, urban/suburban passenger transport) will be quantified.

Both inputs and impacts on markets, standards and barriers will be evaluated and taken into
account:

o Detailed Market needs per segment to secure that new solutions are providing answers to the
evolution of needs at the 2020 horizon.

e Standards and regulation (including TSI) in order to allow new technologies to be implemented
including, for example, more virtual validation and certification.

e Barriers (technical, cultural, business rules) identification and mitigation to help the acceptance
of the new solutions by all the stakeholders.

The deployment of new solutions on markets should start very quickly after the end of the expected
demonstrations on Urban, Regional and HST.

Strategic impact

In the following section, a summary of the strategic impacts produced by the implementation of the
TD results and discoveries is given. This is organised along three main aspects: the support to the
competitiveness of the EU industry, the compliance with the EU strategic objectives, and the degree
of maturity of the solutions envisaged to be realised and put into practice in the railway sector. This
is expected to provide an overview of the effects generated at larger scale by the application of the
TD results.



Shift2Rail MULTI-ANNUAL ACTION PLAN — Part 3 m

Strategic Aspect Key Contribution from the TD

e Keep the European Traction industry in the technology race versus Japanese
who have taken some advance in SiC technology and applications

e Develop high added value and competitiveness of Traction industry
including new design methodologies and tools (noise, reliability, virtual
certification tasks), validation of Traction components or systems

e Develop and promote European/ Worldwide standards on new SiC semi-
conductors Technology

e Harmonise and simplify Traction certification process to decrease cost and
duration via virtual certification drastic progress

e Provide technological leadership supported by a combination of radical

Support the . . . . .
. innovation (e-transformer, high speed motors, independently-rotating-
competitiveness of the EU - .
. wheel distributed traction system)
industry

e Proof tangible benefits for the end user:

o Increase of operational reliability (less service disruptions) through
more robust and validated Traction systems

o Support Train capacity increase because of lighter and smaller Traction
equipment, Traction new solution for low floor HST.

o LCC reduction (through virtual certification, higher reliability, lower
energy consumption)

o Additional advanced maintenance services through high added value
functionalities like traction system and components remote failure
diagnostic and health monitoring

e Promotion of modal shift: A big impact brought by the implementation of
these new technologies towards better train punctuality and adding new
accessibility to train with “at same level” between station platforms and

train floor.
Compliance with EU

- e Support to capacity increase: as mentioned above this is allowed by more
objectives

flexible traction component implementation in the train and less service
disruptions.

e Greening of transport through energy consumption reduction thanks to high
efficiency components like e-transformers and SiC based traction inverters

Currently most of the proposed technologies are at low TRL levels. At the end of
Shif2Rail it is targeted that the successful concepts are brought to TRL 7

Degree of maturity of the | (prototype demonstration in real operational environment). In parallel to
envisaged solutions Technical developments, marketing studies, norms and regulation work will
prepare a favourable environment to have economic viable new solutions for
industry and operators.

1.5.1.5. Implementation of the work programme

The following sequence of tasks is envisaged with a view to achieving the objectives of the TD. It is
foreseen that the activities should reach TRL 7, with the development of three physical
demonstrators on metro, regional and high-speed train (HST), at least on test tracks. The Traction TD
will take into account linked TDs work like TCMS, Running Gear and Brakes.

Task 1.1.1 — Top level requirements (up to TRL 3):

The objective is to understand, specify and agree and update the operational and maintenance needs
of operators and infrastructure managers to secure train operators needs for the year 2020 and
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beyond. With this input the top level requirements of the next generation traction systems are
described for a range of applications covering tramway, metro, sub-urban, regional and high-speed
trains. Market segments specific requirements profiles are developed that serve as input for the
traction demonstrators. The task also includes an update of technologies transfers along the project
duration.

Vehicle manufacturers will collaborate in this task, in close collaboration with EU users/operators and
the Shift2Rail cross-cutting activities.

Members will contribute to describing needs and building the vision for future 2020 Traction systems
for new and refurbishment markets.

In particular, Members will contribute to describing needs on:

e LCC aspects, covering traction weight and volume savings; operation cost reductions (including
energy and maintenance costs)

e maintenance oriented design, including digital technologies to achieve a more efficient
maintenance policy

e virtual certification, standardisation of components & qualification to reduce authorisation costs,
market analysis and eco-labelling needs

e comfort: noise reduction including train in parking mode and acceleration and focus on Traction
cooling systems (parking, stand still and pass-by modes) and tonal noise (acceleration and
parking);

Members will focus on the needs and markets of different segments: Metro, Regional, sub-urban,
HST, and tramways. Technical and economic targets will be detailed in line with S2R general targets
per train segment.

The work to be done involves: State-of-the-art of traction systems, market and economic studies,
requirement specifications on system and component level, top level concept and interfaces with
limited collaboration between Members on their respective applications, eco labeling on energy,
noise & recycling (LCA).

Task 1.1.2 — Development of lab prototypes (up to TRL 4/5)

The task includes the development of traction systems and components for tramway, metro, sub-
urban, regional, HST, the integration and test of critical technology, development of hardware and
software for the prototypes, the lab tests, scale one mock-up validations, and the relevant regulatory
and market analyses.

The prototypes will be developed with the help of methodologies and tools developed in other tasks,
such as 1.1.3, 1.1.4 and 1.1.5. Some prototypes will be taken to higher TRL demonstration in T1.1.7.

Vehicle manufacturers will contribute each on a different application developed up to TRL4-5.

On Urban/Sub-urban Traction, complete SiC based power trains for Metro, Tramway and Sub-urban
prototypes will be developed.
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On Regional Traction, a complete SiC based power train and a e-transformer elements will be
developed.

On HST Traction, a low-floor system for an independently rotating wheel architecture will be
developed.

Members will support pre-studies on:

e energy savings: Hybrid technologies via energy storage, energetic optimisation including, braking
energy recovery solutions,

e maintenance: spare parts obsolescence management will be taken into account at design stage.

o feasibility of traction upgrade at mid-life renewal thanks to interfaces standardisation will be
considered .

e evaluate the impact of potential fast rotating electric motors on noise, bearings aging.

e support more connectivity for Traction, i.e. transmission of maintenance or energy detailed data
from the Traction sub-system or components.

e support component and system lab tests

All relevant latest scientific, technical progress, results and deliverables from other Traction TD
“support” tasks will be used in this task and applied on components and sub-system developments.

Urban/Sub-Urban Traction System & Components development

Several members will contribute to Urban/Sub-Urban Traction System & Components development,
with different applications.

Tramway: A new traction architecture for tramway application will be developed
Architecture, concepts, interfaces

From top level requirements, the suitable performance and architectures of a new generation of
converter will be defined, based on SIC material. An overall system optimisation including
innovative mechanical integration concepts is targeted.

Integration and test of critical technology

The integration challenges into tramway applications will be studied and appropriate solutions
derived including control algorithms, semiconductor gate drive circuit, EMI/EMC aspect,
advanced cooling systems, noise level mastering. The impact of the fast switching characteristics
on adjacent traction components, the isolation system of motors and transformers will be
considered.

Development of prototypes (HW and SW)

A converter and the control system will be developed and a prototype for tramway applications
will be built.
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Lab-tests

The tramway traction converter will be validated and tested up to TRL4. The lab tests will focus
on the expected converter performances including reliability. Typical requirements valid for the
railway domain including the environmental conditions for vehicles will be considered for the lab
tests.

Validations on static test bench

The converter will be validated and tested on the overall system performance including weight
and energy savings of the traction components like motor and filter components.

Metro: A traction sub-system and components will be developed, integrated, tested and validated. It
includes Power cores, drivers, power electronics, transformers, inductive components and control
strategies. A functional mock-ups & prototypes will be carried out.

The Architecture, concepts, interfaces of new architectures will be defined and described.
Integration and test of critical technology

Some issues related to the integration of new SiC components in metro trains will be solved, new
control strategies, new drivers and new control hardware developed and integration tests made.

Development of prototypes (HW and SW)

Components prototypes, medium frequency transformers and inductive components will be
developed and a fully functional prototype of SiC based traction converter for metro application
will be built

Lab-tests

Metro prototypes will be validated. This validation includes the research unit tests at component
level as well as the validation of the power cores, medium frequency transformers and inductive
components.

Validations on static test bench

Combination testing, integration on combination testing scenarios and validation on test bench
of the metro converter prototypes for demonstration platform will be carried out.

Sub-urban: A new traction architecture for sub-urban trains will be developed, along with prototypes
of motor converter, traction front-end, control electronics, packaging, and motor.

Architecture, concepts, interfaces

The concept of the sub-urban traction system will be elaborated after architecture, interfaces,
basic concept alternatives and design principles description. Criticality, and cost/benefit will be
evaluated.

Integration and test of critical technology
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The concept design of power cores integrating the new generation of semiconductor modules
and further critical technologies (drivers, control electronics, advanced cooling, advanced
passives) for sub-urban applications will be developed and improved. Simulation and testing
methods are extended to design and will help to verify robustness, fast switching, compact and
more energy efficient traction sub-system or components. Integration challenges with the entire
traction sub-system will be studied.

Development of prototypes (HW and SW)

The traction converter prototype for sub-urban applications based on the conceptual design and
further components of the traction system will be developed.

Lab-tests

Successive integration test in the lab will be performed in the context of the sub-urban
application and finally tests the critical functions of the whole prototype.

Validations on static test bench

The sub-urban converter prototype with the traction motor and other components will be
validated in a combined lab test.

Integration and test of critical technology work will take place where Then Development of
prototypes (HW and SW) will be done.

Some Lab-tests will be performed. The task will end with validations on static test bench
Regional Traction System & Component development
Architecture, concepts and interfaces:

e for the E-Transformer, the following studies will be done: train architecture, RAMS, pre-study of
power structure, prototype, control, SiC packs High Voltage and Low Voltage, power part
development, characterisation of semi-conductor.

e for SiC Traction, the following studies will be done: external interfaces definition, power Train.
Then Development of prototypes (HW and SW) will be done:
e On E-transfo: realisation of one or two stages of e-transfo.

e For SiC Traction: optimised traction components development, first tests with functional mock-
up to validate the control strategies, the drivers, and the control hardware, traction test bench
development.

The task will end with validations on static test bench.
e On E-transfo it will be: integration of equipment and testing of complete system.

e For SiC Traction: integration of equipment in test-bench, investigation and validation tests
(functional, electrical, thermal, noise and EMC test report)
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HST Traction System & Component development

A real-scale independently rotating wheel architecture prototype on a HST will be developed,
manufactured and tested:

e development of a prototype single wheel motor integrated into a bogie structure (mechanical
integration demonstrator).

e |ow-floor traction system for an independently rotating wheel architecture (single axle or double
axle), with passive guiding and direct wheel-drive, to be integrated in a HST.

The output will be:

A single wheel motor ready to be integrated into a bogie structure which will allow a fully walk-
through lower floor.

The support of an HST Operator is expected in this area.
Upstream Market analysis / regulation analysis / market viability

Apart from technical work and developments, Market needs, standards studies will be done on the
different targeted applications. Risks and barriers will be identified, proposals will be done to
mitigate the different risks, remove barriers that hinder new technology to enter the markets. ROI
file elements for all markets will be evaluated including R&D Costs, future potential product cost,
time to market.

Task 1.1.3- Tools and methodologies for reduced traction noise and EMI (up to TRL 3):

The objective of this task is to reduce the acoustic and electromagnetic emission of a traction system,
developing methodologies and simulation tools able to predict the emissions during the
development phases of the or traction components and sub-system in general but also for the SiC
based traction system developed in this TD.

Members will collaborate in this task on electromagnetic forces/noise reduction.

The mechanisms of electromagnetic noise sources will be described and models developed and
validated, reduction measures for relevant traction components defined, and results by simulation
and testing verified.

Work on Aeroacoustic noise reduction and specific work on EMI emission and susceptibility evolution
will be carried out by members

New solutions for controlling the noise levels and tonal noise (acoustic and electromagnetic) for
standstill, acceleration and pass-by phases of trains will be found using a train-track virtual model for
various operating conditions simulations. Work on optimisation of noise and energy consumption of
parked trains will be done. Investigations of operation/park modes, component studies (for example
fan technology) are planned.
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Task 1.1.4 — Tools and methodologies for increased reliability, availability and smart maintenance

(up to TRL 3/4)

The general objective of this task is to increase reliability and availability of traction components and
to develop advanced maintenance methodologies and software tools. Increasing reliability and
availability will not only drop Life Cycle Cost but also boost safety and allows the operators to run
trains according to schedule. Members will collaborate in this task to Improve the knowledge of
mission profiles, improve knowledge of failure mechanisms of critical power (traction) components,
develop concepts and architectures for high availability, define a methodology for life cycle
estimation, formulate design guidelines, evaluate sensor technology and concepts from other
industries and propose transfer to rail, improve methodology for reliability stress tests, develop
remote diagnostic and health monitoring of traction systems and components and propose
predictive maintenance principles. All this work will be applied on T1.1.2 developments.

A combination of co-operations will take place and Members will work as follow:
e Develop concepts and architectures for high availability

e Develop a methodology for life cycle estimation of critical power (traction) electronics
components in real operational conditions

o Develop models for reliability and lifetime prediction of critical components and formulate
design guideline

e Evaluate sensor technology and concept from other industries and propose transfer to rail
(reliability, availability, cost)

e Improve methodology for reliability stress tests
o Develop remote diagnostics and health monitoring of traction systems and components

e Provide a proof of concept for remote diagnostics & health monitoring and develop the
predictive maintenance principles

Members will finally apply Reliability/Availability effectiveness demonstration on the high TRL
technology demonstrators

Members will:

e Provide data and analysis on reliability (including power components better knowledge on the
ageing) and safety

e Collaborate on in Real-time diagnosis and predictive maintenance of the traction system with
digital train-to-ground communication

e Participate to Smart Maintenance developments on Traction components, support digitalisation
(including remote data analysis) and Condition based maintenance (CBM) using existing sensors.
Cooperation with maintenance depots activities is envisaged and a TRL5-7 demonstration is
planned.
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Task 1.1.5 — Requirements, specifications & developments for virtual validation and certification

(up to TRL 4/5)

Traction certification is currently considered a too costly and too long process and could be
optimised. If certification and validation tests could be transferred from test ring to static test bench
or pure numerical simulation tests, major cost and time savings could be achieved. The task main
activity is to develop methods and simulation tools for improved design, validation and certification
of traction components and subsystems.

Members will collaborate in this task on establishing a state of the art and gap analysis, providing the
requirement and concept specification including interfaces with vehicle authorisation and propose
methodologies/ standards & regulation improvement when needed.

Members will:

e Define simulation scope & domains, develop and improve models, improve the static test bench
to reduce on trains tests.

e Assess the energy improvement by means of simulations based on the traction parameters
evaluated by the TD-responsibles. This is carried out for the use cases high speed, regional and
sub urban.

e Quantify the virtual validation and certification effectiveness benefits on the Traction TD
demonstration task, with one of them providing a (TRL 4 to TRL 5) Hardware in the loop and
proof of concept for testing and virtual certification.

e Collaborate to Standards & certification (upstream standardisation phase). They will participate,
support and/or develop new methodologies and tool to increase virtual validation and
certification including Hardware In the Loop (HIL) methodology to evaluate the impact of new
solutions on the behaviour of the traction system concerning EMC

Possible contributions of Operators, ERA and/or National Safety Agencies and other Associates could
be needed.

Task 1.1.6 — Supply standardisation for key components & Technology transfer (up to TRL 5/6)

The objective is to deliver pre-standardisation for key components, eventually participate to
standardisation of new key components, update the relevant new technologies as well as access and
transfer research results from on-going and forthcoming European research projects out of different
industries, and also from research programme outside of Europe.

Members will collaborate in this task to define set-up for technology research and transfer, perform
“technology research” disseminate technology research results in the Traction TD working groups
and to support the task of standardisation.

Supply standardisation for key components

The objective is to increase pre-standardisation and eventually standardisation of new key
components delivered from equipment and component manufactures to the rail industry.
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This task helps to improved reliability, help second source of semi-conductors and long term
availability.

Members will collaborate in this task on new generation power semiconductors standardisation.

Work on standardisation of new electromagnetic and insulation components and materials, new
sensor, sensor systems and busses will be carried out

Members will contribute on new standards & regulation for virtual validation and certification

Technology research and transfer

The objective is to get an update on the relevant new technologies as well as access and transfer
research results. In an initial activity existing new technology and new scientific concepts are
identified, accessed, evaluated and compiled for consideration in the various work tasks (build
technology intelligence).

Major search fields will be in automotive, aerospace, electrical energy conversion and distribution,
automation.

Task 1.1.7 — Integration, demonstration and assessment (up to TRL 6/7)

The objective of this task is to generate physical demonstrators, integrated in rolling-stock, suitable
to perform track tests, either in commercial lines or test rings (TRL7 demonstrator) in Metro,
Regional, and High Speed application segments. The final choice between TRL 6 or 7 will depend on
constraints relating to certification or authorisation to use the prototypes on commercial lines.

Integration

Members will:

e Integrate a fully functional prototype of SiC based traction converter for 1500V in a demonstrator
Metro vehicle.

e Integrate a fully functional prototype of SiC based traction converter in a demonstrator Regional
vehicle

e Integrate a fully functional prototype of a low-floor independently-rotating-wheelset in a High
Speed Train.

Major contribution from operator members should occur in the Regional segment but for Metro and
High Speed segments Operational costs of the vehicle during the tests and demo will be covered by a
industrial members.

Members will provide an EMU to support Integration of a Medium frequency E-transfo 15 kV based
on new SiC semi-cond and to support energy storage on board (hybrid or autonomy mode)
experimentation.
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Demonstration and assessment

The objective of this task is to demonstrate and asses the results of the outputs of the R&D activities
carried out during the project based on the experimental results obtained in the rolling stock tests in
the field

The technical results will be used on the conclusion of the Traction TD:

e A (TRL7) fully functional prototype of SiC based traction converter for Regional train will be
assessed

e A (TRL7) fully functional prototype of SiC based traction converter for 1500V metro train will be
assessed

e Demonstration and assessment report of a low-floor, independently rotating wheel distributed
traction system (TRL7) prototype for a HST train will be prepared

Areas for Open Calls

In addition to the type of expertise and skills proposed by the Members of the S2R JU, the following
complementary expertise and skills would be required to carry out the above tasks:

T1.1.1: Top level requirements

e Prospective: Description of long term objective (ie ERRAC SRRIA) and traction impact,
Digitalisation, Big Data and impact on Traction (real time detailed Energy and maintenance data),
Description of needs, markets studies, eco-labelling (other operators, consultant,...)

T1.1.2: Development of lab prototypes

e Research on very high power density permanent magnet motors for wheel mechanical
integration. Research Clusters will be helpful on the “Integration and test of critical technology »
work, on different scientific and technology work needed on (Regional, Urban, Sub-Urban and
Tram) SiC Traction systems and components

e One or more European semi-conductor industrials are needed to check requirements concerning
semiconductors, investigate possible realisations of semiconductors for (tramway, sub-urban, ...)
application, realize tests, propose realisations of semiconductors aimed at all the range of
possible different applications (tram, sub-urban, ...)

e Regulation analysis of future propulsion systems (including SiC but not limited to SiC) could be
helpful

e Labs for the scientific and technology work linked with breakthrough technologies ie SiC, Traction
sensor wireless communication, energy storage very high power density and energy density, etc.

e Expertise in designing and manufacturing permanent magnet motors
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T1.1.3: Traction acoustic & EMI noise

e Research Cluster, Academics and/or innovative SMEs could propose methodologies and develop
simulation software for electromagnetic noise and cooling noises prediction. Open Calls would be
used to complete tools developments for simulation of EMI emission (power converter emission,
line modeling, multitrain, etc.).

T1.1.4: High reliability & availability

e Semi-conductor industrials and/or research clusters are appreciated to support reliability and
availability tasks for of semiconductors and other critical components. Support from a research
Cluster is needed on:

o Health management of power semi-conductors and development of health monitoring
approach

o Investigation of failure mechanisms of new SiC based power components (safe operating
area, MTBF, etc.)

e Tools and methodologies for increased reliability and availability & Smart Maintenance:

e Labs to progress on data synthesis and messages to transmit via train connectivity systems (from
parts to global line, including remote diagnosis and maintenance)

T1.1.5: Virtual certification

o Some Research Cluster would be helpful in various simulation domains including EMC and for the
development of Hardware in the Loop environment for testing and diagnosis of propulsion
systems. Contribution of ERA and/or National Safety Agencies could be also needed.

e ERA, NSAs to work on evolution of regulations/ process of certification

e Labs to progress on physical understanding of phenomena and simulation description (ex: EMC,
interaction trains/infrastructure/signalling)

T1.1.6 Supply standardisation for key components

e TSI follow up with ad hoc external group, ie: Traction specific topics, energy,...

e improve the results of work in the field of storage technique (standardisation, optimisation, ...)
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1.5.1.6. Planning and budget:

TDs TASKS TRL 2015 2016 2017 2018 2019 2020 2021

TD1.1 TRACTION

1.1.6 Standardisation for key components & Tech. Transfer 5/6 [

1.1.7 Demonstration & assessment 6/7

1.1.1 Top level requirements 3 II | | ]
1.1.2 Development of lab prototypes 4/5 | 1 I I I
1.1.3 Traction acoustic & EMI noise 3 | 1 | | |
1.1.4 High reliability & availability 3/4 | I | | |
1.1.5 Virtual certif. & homologat. 4/5 [ | , ,

|

|

The estimated total budget for Traction TD is around 75,1M €.
1.5.2. TD1.2 Train Control and Monitoring System Demonstrator
1.5.2.1. Concept and objectives of the TCMS Demonstrator

The Train Control and Monitoring System (TCMS) is the brain and the communications backbone of
the train, which has some essential roles on vehicle performance:

e Integrates and manages all on-board information. Makes train control decisions considering the
global state;

e Performs communication between equipment, between vehicles, between consists and between
train and ground (except signalling related, up to now), and;

e |s the essential actor in the integration and interaction between different subsystems of the
train.

Most currently deployed TCMS are based on the IEC-61375 TCN standard which was originally
established in its first version in the late 1990s. The network is composed of two buses: The
multifunction vehicle bus (MVB) and the Wire Train Bus (WTB).

This technology, still in use, is very much specific to railways. Therefore few or no concepts or
hardware from other sectors can be reused. The specific hardware and software make MVB and WTB
expensive, while their relatively poor performance (1.5 MBit/sec. and 1.0 MBit/sec. respectively)
means a bottleneck for deploying new demanding functions onboard.

So the information transmission possibilities of existing standard TCMS network for train control
functions are quite limited, and the increase in information volumes and the introduction of new
diagnostics and passenger oriented services requires today an additional network often based on
Ethernet. The IEC TC9 Working Group 43 has been working on a new revision of IEC-61375, which
includes, for the first time, two Ethernet based buses: The Ethernet consist network (ECN) as a
replacement for MVB and the Ethernet Train Backbone (ETB) as a replacement for WTB. Although
Ethernet brings higher throughput and other benefits like reduced cost, some important weak points
remain in TCMS systems.
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Current practice in industry involves a standard physical TCMS network for train control functions
and an additional network (often based on Ethernet) for other functions. This means a considerable
amount of on-board cables and therefore weight and complexity. To make it worse, current TCMS
solutions achieve certain safety levels (SIL 2) which is not enough to move train safety lines (i.e. more
cabling) to pure data transmission through the communication buses due to their safety-critical
mission (SIL 4).

Today, coupled trains have become an important bottleneck in terms of performance. Transmission
through the auto-coupler is notably impaired by the contact nature and the performance of ETB is
much lower. Wireless communications are already a reality, but there are no on-board applications
in railways (except internet connection for passengers). Many uncertainties concerning technology,
and safety and security aspects block any attempt to use them.

Even if the communication is possible, applications on both sides of the coupling are many times
incompatible, due to different implementations, versions, or retrofitting. Self-configuring adaptive
solutions providing plug-and-play features through a functional open coupling may solve this issue.

However, the final step is providing a virtual coupling, where the consists run together, as coupled,
but without any physical connection, thus consists manufactured by different companies and with
different interfaces could be virtually coupled, driven together by the leading cabin and sharing the
same traffic slot. Pushing the concept to its limit, it would be possible to couple and uncouple
consists on-the-fly (i.e. while both consists moving or even cruising) and increase significantly the
capacity of the line by making long chains of virtually coupled trains. Although this concept will be
developed in the Innovation Programme 2 (TD2.8 — Virtually Coupled Train Sets) the concerned TCMS
infrastructure is targeted by this TD.

Successful integration of subsystems and commissioning of TCMS require huge efforts and take an
extremely long time due to the lack of standardised application profiles, appropriate architectures
and simulation and testing frameworks. The increasing number of new services and applications
brings several modifications of the TCMS implemented functions along the train’s life, implying re-
commissioning the TCMS every time. The current standard in TCMS authorisation is largely based on
FMEA analysis based on the TCMS architecture and extensive testing on laboratory setups as well as
on the real train. Especially the testing on the train is a very high effort and takes lots of time — often
delaying the start of service operation for entire fleets significantly. This situation can be significantly
improved also by developing an authorisation process based on simulation.

In 2010, the operators analysed the future needs for high speed rolling stock, providing some
recommendations for the TCMS?:

e Integration of functions may reduce the weight of trains by reducing the amount of wiring and
controllers for each component.

e To increase reliability and avoid electrical system errors, electrical coupling using wireless data
transmission could be introduced avoiding physical intervention.

? International Union of Railways. Necessities for future high speed rolling stock. Technical report, 2010.
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Thus six main innovations are envisaged to develop within the ambit of this initiative:
e Virtual certification;

e Function distribution based architecture;

e Driven-by-data;

o Wireless communications for TCMS (including CCTV);

e Functional open coupling, and;

e Support for virtual coupling.

The next generation of TCMS with wireless capabilities, full “driven-by-data” command, seamless
coupling, enhanced throughput and reliability, and new architecture based on distributed functions
while supporting safety and security functionalities, improved sensoring, supporting easier
authorisation and self-configuration will overcome today’s limitations.

A complete new TCMS architecture, mixing wired and wireless communications, enhanced
interoperability, and “driven-by-data” concept, will be developed. The needed work includes the
definition of new protocols and application profiles, standardised software framework supporting
reallocation of functions, the definition and validation of the wireless technology including the
ground connection, the definition, design and manufacturing of new devices (routers, repeaters,
sensors, end-devices, gateways) while taking into account safety and security aspects, which may
imply the design or use of specific encryption hardware.

On the other hand, both the virtual coupling together with the functional open coupling concepts will
mean the complete interoperability from the TCMS perspective, while paving the way for a new way
of operating trains by creating chains of virtually coupled trains, which can be attached and
detached dynamically according to the service needs and available slots.

Technological output to be delivered by this TD:

New generation TCMS architectures and components with wireless capabilities, enhanced
throughput, safety and security functionalities, supporting distributed function execution and
mechanisms for easier authorisation will be delivered to the SDPs.
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Specific achievements to be delivered by this TD:

1. Reduce the amount and weight of cabling for train control by half (Save 10 km of cable in each
20 m railcar). Reduce the space used by electronics hardware by 25%
Ability to implement SIL4 functions in the TCMS to perform additional safety-critical tasks.
Increase in the availability of trains related to the functioning of train control and monitoring by
50%

4. Ability to couple any pair of multiple unit of different types, a feature currently totally non-
existent and can significantly increase line capacity

5. Support technologically the development of the “virtual coupling” concept, which can
dramatically increase the capacity of lines

6. Reduce cost, time and effort in project engineering, integration and authorisation phases by
50%

The following table shows how the proposed activity will contribute to the achievement of the
Shift2Rail objectives as stated in the Shift2Rail Master Plan:

Table 2: Objectives and deliverables of the TD

S2R Objectives TD Objectives Practical contribution (how)

Increased reliability and less service
disruptions thanks to wireless TCMS and
new architectures based on the
functional distribution concept.

Improved services and

. Increased availability
customer quality

Less but more reliable components
integrating several functions (incl. safety
critical ones). Easier integration, testing,
validation and retrofitting / upgrading.

Reduction of manufacturing,
Reduced system costs commissioning, operating and
maintenance costs

More flexible and reliable interoperable

SIL4 functions. Simplified coupling procedures. Standardised
Simplified business authorisation. Wireless TCMS. testl.n'g pl.atforrn allowing V|rtl.1al
processes Ut he affected certification. Simpler connections
Contribution to the affecte through wireless networks.

standard series. Standardisation oriented work.

Seamless coupling. Integration of

Radio based TCMS including a
standardised train-to-ground link, new
architectures based on the functional
distribution concept and standardised
application profiles.

Seamless coupling. Support of the
IP2 “Virtual Coupling” paradigm.
Wireless TCMS including train-to-
ground.

Enhanced interoperability

1.5.2.2. Technical ambition of the TCMS Demonstrator

At the beginning of the nineties, the widespread introduction of digital devices on board of trains
brought the need to interconnect them, pushing companies in developing or using many
independent solutions. Several implementations about train busses started appearing on board
trains, resulting in a number of not interoperable products. This was hindering the possibility to
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couple vehicles from different manufacturers, as it is requested in international operations, due to
their non-compatible communication networks.

To solve such problems, IEC (International Electro-technical Committee) and UIC (International Union
of Railways) started a standardisation work, supported by the industry, which finally brought in 1999
the approval of the IEC-61375 standard for a “Train Communication Network” or TCN and the UIC
leaflets UIC556 "Information transmission in the train (train bus) and UIC558 “Remote control and
data cable” that specify the application data exchange using TCN. Since then, TCN has been deployed
in thousands of rail vehicles and trains worldwide, becoming the reference networking platform for
many devices and applications.

This technology, still in use, is very much specific to railways. Therefore few or no concepts or
hardware from other sectors can be reused. The specific hardware and software make MVB and WTB
expensive, while their relatively poor performance (1.5 MBit/sec. and 1.0 MBit/sec. respectively)
means a bottleneck for deploying new demanding systems onboard.

So the information transmission possibilities of existing standard TCMS network for train control
functions are quite limited, and the increase in information volumes and the introduction of new
functions and passenger oriented services requires today an additional network often based on
Ethernet.

The CCTV (Closed Circuit Tele Vision) systems are more and more deployed in the trains as security
systems. In addition operators provide new powerful infotainment (information & entertainment)
services to the passengers based on TFTs, contents servers or powerful displays. VolP (Voice over IP)
communications onboard or train to ground, real-time services to ground servers (monitoring,
diagnosis, etc.), onboard internet access, etc. are implemented on the trains as standard services.
This kind of services and the devices of these systems demand much bandwidth of the
communication network.

Obviously these services cannot be based on MVB/ WTB buses, so in practice an additional Ethernet
bus is mounted to cover them.

Figure 6: Current TCMS
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Although Ethernet brings higher throughput and other benefits like reduced material cost, some
important weak points remain in TCMS systems with this architecture:

e |t does not manage safety critical communications: Train safety lines are required;

e Integration, debugging and (re)commissioning still require too much time and money, impairing
the competitiveness of the railway industry;

e Processing architecture not optimal for compatibility, reliability and safety;
e Train-to-train communication performance is poor;
e A big amount of cabling is needed, whose side effect is high cost and weight;

e TCMS is responsible for approximately 25% of the service disruptions caused by train failures,
due to hardware (cabling, connectors, boards...) faults or software bugs;

o Non-standard train-to-ground communication blocking the deployment of new interoperable
functions (e.g. energy metering).

Beside the industrial evolution and the tasks carried out within the standardisation group IEC TC9
WG43, a number of activities have been carried out in the last years, and some of those were
research projects financed by the European Commission; all those initiatives contributed to the
evolution of TCMS so far. A summary is reported in the following table:

Table 3: Past initiatives

Project

IEC-TC9-WG22 (1989-1999) Protocol specification for a Train Communication Network (TCN)

Integration of railway and ICT to link train and ground systems, allowing

FP5 TrainCom (2000 -2003) to develop new interoperable applications

Subproject ModControl: Functional breakdown structure and functional

FP6 ModTrain (2004 - 2007) interface specification of subsystems.

Subproject ICOM: Train to ground wireless communication architecture

FP6 InteGRail (2005 — 2008) and concepts, IPVE

FP7 Marathon (2011 - 2014) Radio link between locomotives.

Development towards near future incremental innovation:

Today Fast Ethernet with a bandwidth of 100 MBit/s and perspective of up to 10 GBit/s is more and
more deployed in factory automation and migrated to railways through the new ETB and ECN buses.
This appears to be a good improvement as a follow-up of WTB and MVB.
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The main four communication paradigms of TCMS should be retained in a future train
communication system:

e The hierarchical structure of train level and vehicle level can be reflected with the addressing
scheme and the separation of data flows in different subnets;

e The separation of deterministic process data and event driven message data can be
implementation by Virtual LAN (VLAN), Quality of Service (QoS) and Virtual Private Networks
(VPN);

e The auto configuration of the WTB, which also uses point-to-point connections during
inauguration of the train, can be adapted to a switched Ethernet;

e The device-independent addressing of functions can be assisted by Internet technologies like
static and dynamic name servers.

Figure 7: Communication Network based on IP/Ethernet (simplified)
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The Ethernet technology is accompanied by Internet Protocols (IP), that are freely available,
absolutely open, proven in a tremendous amount of applications and nowadays can be found in
more or less every system, e.g. office Personal Computers (PC), Personal Digital Assistant (PDA),
internet server or control systems. This allows a seamless integration of trains into the operator
infrastructure including control centers, workshops and offices, through an appropriate and
standardised train-to-ground link.

Ethernet can be deployed as an "all in one" solution or as well in parallel to MVB and WTB, which
might also be well suited to retrofitting existing train fleets. But from the cost and maintenance
perspectives, it might be better to use only one Ethernet based communication system.

In practice, it can be expected that there is a smooth migration from today's systems to Ethernet
based IP systems, and both will be deployed in parallel for quite some time. This is also reflected in
the standardisation work of IEC, which opened the document structure of the TCN standard to
include new vehicle (consist) and train networks.



Shift2Rail MULTI-ANNUAL ACTION PLAN - Part 3 m

Figure 8: TCN standard evolution

Ethernet Train Backbone

L

ETB
Wire Train Bus WTB
WTB L
MVB
Multifunction Vehicle Bus MVB
MVB Ethernet Consist Network
ECN .
Ethernet Consist Network
ECN
Existing New

Integration Phase

TCN Standard TCN Standard

The definition of abstract services and interfaces facilitates the migration from today’s TCN to a much
more powerful Train Communication Network based on Ethernet (ECN+ETB).

Figure 9: Modern TCN architecture based on Ethernet
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This new bus may avoid the current duplication and partly or totally overcome some drawbacks of
existing technology, due to:

e Higher throughput;
e More standard components, lower cost, and;
e Less cables than before.

Still, even when this improved architecture is developed and implemented, some big limitations will
remain, such as:

e Train safety line will be required;

e  Still big amount of cabling is needed meaning cost and weight, among other implications;
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e Processing reliability can be improved, or;
e Safety critical functions higher than SIL2 are still not considered.

Transmission through the auto-coupler is notably impaired by the contact nature and the
performance of ETB is much lower.

Wireless communications are already a reality, but there are no onboard applications in railways
(except internet connection for passengers). These technologies are widely used in another
industries and applications, but many uncertainties concerning the technology block any attempt to
use them, especially safety and security aspects.

Successful integration of subsystems and commissioning of TCMS requires huge efforts and takes an
extremely long time due to the lack of standardised application profiles, appropriate architectures
and simulation and testing frameworks. The increasing number of new services and applications
brings several modifications of the TCMS implemented functions along the train’s life, implying re-
commissioning the TCMS every time. The current standard in TCMS authorisation is largely based on
FMEA analysis based on the TCMS architecture and extensive testing on laboratory setups as well as
on the real train. Especially the testing on the train is a very high effort and takes lots of time — often
delaying the start of service operation for entire fleets significantly. This situation can be significantly
improved also by developing an authorisation process based on simulation and the deployment of
plug-and-play concepts.

In addition, all the systems implemented on the trains have their own architecture which is not,
always, shared with other systems. The way the systems are integrated is the communication bus,
but they maintain their own processing capabilities. If these capabilities are shared and a distributed
architecture on the train is defined, with shared processing between different systems, a higher
safety and reliability level could be offered.

Shift2Rail Vision of the new generation TCMS

The vision for the new generation of the TCMS proposed in Shift2Rail is based on the expected
evolution of fundamental technologies applied to the following:

e Hybrid wireless communications in-car, between vehicles, to ground
e Reduced number of processor which can handle any function from any system
e Architectures prepared for safety critical functions

e Time and cost efficient authorisation and authorisation
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The following table summarizes how this TD will progress the state-of-the-art and overcome today’s

limitations and difficulties:

Table 4: Comparison between state-of-the-art and future

State-of-the-art

New Generation TCMS

Wired TCMS implies a lot of cabling and connectors,
and is an important source of failures. Impaired data
transmission through the auto-coupler.

Wireless TCMS to reduce cabling and remove the
need of a physical contact in the auto-coupler,
improving reliability and performance.

TCMS up to SIL2. Safe train lines still needed.

“Drive-by-date” concept: TCMS to provide SIL4
capabilities which allows the integration of safety-
critical functions.

Architecture based on numerous CPUs (one or more
per subsystem) distributed along the train. Any
software change in one of the subsystem requires a
new commissioning as applications interface directly
with the communication buses.

Architecture based on a functional distribution among
a reduced number of CPUs, where each function
interfaces the TCMS through a standardised
framework; only re-commissioning towards the
framework is needed then.

Long and costly on line debugging and commissioning
processes. Integration tests require physical presence
of subsystem suppliers.

Use of a standardised simulation framework to
virtually test and certify the TCMS and its
applications, including remote connection through
internet and hardware-in-the—loop.

Interoperability is impaired by incompatible coupling
vehicles. They not only require having identical
physical interfaces, but also require having
compatible TCMS application software (i.e. same
onboard services, software versions and functions).

The deployment of the wireless TCMS, the
standardised functional distribution architecture and
the definition of standardised application profiles
allow seamless coupling of vehicles.

The train-to-ground link is not standardised so no
interoperability is possible for functions requiring
such connection (e.g. energy metering). Roll2Rail will
propose a standard which will require further
implementation and validation.

A standardised train-to-ground communication will
assure interoperability and pave the way for the
deployment of new functions, transforming the train
into an extension of the railway undertaking’s
network.

Figure 10: Future TCMS architecture
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These technologies may be applied separately or combined depending on the features of the
application, in order to obtain best results.

The work that is currently in process in TCN-Ethernet will be the main input for the activities
envisaged in this TD. In other words, MVB and WTB will be considered as obsolete and not taken into

consideration for the proposed activities and studies.

1.5.2.3. Specific Demonstration activities and contribution to ITDs/SPDs

The following table summarises the contribution of TD 1.2 TCMS to the different ITDs of Shift2Rail
are shown in the following table:

Research

Area

Train
Control
&
Monit.
System
(TCMS)

Specific T Demonstrator
Specification -
Techn. o Focus of activity
. Activities
objective Market  TRL

Radio techn., | Metro 6/7 | Incorporate wireless technologies to the train
Wireless architecture communication network solutions (i.e. train
TCMS and Regional | 6/7 | backbone, consist network and train to ground

protocols communication).

Metro 6/7 | Provide a train-wide communication network for
Drive-by- Architecture, full TCMS support including the replacement of
data protocols Regional | 5 train lines, connecting safety functions up to SIL4
(incl. signalling).
Metro 6/7 | New architectural concept based on standard
- framework & application profiles, distributed

Functional | SPecification, computing to allow execution of compliant
distribution | 2rchitecture 5 | functions on end devices distributed along the
architecture anq |r'1’€erface Regional vehicle meeting different safety & integrity

definition requirements

6/7 | Support the Functional Open Coupling

Technology Standardised simulation framework in which all
Virtual definition, subsystems of the train will be simulated, allowing
Placing on protocols Generic | 6/7 | remote and distributed testing including hardware
the Market | and in-the-loop through heterogeneous communication

procedures networks.

1.5.2.4. Impact of the TCMS Demonstrator

The most significant quantitative benefits to be obtained in relation to the objectives listed in the

previous sections are:

o Reduce the amount and weight of cabling for train control by half (approx. save 10 km of cable in
a 20 m car). Reduce the space used by electronics hardware potentially up to 25%;

o Implement SIL4 functions in the TCMS, which will be able then to perform safety-critical tasks
(e.g. replacing train lines or integrating signalling communications);

e Increase in the availability of trains related to the functioning of train control and monitoring
potentially up to 50%;
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e Make possible the coupling between any pair of multiple units of different types, which is a
feature currently non-existent and can significantly increase the flexibility to share slots and to
manage fleets potentially up to 20%, and;

e Reduce cost, time and effort in the project engineering, implementation, manufacturing and
authorisation phases, and later during operation, potentially up to 50%.

Those specific benefits have a major impact in the Shift2Rail system-level KPIs highlighted in the
Master Plan. The relative weight of the benefits provided by this work on the overall system-level
KPIs for the whole Shift2Rail initiative are estimated (over a total of 100%) as:

1. Increase of capacity (potentially up to 20%): Due to flexible coupling between units and also to
the reduction of service disruptions causing line blockages and delays.

2. Increase of operational reliability (potentially up to 50%): Due to new more robust TCMS
architectures based on integrated electronics, less cabling and connectors, enhanced validation
and debugging concepts, and more flexible processing of information specifically aimed at
reliability and the reduction in the number of components.

3. Reduction of life-cycle costs (potentially up to 30%): Due to reduced engineering, testing and
authorisation efforts, integration of multiple functions (Inc. safety-critical ones), reduced weight
and improved maintenance.

All the principal elements required for rapid market uptake after Shift2Rail have been taken into
account. These are:

e Demonstration of technologies in a real operational environment to give credibility and show the
benefits clearly;

e Common standard architectures based on interoperable “black-box” concepts, and;

e Orderly development strongly supported in the generation of technical standards which will
increase the confidence of future clients and facilitate the quick deployment in new projects.

The technical developments will be standard oriented so the outcome from this TD can be used
directly by the concerned standardisation groups and committees like the IEC TC9 WG43 in charge of
the IEC 61375 series, whose convenor is aware of the content of the Master Plan and fully supports
the proposed work. For example, the IEC 61375-2-6 (Train to Ground Communication) will be fed
with the results of the wireless TCMS activities (started within Roll2Rail), making it possible to fulfil
the mandate from ERA to finalise the standard within 2 years in order to refer it from the Loc&Pas
TSI. The fact that the main contributors to this IEC TC9 WG43 will collaborate in this TD secures the
process.

The existence of technical standards will facilitate providers of components and subsystems the
development of modular solutions and families of components which will help reduce costs in a
relatively short period of time. Providers of all types of equipment connected to the TCMS will need
to adapt their interfaces, but this will also be facilitated by the developed technical standards.
Considering these facts, it can be expected that between three and five years after Shift2Rail the new
developments will be implemented in a high percentage of all new vehicles (estimated in the range
40%-80% of all new projects in Europe and 30%-60% of all new projects world-wide).
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A summary of the strategic impacts produced by the implementation of the TD results and
discoveries is given in the following table. This is organised along three main aspects: the support to
the competitiveness of the EU industry, the compliance with the EU strategic objectives, and the
degree of maturity of the solutions envisaged to be realised and to be put into practice in the railway
sector. The table provides an overview of the effects generated at larger scale by the application of
the TD results.

Strategic Aspect Key Contribution from the TD

e Technological leadership supported by a combination of radical innovation
(Wireless Train control, drive-by-data concept, distributed processing for
higher reliability ....) and technical standards, setting an effective advantage
for the European industry

e Tangible benefits for the end user:

o Increase of operational reliability (less service disruptions) through more
robust systems based on less physical components, enhanced validation

igg;:::i;if\lxzness of the EU and debugging concepts, and more flexible processing of information.
industry o Support capacity increase because of trains failing less often in service

and also very importantly, making it possible for units to be coupled and
decoupled in a very flexible way.

o LCC reduction (through simpler authorisation, lower physical complexity
of systems, increased reliability ....).

o Additional performance and service through TCMS covering fail-safe
functions, flexible coupling of trains, train-to-train and train-to-ground
communications ...

e  Promotion of modal shift: A big impact brought by the implementation of
these new technologies towards avoiding service disruptions and adding
new capabilities

e  Support to capacity increase: as mentioned above this is allowed by flexible
unit coupling and less service disruptions due to lack of operational
availability

Compliance with EU
objectives

e Greening of transport through energy reduction can be achieved by better
integration between subsystems and communications out of the train, as
well as optimised consists with flexible coupling

Currently most of the proposed technologies are in TRL 1,2 (Principles observed
and the possibility of using them formulated). At the end of Shif2Rail it is
expected that the successful concepts are brought to TRL 6 or 7.

Degree of maturity of the
envisaged solutions

Interaction with other TDs (of the same IP and/or of the other IPs)

The main interaction envisaged with other TDs and/or IPs (see Figure 11), both from the point of
view of technologies employed and of interaction in performance and objectives are:

e |P1 — TD “Running Gear”: Providing interfacing for wireless sensoring and results on use of
wireless communication for monitoring key bogie operational parameters (e.g., acceleration,
temperature, etc.)

e |P1 — TD “Brakes”: Providing safety critical architectures and protocols interfacing the brake
system
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e |P2 —TD “Virtual coupling”: TD 1.2 expects to receive requirements from the “Virtual Coupling
TD, to be considered in the development of the technologies, devices and software. Wireless
components realized in TD 1.2 will be then delivered, once tested, to TD2.8 for possible
integration and demonstration, if required.

e |P5 — TD “Fully electric propulsion concept”: Providing support to the wireless communication
along the freight train.

e |12M Intelligent Traffic Management: TD 1.2 expects to receive requirements from 12M for any
train-to-ground and setting the interfaces communication

Moreover, being the TCMS system the central system for processing and communications within the
train, some level of interaction will take place with all new developments related to on-board
equipment.

Figure 11: Interaction with other TDs and IPs
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1.5.2.5. Implementation of the work programme

A clear methodology has been devised for the organisation of the technical work in the project, in
order to maximize the probability that the desired final objectives are met (see Figure 12).

Figure 12: Methodology

General specifications and architectures for Next Generation TCMS

Wireless Drive-by-data Function distribution Virtual placing on
and FOC the market

1. Specs/Interfaces
2. Research

3. Development

4. Lab test

Validation/redefinition of architectures and interfaces

3 3 3

Integration in System Demonstration Platforms Technical Standards
Different segments Guarantee future implementation
Validation in operation Ensure subsytem interoperability
Contribution to KPIs

A thorough initial task is proposed looking at general specifications, high-level system architectures
and interfaces of the TCMS of the future, considering the expected features of the technologies to be
developed and the needs to be covered.

In a second phase, technologies will be individually developed covering the whole development
process from basic research, lower level specifications, technology development, prototypes and lab
test, leading to results showing their performance and to a full knowledge of these technologies.

After technologies have been developed to their full potential and individually assessed,
specifications and architectures at whole system level will be re-assessed and the most adequate
solutions for the different types of service and operational conditions will be proposed.

The final tasks that lead to the project results are twofold:

1. Onone hand, a number of different TCMS architectures developed in the previous task that bring
clear contributions to the Shift2Rail global KPIs will be demonstrated in (2 or 3) System
Demonstration Platform

2. On the other hand, technical standards based on the architectures and technologies proposed
will be developed in order to promote future deployment. These will also include very detailed
definition of interfaces to ensure subsystem interoperability.
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Monitoring and key decision making will be managed through the process of gate type reviews at
critical milestones throughout the project. A business case approach will be taken throughout the
project to focus on the viable target applications.

It is expected that this strategy will effectively guarantee the completion of targets and the
deployment of results to the market.

Description of Tasks:

Shift2Rail members represent a wide part of the vehicle integrators community in Europe, its main
suppliers as well as major train operators, which ensures the availability of the relevant
complementary expertise and to ensure a wider market uptake of the solutions by the clients.

Specialists in the innovative technologies to be implemented are still required, particularly the ones
with experience in sectors other than railways.

The Shift2Rail members will participate in the following priority tasks of the TD1.2 TCMS to achieve
the planned final objectives. It will do so in collaboration in order to ensure the availability of the
relevant complementary expertise and to ensure a wider market uptake of the solutions.

In general, it is requested for the participation of the European Railway Agency in this activity as
advisory body, in order to guarantee that the outcomes are applicable and could be regulated.

Details are provided below:

T1.2.0 — General Specification

The objective of this task will be to work out the general specifications of next generation TCMS and
to generate a high level System Architecture able to distribute specific requirements to the different
activities to be carried out later. The following aspects, amongst others, will be covered by the
specifications: Standard and wireless coupling of consists, standardised architectures that support
data exchange between all functions and components of the network while keeping separation of
functions with different safety and security levels, to make sure that the TCMS system will be a
flexible and scalable solution for the future. Inputs from IP2 (i.e. TD2.1 and TD2.8) are foreseen to
secure that the TCMS communication channels will be able to support the integration of signalling
data exchange in the future.

Members will collaborate in this task. They will define the general TCMS use cases and functional,
technical, performance, RAMS and security requirements. Related high-level architecture and
interface requirements will be specified.

Activities allocated to Open Calls: No Open Calls are expected within this task.

T1.2.1 — Wireless TCMS

The objective of this task, is to incorporate wireless technologies to the train communication
network solutions. Research has started within Roll2Rail, where members collaborate in the basic
definition and selection of the wireless technologies (incl. physical medium, architecture, protocols,
RAMS & (cyber)security analysis and testing in lab...) for the train to train, intra-consist and train to
ground (T2G) communications and for several applications (TCMS, safety functions, CCTV,
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infotainment). This collaboration will reach TRL3/4 and complete testing and validation in the
laboratory.

In Shift2Rail inputs coming from Roll2Rail, TD2.1 and TD2.8 will be reviewed and considered.

Members are expected to then develop technical solutions (HW & SW) oriented to the metro
segment which may include wireless routers, transmitters and receivers, adaptation of software
communication layers. At least ETB and T2G and related applications will be considered. Unitary test
on real vehicles before integration in the metro ITD is foreseen (TRL6/7). Some activities related to
prototype manufacturing or to rent very specific equipment (e.g. channel emulators) will be
subcontracted.

Then technical solutions (HW & SW) oriented to the regional segment will be developed by
members. At least T2T and T2G related applications will be considered. Unitary test on real vehicles
before integration in the regional ITD is foreseen. Technical solutions (HW & SW) which may include
wireless routers, transmitters and receivers, adaptation of software communication layers will be
developed.

Members are expected to participate together in interoperability tests to be carried out in the
laboratory.

Activities allocated to Open Calls: It is expected that Roll2Rail will cover the needed research on radio
communications, including definition of routers & antennas (to be later developed by
communication specialised companies), cyber-security software and conformance tests. Therefore
no further open calls are envisaged for this task.

T1.2.2 — Drive-by-data

The objective of this task is to provide a train-wide communication network for full TCMS support
including the replacement of train lines, connecting safety functions up to SIL4 and support of ‘fail-
safe’ and ‘fault-tolerant’ principle, to provide an optimal train network for TCMS and OMTS services
and a communication mean also for non-TCMS functions like signalling subsystems (inputs from IP2
will be required again).

Industrial members will work together to define the use case, functional, technical and performance
requirements and the related architecture and interface. This definition is expected to be supported
by members. They are expected to carry out RAMS analysis including safety case studies and define
the SIL4 procedure. Finally they are expected to evaluate and select the most suitable technologies
(up to TRL 3/4).

Technical solutions (HW & SW) based on the previous definitions oriented to the metro segments will
be developed. Existing HW (switches, CCUs, RIOMs, HMIs) & SW will be adapted accordingly and
unitary tests will be carried out in the laboratory before integrating the TCMS with drive-by-data (up
to SIL4) capabilities deployment in the metro ITD (TRL 6/7). Studies about how these are affected
cabling and relay circuitries will be carried out and new solutions will be developed here. Some small
activities related to safety critical software development and certification may be subcontracted.

Technical solutions (network components) and adaptation of existing HW (switches, CCUs) & SW to
regional segment applications will be performed by one industrial member. In addition TCMS with
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drive-by-data (up to SIL4) capabilities, oriented to regional services, will be deployed (TRL5/6) for
assessment and demonstration in lab.

Members are expected to develop technical solutions for the possibility to demonstrate a drive-by-
data functionality up to TRL (4/5) and also take into account the internal interface between IP1 and
IP2.

The following interactions with IP2 will be considered:

1. The interface to the ATP/ETCS:

o Inputs: For each specific input: SIL requirements, resolution and range, update
rate/response-time from change.

o OQutputs: For each specific output: SIL-required, data format, response-time
o DMl access requirements

2. Datainterfaces of ATO:

o Inputs: For each specific input: SIL requirements, resolution and range, update
rate/response-time from change

o OQOutputs: For each specific output: SIL-required, data format, response-time
o DMl access requirements

3. Datainterfaces of other equipment, e.g. data loggers
4. Train integrity function requirements
5. Virtually Coupled Train Set requirements

Once the technical solutions are developed, interoperability will be checked in the laboratory with
the participation of members.

To be covered through Open Calls: In addition it is foreseen the need for some basic collaborative
research on safe critical systems for control and monitoring systems through communication buses,
mainly coming from other sectors like aeronautics, industrial (nuclear & chemical plants). In that
sense, the aeronautical AFDX — Avionics Full Duplex Switched Ethernet (ARINC 664 standard) should
be considered as state-of-the-art and its feasibility for railways analysed. Research on how such
existing protocols and architectures could be adapted and implemented should be carried out.

Subcontracting: The participation of switches/routers manufacturers to develop “drive-by-data”
enabled equipment and certified laboratories for testing is foreseen as subcontractors.

T1.2.3 — Functional Distribution Architecture

The task targets a new architectural concept based on a standardised framework and distributed
computing to allow the execution of whichever functions on high performing end devices distributed
along the vehicle, with different safety and integrity levels. Functions will be plugged in the
framework and run isolated from each other with the aim at avoiding complete TCMS re-
commissioning after any application change. Based on the technology used, it will be guaranteed that



Shift2Rail MULTI-ANNUAL ACTION PLAN - Part 3 %

safety (e.g. brakes) and non-safety (e.g. CCTV) relevant functions are feedback free and separated
from each other.

The concept behind the functional distribution architecture is equivalent to AUTOSAR/MICROSAR in
the car industry or ARINC 654 standard in aviation.

Members will participate in the specification (use case definition, functional, technical, performance
and RAMS requirements) and in the definition of the architecture, its layers and interfaces. Definition
of application profiles of interoperability related functions (for standardisation) will be done also
together. An analysis of the possible impact of the new architecture on ATP/ETCS applications in
terms of new hazards and modifications is expected to be performed. This collaboration will reach
TRL2/3.

The middleware needed to support the functional distribution architecture will be developed or
adapted (if exists) by the members. Existing applications will be adapted to the new architecture and
existing functions (incl. HMI, alarm loggers, MCG, DOEM...) will be integrated in distributed CPUs. A
modified TCMS architecture will be designed, implemented and tested in the laboratory before its
deployment on the metro ITD (TRL6/7). It may be needed to subcontract some minor activities
related to software development.

Members will define the application profile for traction, static inverter, door and HVAC. The
implementation of SW related to these functions on the framework will be done. It will also develop
and validate on test bench with control electronics implementing the functional distribution
architecture with real railway main functions using the defined application profiles.

Another member will develop the middleware needed to support the functional distribution
architecture and integrate existing functions in distributed CPUs. It will design and implement the
simplified TCMS architecture by using the Functional Distribution Framework. Then unitary test in
laboratory is expected: The new architecture, oriented to the regional rail use case, will be deployed
(TRL5/6) for assessment and demonstration.

Also develop technical solutions to support the functional distribution architecture (e.g. CCTV) as well
as for the demonstration of the T2G functionality (e.g. CCTV or PIS in a regional ITD).

Based on the above described development activities tests of interoperability the industrial members
will be carry out in the laboratory, being the tests monitored by the members

Derived from the functional distribution architecture and the application profiles the functional open
coupling (FOC) concept can be developed in a second phase. This concepts abstracts coupled train
functions allowing to couple consists of different series, implementing different functions or software
versions. In that sense, Members are expected to carry out the requirement analysis and define the
system architecture of the FOC. This activity will reach TRL1/2. With the support of Open Calls and
the train manufacturers, the FOC will be then further developed up to TRL6/7 in the regional
segment.

In addition, in this task members will explore the feasibility of defining standardised hardware
(including its physical interface) where the functional distribution architecture framework would run.
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To be covered through Open Calls: They should include research on distributed computing and, in
particular, on the feasibility of applying MICROSAR (safety AUTOSAR) or ARINC 653 architectures and
middleware to railways. Thus, the calls should target experts from the car and aviation industry,
mainly the suppliers of such frameworks. In a second round of Open Calls the focus should be on the
Functional Open Coupling to support its design and development on top of the functional
distribution architecture and the application profiles.

T1.2.4 — Virtual Placing on the Market

The goal is to develop a simulation framework in which all subsystems of the train can be simulated,
allowing remote and distributed testing including hardware in-the-loop through heterogeneous
communication networks. The simulation platform is completed by a toolbox to support the design,
deployment, monitoring and testing of the next generation TCMS.

As a preliminary activity the conformance testing of the new technologies will be developed. These
include, amongst other, the new ECN/ETB and their wireless versions, the framework supporting the
functional distribution architecture and its pluggable functions or the FOC.

Members will define together the virtual certification principles (incl. train coupling) and its process
with NoBos. They will collaborate in specifying functional, performance, RAM and safety
requirements and in defining the simulation platform architecture and interfaces.

Members will implement and test the simulation framework, and then carry out together
interoperability test of their developed simulators. The virtual communication simulator will be
completed with a train electromechanical simulator (e.g. electric inputs and outputs, electric circuits,
relays and train lines, train dynamics...) in order to obtain a fully virtualised train. In addition,
members will develop the toolbox, the software tool set needed to configure, programme, monitor,
analyse and diagnose, locally or remotely this new generation of TCMS.

Another member will analyse the possibilities to adapt/convert existing simulation tools to be part of
this simulation framework:

1. Survey of existing tools/simulators

2. Analysis of architectures — e.g. port tools to common test-bench, provide remote-access to tools
over internet

Members will develop specific simulations and simulators, and then carry out together
interoperability tests.

Finally validation methods needed to support the virtual certification with the acceptance of notified
bodies are expected to be developed

To be covered through Open Calls: Additional research contribution will be required on internet &
LAN technologies (including tunneling, security, remote execution...), on simulation techniques for
ECN, and on certification processes. It is also necessary that part of the work will to come from
subsystem suppliers (brakes, doors, HVAC...) to support the specification, design, implementation
and testing of the simulation framework, from software companies supporting the GUI/Front-End
and from notified bodies.
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Additional support: It is requested the participation of the European Railway Agency in this activity as
advisory body, in order to guarantee that the outcomes are applicable and could be regulated.

T1.2.5 — Integration, Demonstration and Assessment

Integration

Two ITD are foreseen for the TCMS: One regional ITD involving different members in order to check
interoperability, and one metro ITD to test innovations under the most severe conditions (e.g.
multiple radio signals, tight tunnels).

The new TCMS will be deployed for full scale demonstration on a metro vehicle, incl. wireless
features (Intra-consist, T2G, and T2T), SIL4 capability, and new functional architecture. This means
engineering, manufacturing and the replacement of the existing TCMS by the new one and setting
back the train to its original configuration after the testing time (incl. commissioning.). Integration of
innovations from other TD (e.g. bogie monitoring & traction) in the TCMS of metro vehicle will be
done here. Part of the budget will be dedicated to purchase materials and equipment needed to
integrate the innovations.

Two wireless communication networks will be deployed on two regional consists by different
members in order to allow for additional interoperability tests when coupled together:

Also technical solutions to demonstrate the T2G on a regional ITD will be developed

Members will provide a regional consist each for the integration of the new TCMS components. The
other regional consist may be provided by other train operating company outside the JU membership
if necessary

Demo and assessment

This task is aimed at obtaining performance data from ITDs and to its subsequent analysis, leading to
conclusions on the actual benefits and improvements achieved. It will be assessed if the results fulfil
the requirements specified in T1.2.0, so when possible each requirement will be tested.

Members will prepare together a common test procedure and reporting templates for easier
assessment of results.

Members will set up the TCMS for the metro ITD, and to deploy tools and equipment to carry out
test. Needed devices (e.g. radio analysers) will be rented. Tests will be performed, results will be
assessed and reports prepared. Operational costs of the metro vehicle during the tests and demo
and the two authorisation processes (after the integration and once back to the original state after
the demo) will be covered by the member. In that sense, no additional support will be necessary in
this metro ITD.

Members will be in charge of the review of the performance data and conclusions.

Members working in the Regional ITD are expected to carry out the assessment of demonstrators
including the test programmes and reports for the own solutions. At least one member will support
the regional ITD by facilitating the tests of their modified consist (e.g. drivers, maintenance...). They
are also expected to take part in the assessment of the results.
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Figure 13: Regional ITD
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1.5.2.6. Planning and budget:
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1.2.6 Technical coordination

Where:
e Inred: Roll2Rail
e Orange dotted line: First milestone. Specification and detailed architectures finalised. TRL2/3.

e Green dotted line: Second milestone. Technologies implemented and validated in laboratory or
small real scenarios. TRL 4/5.

The estimated total budget for TCMS TD is around 48.8 M€.
1.5.3. TD1.3 Carbody Shell Demonstrator
1.5.3.1. Concept and objectives of the Carbody Shell Demonstrator

The function of a carbody is to be the transport passenger container and also the physical link of all
the elements of the vehicle.

Historically, passenger coaches were formed by a frame normally made of steel, which received the
loads coming from the track and the other coaches, and by a cover, which had incorporated the
doors, windows and gangways.
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Progressive improvements were made and self-supporting steel and aluminium carbodies were
created in order to reduce mass and improve crashworthiness. Regarding this issue, further
developments were made in order to increase safety, as the incorporation of the anti-climbers and
also the division into deformable and non-deformable areas. In addition standardisation of solutions
and subassemblies has been introduced to become more cost effective.

Recent years have seen the progressive incorporation of non-metallic parts in the carbodies, such as
in front cabs, rear ends, fairings, floors (floating or fixed) and under-frame coverings. All those parts
are made of composite materials, which may include metallic parts but in lower proportion than in
the past.

All the new composite parts are linked to the primary structure, but they do not receive loads
directly from the running gear or the neighbour vehicles (exception e.g. intermediate floors in double
deck vehicles).

The stresses to which carbodies are subjected are of various types:

e The stresses due to longitudinal, vertical and extraordinary forces caused by the normal
movement of trains.

e Also, there are the stresses of vibration of the carbody itself, which occur by the effect of its mass
and dynamic loads from the track and its effect on fatigue.

e Finally, stresses due to accidental collisions related with passive safety.

Furthermore, in case of high speed trains, there are also overpressure in the crossings with other
trains particularly in tunnels, and stresses caused by lateral winds.

In the Aeronautical industry there has been an increase in the use of non-metallic materials for
structural components. There has also been a corresponding increase in the knowledge of composite
material behaviour and the fulfilment of all issues in relation to composite materials regarding safety.

Therefore, it seems logical that such developments could be made in the rail industry, and this
project specifically focusses on the primary structure of the carbody.

The main innovation of this technology demonstrator is the use of composite materials in a hybrid
carbody, where the technical and commercial issues will be investigated. The current performance of
the metallic primary structures in terms of safety, durability and maintainability will also be achieved
with the technologies developed and evaluated with this demonstrator.

The carbody will be designed with highly integrated structural components. However, the
components have to be joined to each other. The main focus of the project is given to fiber
reinforced plastics (i.e. polymeric / plastic matrix which is reinforced with fibres). Adhesive bonding
in combination with riveting or other techniques will be able to join FRP as well as different materials
to each other. The qualification requirements for these joints have to be developed with respect to
existing standards, such as EN 12663 and EN 15227. These standards describe the load cases, the
procedure of verification and the crash requirements but do not include any detailed description of
the procedure which is required for joining of primary FRP and hybrid structures. Therefore, the
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development and verification of a method to approve appropriate joining technologies will be crucial
for introducing new carbody structures into the market.

The major challenges that have been identified are:

e Cost.

e Manufacturability.

e Maintainability.

e Reparability.

e Composite-metal and composite-composite joining technologies.
e Integration

o Fire protection

e Mechanical behaviour (strength, structural dynamics)
e Acoustic behaviour

e Assessment and authorisation

For the project success, the knowledge transfer regarding the composite materials from the
aeronautic, automotive, wind energy industry or research institutes is important. However, it is
important to note that the types of load and their intensity applied to the structure, the operating
environment, and the safety cases are very different in the different industries. For example what is
an intolerable risk in an aircraft could be tolerable in rail vehicle carbody and vice versa.

The main objective of this technology demonstrator is to achieve between 15% and 30% weight
reduction for the primary structures, while maintaining the cost (or reaching a competitive cost level)
and meeting the performance of current metallic carbodies by incorporating composite materials
into a hybrid structure.

The integration of functions of other train subsystems will help to achieve these objectives and
contribute to the overall reduction of energy consumption of the rolling stock.

Technological output to be delivered by this TD:

New generation carbodies made by hybrid materials (mainly composite) in the primary structure.
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Specific achievements to be delivered by this TD:

e Between 15 and 30% weight reduction.
e Energy savings in operation, resulting from the weight reduction.
e Improvement of maintainability, coming from new concepts.

e Introduction of a specific health monitoring

The following table summarizes the objectives and related deliverables of this TD according to the
S2R Master Plan:

Table 5: Objectives and Practical contribution of the TD

S’R Objectives TD Objectives Practical contribution (how)

Increase of the space available for passengers on the train,
due to function integration (e.g. insulation)

Improved services

. Enhanced capacit
and customer quality pacity

Possibility of integrating function in the parts made of new
materials. Additional flexibility by joining sub-structures

Reduction of made of different materials.

Reduced system costs | manufacturing and

. Energy consumption reduction due to reduced weight
operating costs

Infrastructure maintenance cost reduction due to reduced
impact from Rolling Stock (because of reduced weight)

Propose Development of common specifications for future composite
Simplified business standardisation and material based architectures. Demonstration that
processes certification recommendation for standards currently being investigated
approaches in FP7 (REFRESCO Project) are applicable.

1.5.3.2. Technical ambition of the Carbody Shell Demonstrator

Over time different materials have been used for the primary structures of rail vehicles. Original
vehicles were manufactured with a structural underframe and superficial body, but advances in
materials and design led to completely welded steel carbodies which considerably improved safety.

Aluminium carbodies, were later developed, firstly single-walled and then double-walled extrusions,
in order to improve stiffness and also avoid extra reinforcements.

Progress has also been made in steel carbodies, with continuous reductions in steel sheet thicknesses
and smarter designs.

Therefore non-supporting, partially supporting and self-supporting superstructures have been
developed.

Composite parts have started to be used in secondary structures such as driver cabs, rear ends,
fairings, floors and underframe structures, however there is little use in primary structures.
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The current state-of-the-art includes the latter and the inclusion of different assembly methods apart
from welding, as riveting and bolting, to reduce costs and manufacturing time.

Although steel and aluminium cope well with the loads applied and also with the carbody functions,
weight reductions can be made by using other materials apart from metals. This has been proved in
the aeronautic industry, where composites are increasingly being used in structural parts after having
passed all tests regarding safety.

Also manufacturing processes of composite materials have evolved from completely manual
manufacturing to more automatic processes. New processes allow more repeatability and thus more
control on quality.

In conclusion lighter carbodies could be made with industrial processes, provided that adequate joint
methods are used and there is compliance with rail safety standards.

The following table summarizes how this TD will progress the state-of-the-art and overcome today’s
limitations and difficulties:

State-of-the-art

New Generation Carbody Shell

Full steel carbodies, made of thin steel sheets, cast
parts, extrusions or formed sheets. No proportionality
between density and strength of base material.

New carbodies with reduced weight

Full aluminium carbodies, made of extrusions, sheets,

and/or reinforcements. More effective in

A loss of interior space due to the necessity of having
high inertias in the aluminium.

manufacturing but with similar final weights than steel.

New carbodies with important reductions of weight
that also have the possibility of having a high
percentage of the insulating material in its interior.

Primary structure of steel and aluminium carbodies as
mentioned above, where metal or composite
secondary structures are joined. The design of those
joints supposes important reinforcements in some
cases.

As composite materials are created in the
manufacturing process, possibility of more
integrated and less reinforced structures.

State of the art in metallic carbody manufacturing

The carbody of a rail vehicle is composed of a bearing structure, the doors, the windows, the interior
with the seats, the coating, the comfort equipment (lights, air circulation, etc.)

Most of the structural components of the vehicle are based on metallic materials. Over time,
aluminium has reached a balanced use compared with steel and is in use in metros, regional and high
speed trains in more or less the same ratio than steel.
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Figure 15: Typical aluminium extruded carbody

The carbody structures are currently highly optimised regarding weight per axle. The vehicles are
mainly made of welded aluminium profiles, but also include metallic sheets and panels welded to
each other.

As an example, the carbody roof is composed of four panels welded together, with additional
horizontal stiffeners welded to them creating a transversal stiffening frame. This results in the
manufacturing process of the roof requiring a lot of resources, positioning tools, welding, storing
space and manipulating of the different components and subcomponents.

The process is the same for the walls and the under frame. The assembling of the under frame, the
side walls and the roof takes place in a positioning and welding station.

State of the art in carbody welding technology / railway vehicle structures

We have seen earlier that the train carbody (underframe, side walls and roof) are made of metallic
panel welded one to the other. The welding process forms an important part of the railway industry
production lines. Based on this, a number of between 20% and 30% of the staff consists of
specialized and certified welders.

Welding is a mandatory process to be used in the railway sector, as much in the process of
components for the traction system, as in structural parts for the process of the vehicle carbodies.
The present trend is to avoid, as much as possible, manual welding in order to reduce production
costs, increase consistency, productivity and quality in general.

Some welding technology, like laser, electron beams or FSW (Friction Stir Welding) can only be
performed on automatic bases, but others as MIG/MAG, TIG or plasma, admit automatic and
semiautomatic methods. The following table shows the main differences between manual and
automatic welding:
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Table 6: Main differences between manual and automatic welding

MANUAL OT SEMIAUTOMATIC WELDING AUTOMATIC WELDING

e Qualified operators only in the programmeming

e Qualified operators and tryout stages

e High formation costs .
g e Low manufacturing costs
e Low consistency

e High flexibility

e High consistency and productivity
e High adaptability: reprogrammeming and tryout
e “In process” quality control: visual inspection, required

acoustic, etc. High response speed ..
’ 8 P P o Need for supervision systems

The following two technologies are used in the welding processes for train carbodies:

e Automatic welding for the longest straight welding joints in the longitudinal seams of the
vehicle.

o Manual welding for the short interior welding joints where automation is difficult to realize.

In addition to welding technology, there are other joining techniques which are not as widely used as
welding:

e Mechanical fittings: Screws, rivets, clinching and hemming operations, etc. Rivets and screws
have been used in the manufacturing of the first vehicles where welded joints are being
replaced. This solution is not widely used today because of the weight increase from such fittings
and the improvement in quality and reliability of existing welding techniques.

e Adhesive joining: Although structural adhesives present improved resistant properties, their use
in railway vehicle manufacturing is still not considered for joining of metallic materials. This is
because currently joints designed according to the implemented state of rail technology cannot
compete with welded joints as they are industrially designed and manufactured in terms of
mechanical resistance (traction, torsion, fatigue, etc.) and long-term behaviour (deterioration).

State of the art in carbody structures made of composite materials

The weight per seat for passengers trains goes from 400kg per seat to 800kg. However some high
speed trains, such as the German ICE 2, can reach up to 1100kg per seat. The benchmark in
lightweight material is established for the Japanese high speed train, “Shinkansen”, (537kg per seat
although there are there are differences in the load specification), and the commuter train
“Suburban” of Copenhagen (360 kg per seat).

There are different potential weight reduction strategies for the railway vehicles:

e Lightening based on alternatives concepts and solutions to find the optimum solution of the
whole vehicle (components and systems). Examples would be the mechatronic based suspension
technology and articulated trains.

e Lightening based on material changes on components and subcomponents of the train without
modifying the overall main design of the train.
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e Lightening based on optimised requirements based on current interpretation of existing
standards.

In the case of material changes, the use of composite material would offer a great lightening
potential because of the relation between strength and density. The present study focuses on that
field.

In rolling stock a limitation in the axle of load exists. Taking into account that the introduction of
more passengers and even new equipment (auxiliary energy storage) supposed an added weight to
the structure of the train, the structure should be lightened. The structure of carbody, i.e. walls, roof,
underframe, and structural beams, suppose around 25% of total weight of a vehicle.

Indirectly, a reduction weight of carbody results in:

e Reduced energy consumption and consequently reduction of greenhouse gas emission.
e In combination with other measures reduction of external noise and ground vibrations
e Reduction of the deterioration of the rolling stock

Within this general context, the weight reduction is approached as an introduction of composite
structure carbody, but nevertheless composite has other notable advantages such as:

e Versatile design. More freedom to implement complex designs in comparison with the
conventional materials

o Integration of components / single part function, structure or module. Solution based on
composite material allows complex manufacturing structures and therefore high potential
for integration of functions and elements. All this translates into obvious advantages, since it
usually represents a saving in manufacturing processes of different components, joints and
assembly thereof, manufacturing tooling, and logistics.

o Reduction of complex manufacture / assembly, reducing the potential number of pieces /
integration capabilities that technology offers

o Simplification of final assembly. Decreasing use of fasteners and welding results in short
assembly times

e Improvement of fatigue behavior in some areas, in particular in high loaded areas where
welding e.g. creates residual stresses.

Composite material application in trains

In the terrestrial transport area, composite material including sandwich structures can be found in
buses and trains, for instance used for lateral walls or interior panel. This type of material is currently
and regularly used in three specific cases:

o The front ends of trains and locomotives, are often manufactured from composite material since
the 80’s because this material has simplified the manufacturing of this assemblies. They often
contain free form surfaces which are difficult or expensive to be manufactured from
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conventional material. The part made of composite material of the front walls doesn’t have a
structural function; metallic elements are introduced for that purpose. Examples of that
technology would be the locomotives XPT in Australia, the locomotive ETR500 in lItalia, the
French TGV or the Swiss locomotive 2000°.

Figure 16: The Cab Front made with sandwich material and manufactured by infusion

e Examples of lateral panels made of glass fibre epoxy resin laminates can be found in such trains
as the Swedish train Regina, the Italian Munico or the Swiss train Neitec of Schindler®.

Figure 17: Top panel of Regina Train from Sweden

e Interior components, such as cladding panels and seats.

® Multiscale approach for the design of composite sandwich structures for train application - A. Zinno *, E. Fusco, A. Prota,
G. Manfredi

4 Light-Weighting Methodology in Rail Vehicle Design through Introduction of Load Carrying Sandwich Panels -

Licentiate Thesis -David Wennberg - Centre for Eco2 Vehicle Design -Department of Aeronautical and Vehicle Engineering
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Figure 18: Seat manufacturing by RTM by Ashland Composite

Other than the previous applications, the use of composite materials including sandwich structures
has been limited. However, in the last years prototypes have been developed for structural
applications like bearing structures, lateral walls and even complete cabins.

In most cases, the technical feasibility of producing the prototypes has been proven but the
introduction in the market has been limited by factors such as the associated cost of the solution, the
necessary investment and the lack of an existing validation process with specific criteria.

The existing lack of confidence towards composite materials for structural application comes from
a void in legislation that currently does not set up the requirements, conformity assessment
procedures and criteria for acceptance. This is precisely one of the reasons that justify the need for
investigation on the use of composite materials and composite material design and construction
for structural applications in the railway sector.

Composite materials in aircraft structure

The most relevant sector in application of composite materials is aircraft industry. It seems
appropriate to review some examples of composite materials introduced in aircraft structures.

Currently, composite and aluminium materials are mostly used in the structure. The introduction of
composite materials in civil aviation started in the 1970s, though initially with little impact on the
percentage of total weight of the aircraft structure.

However, the use has gradually increased with the Boeing B787 currently being approximately 50%
of the structural weight.

The Airbus A350XWB has reached 52% of composite material in the structure. These values are
perhaps more indicative when there are expressed in terms of volume (Approximately, 80% of
composite structure by volume in B-787)
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Figure 19: Developments in the use of composite materials in civil aviation
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This increase in the use of these materials has been motivated mainly by offering excellent properties

such as high strength and specific stiffness, corrosion resistance and high energy absorption capacity

and impact resistance.

Furthermore, considerable efforts in R&D investments carried out by aviation industry in composite

materials.

Material selection has a direct influence in costs operation: high influence of aircraft cost (material
and process cost), high influence of fuel consumption (more lightweight) and maintenance cost

(inspection and repairs).

Figure 20: Breakdown of direct operating costs for a typical commercial aircraft (Source: Airbus)
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> “Worries about new composite made airplane”, http://www.1001crash.com/index-page-composite-lg-2.html
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The use of composite in place of metallic materials in structures approaches requires different
consideration for design and service, damage tolerance and new repairs philosophy.

However, in material selection stages and definition of a new aircraft design, it is also need to
consider the security aspects, despite other various factors such as cost.

Therefore, to implement any new material system in this sector, is a hard work due to extensive
qualification requirements. These security requirements also have been required to adopt an
approach of progressive introduction of composites in structural applications and get confidence and
experience in technologies manufacturing and behaviour of these materials in operation for the long-
term.

Figure 21: Distribution of material weight in the Airbus A350 X\WB
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Due to an increased confidence in the use of composite materials, developments have been
addressing parts of greater responsibility. This percentage has increased significantly in the
A350XWB, where 52% of the structure, including the fuselage and wing, being made in composite
material. The use of these materials may be more widespread if possible, in certain programmes of
other sectors of civil aviation, as are the Executive and General Aviation, especially VLI (high
projection USA).

It has been demonstrated that with composite structural applications it is possible to reach weight
reductions around 15-20% if these are compared with aluminium structures. However, in some
cases, the use of composites has meant a cost increased in manufacture process, so it is necessary to
optimize the composite technology.

State of the art about preliminary projects on composite materials

Experience from other industry sectors has shown that the validation criteria that are being used to
assess different materials have been made possible by the parallel development of common
frameworks and projects.

An aviation safety agency (EASA and FAA) has been issuing product certificates since September 2008
on the basis of Commission Regulation (EC) No. 1702/2003. These agencies are also promoting
research programmes and collaborations with manufacturers and Standards Organisations with the
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main purpose of addressing industry demand through the generation and continuous revision of
certification methodologies.

In 2005, Talgo submitted in Helsinki the prototype double-decker train TALGO 22. The structure of
this prototype was made with composite materials.

Figure 22: TALGO 22 Structure prototype

Figure 23: Cab structure with lightweight materials for Newcastle Train

Recent research through the DE-LIGHT project (EU FP6) has proven the feasibility of using lightweight
materials in a structural capacity for rail vehicles. http://www.delight-trans.net/

The composite driver’s cab developed through that project demonstrated that a lightweight cab can
be developed which meet the structural and crashworthy requirements of the EN standards, whilst
having the potential to realize weight savings and cost savings. Technology Demonstration of
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Carbody shell will build upon this knowledge by extending the scope from individual components
(such as the cab) to the entire carbody.

By taking advantage of developments in other sectors and using information from REFRESCO project,
TD1.3 Carbody will propose procedures for the assessment of vehicles with structural composite
materials in order to accelerate the introduction of new lightweight materials in new vehicles in
railway sector.

1.5.3.3. Specific Demonstration activities and contribution to ITDs/SPDs

The following table summarises the contribution of TD1.3 Carbodyshell to the overall S2R
programme.

Table 7: Contribution of TD1.3 Carbodyshell to the overall S2R programme

Specific e Demonstrator
Rsearch Specification

Techn. Focus of activity

Area ivities?
objective ACtivitiess Market  TRL

Demonstrate composite/ hybrid lightweight

_ Tech.n_ical. Metro 4 bodyshell concept, material & joining technologies
Carbody Composnte/ spemflcajclon and manufacturing process
hell hybrid of materials - — -
she carbodyshell | and High 4/ Demonstrate composite/hybrid lightweight
manufact. Speed - bodyshell concept, material & joining technologies

and manufacturing process

1.5.3.4. Impact of the Carbodyshell Demonstrator

The most significant quantitative benefits to be obtained in relation to the objectives listed in the
previous sections are:

e  Weight reduction for the carbody:
o with effects on energy consumption of the whole train
o to enable higher degree of equipment to improve comfort and function
o to allow alternative vehicle concepts

e Improvements in manufacturing technologies, pushed by the need to compensate partly higher
costs for material or staff

e Reduction of the time to market
e More attractive products
o Development of new skills in the Railway Industry

e Side effects for suppliers and research institutes
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Those specific benefits will have a major impact in the Shift2Rail system-level KPIs highlighted in the
Master Plan:

1. Reduction of energy consumption (equivalent to the weight reduction of the whole vehicle) by
the different light weight strategies.

2. Reduction of life-cycle costs: Simplification of maintenance with more modular structures and
function integration and reduction in energy consumption due to overall weight reduction.
Reduction of production costs by selecting the most suitable manufacturing technology and
material depending on the individual product design (loads, quantities, application)

3. Increase of capacity (potentially up to 10%): increase of the number of passengers/ meter of
train length, derived from better use of space while meeting the axle load regulation/TSIs.

All the principal elements required for rapid market uptake after the work within Shift2Rail have
been taken into account in this proposal. These are:

1. Demonstration of technologies to high TRL to give credibility and clearly show benefits.
2. Basic common design principles based on common materials and manufacturing processes.

3. Orderly development strongly supported in brand-new and existing standards which will increase
the confidence of future clients and will lead to better acceptance of the rupture technology,
thus facilitating the rapid deployment in the technology.

The existence of technical standards and manufacturing processes available will facilitate the
development of modular solutions and families of components by providers of components and
subassemblies, which will help reduce and stabilize costs in a relatively short period of time.

Results coming from the on-going FP7 REFRESCO project®, where gaps in the existing normative
framework will be identified and approaches for new standards will be presented, and will be used
throughout the project and will have further studies. This TD will serve to put into practice the
applicability of those new or modified standards, thus contributing to evolution of the TSI’s and
national rules that will allow the use of those new materials in structural parts of carbody.

The findings of the TD Carbodyshell can have impact on the TD1.6 (Doors, Sheets) and TD1.7
(Interiors) and the results may serve as inputs to the CCA “Energy”.

Usual interfaces to the carbody are represented in Figure 24.

6 http://www.refresco-project.eu/
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Figure 24: Usual interfaces to the carbody shell
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1.5.3.5. Implementation of the work programme

A clear methodology has been devised for the organisation of the technical work in the project, in
order to maximize the probability that the desired final objectives are met. This is represented in

Figure 25.

Figure 25: Outline of Technical Task
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The first task to be carried out will be the creation of the carbody general specifications based in the
applicable standards, and also on the results of the Roll2Rail call off in which this topic will already be
prepared.

In a second phase a deep study of the carbodies will be done, considering aspects as material
alternatives, manufacturing alternatives and material characterisation.

Once the necessities of carbodies for Metro and High Speed segments have been understood, it will
start the design phase where conceptual design, structural and non-structural assessment and mass
analysis will be performed.

A parallel-in-time behaviour research task will deal with subjects like risk analysis, economic
feasibility, reparability, maintainability and sustainability.

After this the manufacturing task will start, which include manufacturing of the demonstrators itself,
as well as additional development tasks.

The carbodies will need to be validated against structural strength, fire safety, fatigue, electric and
electromagnetic compatibility and passive safety.

Finally, documents about the assessment of composite carbodies will be presented and discussed
with potential standardisation and regulatory bodies.

In parallel, activities regarding noise and vibration harshness and also energy management will be
done. Although belonging to cross-cutting activities, those sub-tasks have been included into the
project schedule.

A group of members will participate in the following tasks of the TD1.3 — Carbodyshell to meet the
desired objectives. They will focus in the development of hybrid composite/metallic structures
probably for the metro segment.

The group is expected to support the high speed investigations to ensure that synergies between
both sectors can be considered.

The group should collaborate with other members, with clearly identified knowledge and
experiences on all issues related to the use of light weight/composite material for structural parts of
vehicles. These members should have:

e Full competency in all rail specific requirements of operation regarding track, vehicle and
passenger needs

e  Full competency in all fields of manufacturing of rail vehicles including carbody
e  Full competency for maintainability and reparability operations
e Full competency for quasi static, fatigue and on track tests

e Competent partner to support the specification and validation of a rail vehicle
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The tasks are expected to be supported by members with competencies and experience from the
aeronautic industry including:

e Characterizing, preliminary and detail designing, manufacturing and assembling composite
components

e Composite materials physic-chemical characterisation. Mechanical testing, integral parts
manufacturing processes development and automation.

e Composite material selection, development of manufacturing process, design of composite parts
and structures, joining technologies, test and characterisation.

“Open Calls” are necessary in order to enrich the scientific knowledge of members and to obtain a
balanced distribution of work.

The following was identified as knowledge gaps which would need to be provided by the Open calls:

1. Material, joint & manufacturing knowledge. Support process/ material selection
2. Manufacturing abilities for materials, tools and assembly
3. Support design solutions

o Software for design, analysis and manufacturing documentation

4. Validation support

o Test for material properties
o Testing of joints
o Knowledge in prognostic and safety monitoring

The open calls will also beneficial to reach a good spread of competencies over the European
Industry and a good distribution of the available budget between Metro and High speed
demonstrators.

In the following the different intended subtasks are clarified:

T1.3.1 — General specification

The objective of this task is to create the main technical specifications of the project, taking into
account current standards and the results available from the FP7 REFRESCO project. With respect to
a joining technology for primary carbody structures, one of the main objective of this task is the
development of a concept for their assessment concept on the basis of adhesive bonding (bolting if
necessary) for a metro/ high speed demonstrator.

Members will collaborate in this task, as well as partners from Open Calls with specific knowledge in
new materials and joining technologies.
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T1.3.2 — Carbody study

The main objective of this task is the selection of the material and manufacturing process to be used
based on a global study of available composite materials carbody and manufacturing process

This task is divided into three parts:

1. Material alternatives analysis. Study of the available state of the art, benchmarking study and the
identification of standard gaps in composite and hybrid materials structures.

2. Manufacturing alternatives analysis (RTM, Prepreg, hand and automated layout etc). In addition
to study the best alternative to develop the structure, the joint elements in this task is critical, so
require an intensive study to find the best way to deal with it.

3. Selection of material to be used and characterisation of it.

Members will collaborate in this task, distributing among them the different cases for study.

Some members will focus on material behaviour incl. tests, material alternatives and acoustic
behaviour.

Manufacturing and material alternatives will be analysed collaborative and equal distributed. Tests
are expected to be supported by an experienced member and test institutes from Open Calls.

T1.3.3 — Design

The main objective of this task is the design of the TRL 4 demonstrator by a split between all
members (hybrid solutions, joints, materials, surface treatments etc.).

This design will be carry out assuring the fulfilment of the structural and non-structural requirements
that are included in the current regulatory frame as well as those that had been identified in the
carbody study stage.

The design will be completed with a weight analysis that will be used to establish the weight
reduction a general tendency for the development of weight reduction will be derived.

Cross cutting activities e.g. for EMC are to be considered.

Included is also work to assure weight reduction is not having an adverse effect on noise and
vibration transmission for carbody. This implies definition of acoustical design targets for the carbody
as well as optimisation work to get an optimised setting of the acoustical behaviour on various parts
of the carbody. It is necessary to assure that acoustical constraints are not leading to more weight
than necessary. Activities form both members and open calls will be required for the above task on
acoustic design.

Members will collaborate in this task on the different cases for study.
The basis in this task is to learn how to design with composite material.

The use of specific software and training for this software will be needed.



Shift2Rail MULTI-ANNUAL ACTION PLAN - Part 3 m

Therefore an experienced member and Open Calls in addition are needed to support the design
activities.

Members will design structural light weight components. The needed interface information to enable
others to use the components in the project will be provided.

T1.3.4 — Behaviour research

The aim of this task is to develop the following tasks:
e Failure mode and effects and criticality analysis
e Fire & smoke

e (ballast) impact

e Failure detectability

e Economic feasibility

e Reparability and Maintainability study

e Sustainability

e  Weight reduction analysis

e Quality assurance

Members will collaborate in this task. Open Calls for the scientific background are required.

T1.3.5 — Manufacturing

Composite structures are manufactured using a wide variety of manufacturing process. The ideal
processing route for a particular structure will depend on the chosen fibre/ matrix or sandwich type,
processing volume, quality required, and the form of the component etc. In this phase, all these
issues should be addressed right from the beginning of the development cycle for a structure.

Members will collaborate in this task with an orientation to the metro and high speed segments and
different cases for study.

Open Calls are required for the scientific background.

The members will manufacture specific structural light weight components, designed in T1.3.3 and a
high speed demonstrator with due consideration to the experience from the aeronautic applications.

T1.3.6 — Validation test

TSlIs specify the requirements and tests to carry out for rolling stock validation and authorisation.
Members will collaborate in this task, distributing among them the different cases for study:

Some members will test the demonstrator in the lab, designed in T1.3.3 and manufactured in T1.3.5,
up to TRL4
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Members will realize a demonstrator on TRL7 for High speed application

1.5.3.6. Planning and budget:

TRL 2016 2017 2018 2019 2020 2021 2022

TD1.3 CARBODYSHELL
1.3.1 General specification
1.3.2 Carbody study
1.3.3 Design

1.3.4 Behaviour research

1.3.5 Manufacturing
1.3.6 Validation test
1.3.7 Final report - E':

The estimated total budget for Carbodyshell TD is around 26,7 M€.

A W W N DNNN

1.5.4. TD1.4 Running Gear Demonstrator
1.5.4.1. Concept and objectives of the Running Gear Demonstrator

Bogie systems deliver a compromise of safety, reliability, comfort and performance. The scope for
improvements in performance and reduction in wear using conventional systems is small without
compromising safety and comfort. The next generation of bogie solution needs to deliver reduced
infrastructure / wheel wear and damage, whilst providing higher reliability and availability, with
lower maintenance costs. This challenge is made greater by the need for increased high speed
stability, excellent curving performance, improved comfort and optimised systems for both air borne
and structure borne noise. Train operators are also increasingly focusing on reducing energy usage,
so innovative solutions are needed to reduce energy loss through rolling resistance as well as
aerodynamic drag, and reduced vehicle and bogie mass. All these requirements have to be met
without compromising safety. The solutions will also provide enablers for far reaching technology
steps in the long term future and this will be considered from the specifications stage.

The work to be developed in this Technology Demonstrator includes:
e New sensoring architectures and functionality to monitor both bogie and track.
e Light weight and optimised materials validated and certified for the bogie environment.

o The definition and validation of actuator technology to control bogies and wheelsets. The
development of a new noise and vibration assessment methodology.

As the objective is to develop a broad technology base, dynamic field tests and demonstrators will be
applied in both mainline and mass transit applications to prove service maturity.

The output from this demonstrator will improve System Capacity by allowing higher operating
speeds in curves and through accommodating a higher payload as a result of lower mass running
gear. Reduced generation of noise can result in more trains being certified to travel on a given
network, further increasing capacity. Reduced forces imposed on the track through improved curving
with mechatronic devices and lower mass bogies will reduce track maintenance requirements,



Shift2Rail MULTI-ANNUAL ACTION PLAN - Part 3 “

increasing the availability and capacity of the network. Furthermore, the improved ride and curving
performance will lead to higher reliability/availability of the vehicles and significant savings in
wheelset maintenance and longer life, and to lower energy consumption, thus providing a Lifecycle
cost (LCC) benefit for the operator. Energy consumption is further reduced due to lower mass of
running gear. Attractiveness is also improved as the Mechatronic bogie concept (MTB) provides a
higher ride quality and less potential for exterior and interior noise.

The approach will begin with a thorough review of the specifications of running gear of the future. In
the second phase, technologies will be individually developed covering the whole development
process from basic research, lower level specifications, technology development, prototypes and
laboratory tests, confirming their performance and gaining a more comprehensive understanding of
these technologies. Next, specifications and architectures at a whole system level will be re-assessed
and the most adequate solutions for the different types of service and operation conditions will be
proposed. The final tasks are twofold:

1. A number of different running gear solutions, including those implying different vehicle
architecture, bringing clear contributions to the Shift2Rail global Key Performance Indicators
(KPIs) will be demonstrated using Demonstrators.

2. Technical standards based on the technologies proposed will be developed in order to promote
future deployment.

A business case / cost model approach will be taken throughout the project to focus on the viable
target applications.

In 2010, UIC analysed the future needs for high speed rolling stock, providing recommendations for
the running gear’. Below are key extracts from this document that could be considered as input for
the pre-requirement work:

1. Active suspension (full active suspension or semi active suspension) is increasingly being
introduced to control secondary suspension, mainly to reduce lateral vibration but which may
also help to reduce vertical vibration.

2. Materials and structure design for passenger cars should aim to dampen or cut noise emanating
from the floor, windows, walls, ceiling and eliminate sources of noise generally.

3. A large number of sensors can be placed on the bogie to measure status parameters such as
temperature, vibration acceleration, structural safety, and so on. Radio communication can be
used instead of wiring to make placement of sensors easier and improve reliability.

4. Axle load should be minimised to reduce infrastructure maintenance work unless this conflicts
with safety and operational needs like anti-collision structure, signalling, and so on. Since bogies
are by definition very heavy, simplifying their structure can be an effective way to reduce overall
weight. Generally, non-articulated and EMU type structures have lower maximum axle loads.
Weight reduction also has a positive effect on energy consumption.

5. Rolling noise reduced through measures applied at wheel/rail interaction level. Parts and
components should be designed to limit structural noise as much as possible., for example by

7 Report, Necessities for future high speed rolling stock, UIC High Speed January 2010
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rubber-metal interfaces for minimal noise and vibration transmission, wheel shapes emitting
lower noise levels, as well as reduced wheel roughness by improved curving performance.

6. Ground vibration depends on track side conditions, infrastructure, axle distribution in a train set
and axle load. The most effective measure to tackle this in the case of RS is to reduce axle loads.

The recommendations can be condensed to the four main innovations that are envisaged to develop
within the ambit of these initiatives:

e Sensoring Functionality

e Optimised Bogie Materials

e Active Suspension and Bogie Control Technology

e Noise and Vibration Reduction of Running Gear

As Part of the S2R Project, the Running gear part has three main aims:

e Develop a new generation of light weight bogie systems which result in reduced
infrastructure/wheel wear and damage and energy loss, whilst providing higher reliability and
availability with lower maintenance costs.

o Develop lighter running gear based on optimised materials as well as new active suspensions and
bogie control technologies in order to reduce wear, noise and vibration levels.

e Make the “authorisation to put into service” process significantly cheaper, faster and easier to be
applied, in order to promote interoperability over Europe, without reducing the safety level.

Technological output to be delivered by this TD:

A step change in running gear solutions through the development of mechatronic systems,
introduction of improved materials and new sensoring and health monitoring functionality,
supported by mechanisms for easier authorisation.




Shift2Rail MULTI-ANNUAL ACTION PLAN — Part 3 m

Specific achievements to be delivered by this TD

e  Weight reduction, which will contribute to reduce by up to 50% cost, time and effort in
engineering, integration and authorisation phases.

e Reduce the unsprung mass: this will help reduce track damage, wear and vibrations, which will
contribute to reduce by up to 20% system cost

e Reduce wheel & rail wear (especially RCF) through improved (controlled) performance on
straight as well as curved track including wear-resistant materials, which will reduce cost by up to
20%

e Improve ride conditions through the use of active/semi-active suspension systems

e Reduction of bogie associated inspection and maintenance by monitoring which will contribute
by up to 20% in maintenance cost reduction

e Reduction of costs for bogie sensor equipment by 20%

e Standards that support the introduction of advanced materials, sensors and monitoring and
active control systems.

e Recommendation of validated methods required for reduction of running gear noise and
vibration.

e Faster authorisation at lower cost levels

The following table shows how the proposed activity will contribute to the achievement of the S2R
objectives as stated in the S2R Master Plan:

Table 8: Objectives and deliverables of the TD

S2R Objectives TD Objectives Practical contribution (how)
Improved services and Improved passengers comfort as well Prototype tests as well as test
customer quality as increased availability specifications of subsystems.

Test reports regarding rail wheel
contact (RCF) and riding performance,
. advanced algorithms models, SW and
performance of the future running gear . .
. HW prototype, showing most effective
generations. o .
Reduced system costs contributions to improve
Running gear maintenance cost . . .
. Material and specification with
reduction as well as reduced wheel and .
common standards, interfaces and test
track LCC.
procedures, Laboratory system
solution, on system demonstrator

Overall enhanced curving and riding

Reduction of Time and Cost of light

Simplified business . . e R N
P weight material, sensitisation and Standardisation of validation process

processes . -
active control system validation process
Enhanced standardisation of .
. . Introduction of common standards,
Enhanced sensorisation architecture and interfaces and assessment procedures
interoperability interfaces. Standardized HW and SW P !

. lab test results.
communications protocols.
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1.5.4.2. Technical ambition of the Running Gear Systems Demonstrator

Bogie systems deliver a balance between reliability, comfort and performance, whilst ensuring
safety. The scope for improvements in performance and reduction in wear and damage to the vehicle
/ track interface using conventional systems is small without compromising safety and comfort. The
next generation of bogie solution needs to deliver reduced infrastructure / wheel wear and damage,
whilst providing higher reliability and availability, with lower maintenance costs.

The work to be developed in this Technology Demonstrator includes:

e New sensoring and health monitoring architectures and functionality to monitor both bogie and
track.

e Light weight and LCC-optimised materials validated and certified for the bogie environment.
e The definition and validation of actuator technology to control bogies and wheelsets.

e The development of a new noise and vibration assessment methodology.

e To make a breakthrough in performance of the authorisation process.

The approach will begin with a thorough review of the specifications and requirements of running
gear of the future. The results from the Running Gear related activities in the lighthouse project
Roll,Rail will provide guidance for selection of technologies with strongest contribution to the S2R
overall targets. In the second phase technologies will be individually developed covering the whole
development process from basic research, lower level specifications, technology development,
prototypes and laboratory tests, confirming their performance and gaining a more comprehensive
understanding of these technologies. Next, specifications and architectures at a whole system level
will be re-assessed and the most adequate solutions for the different types of service and operation
conditions will be proposed. The final tasks are twofold:

1. A number of different running gear solutions bringing clear contributions to the Shift2Rail global
Key Performance Indicators (KPIs) will be verified using demonstration scenarios.

2. Technical standards based on the technologies proposed will be developed in order to promote
future deployment.

Additionally the authorisation process needs attention in order to get the innovations in place.

Interaction with other TDs (of the same IP and/or of the other IPs):

On the one hand, running gear systems will communicate with train level systems.
Interfaces including protocols towards TCMS have to be defined and standardised.

On the other hand, common technologies like wireless communication or energy harvesting will be
analysed and developed collaboratively.

e |P1 — TD Traction/Braking/Carbody: Lighter Running gears will create opportunities in the train
concepts, therefore a direct interaction with traction and braking
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IP3 — Infrastructure: Next generation passive/active suspension and curving control designs
enables radical new thinking for reduced of wear (including RCF) of curved and straight track as
well as of other high cost infrastructure components.

IP5 — Freight. Technology advances in IP1 potentially suitable in freight applications.
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The following table summarizes how this TD will progress the state-of-the-art and overcome today’s

limitations and difficulties:

State-of-the-art

New Generation Running Gear

Trailer Bogies designed for 20 tons axle load are
approximately 6.5 — 7 tons in weight and contain around
90% of steel

Future Trailer Bogie concepts with around 5 to 5.5
tons of weight, with functional integration of
suspensions, frames, wheelsets and brake
equipment and light weight materials further
reduction coming from Bogie concepts

Different requirements are implicitly/historically
considering steel as preferred material (e.g fire
regulations, maintenance, inspectability)

Harmonized requirements and design principles
applicable for other materials then steel allowing
new light weight component and or concepts to
be applied in running gear.

Architecture based on steel material capabilities

New materials allowing functional integrations
and new Bogie concepts /architectures including
mechatronics

Traditional break-down on components functions with
traditional (sometimes not very innovative) suppliers

New concepts and materials allowing new
solutions on components and their integration to
achieve new solutions, allowing new suppliers
from other businesses entering the market.

Light weight perceived as ‘costly’

Cost efficient / cost neutral light weight solutions

Uncertainty about benefits of light weight design and
materials in Bogies

Clarity about the ‘which, where and how light
solutions’ and their benefits (Technology
Roadmap)

Sensors specially developed or customized for running
gear application, produced in small series and with high
costs

New standardised sensors fit for purpose in the
running gear application that can be produced in
large series at a lower cost.

Expensive cabling in the running gear because of the
necessary mechanical protection of the cables

Wireless sensor network in the running gear

Energy supply to the sensors via cables from the car
body, leading to complex cabling inside the running gear
and to the car body.

Sensors with efficient energy management and
energy harvesting inside the running gear or even
the sensors.

Specific and different solutions for communication and
integration in the train level systems exist.

Clear standards for interfaces to train level
systems and to maintenance systems enabling
compatible running gear sensoring.

Self-guiding: Due to wheel conicity, solid axles
automatically steer themselves on curves. For
independent guided wheels, the guiding mechanism
changes the angle of attack to try to maintain wheels
parallel to the rails. In service, this simple principle
involves some guiding errors that increase noise and
wear both in wheels and in rails.

Optimised methods to guide axles and wheels
taking into account actual track geometry.

Lateral suspension: Passive oil dampers that decrease
amplitude of carbody lateral oscillations.

Semi-active and/or active dampers that react to
lateral oscillations, taking into account frequency
and actual velocity and displacement of carbody,
in order to improve comfort index.
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State-of-the-art New Generation Running Gear

Semi-active and/or active dampers that react to

Vertical suspension: Passive oil dampers that decrease vertical oscillations, taking into account frequency

amplitude of vertical oscillations of carbody and/or and actual velocity and displacement of carbody

running gear frame. and running gear frame, in order to improve riding
quality index.

Virtual certification

Today, the authorisation process for putting new rolling
stock into service is largely based on full-scale field and
line tests, which is expensive, time and capacity
consuming. Moreover, it can only be performed at the
end of the design process.

Virtual certification

The main target is to clearly define a new overall
industrial virtual certification process and to
unfold it on real cases, demonstrations of the

. . approach (TRL7).
There is hence a clear need for a reduction of the

duration and cost of the process.

The following table shows the funded projects which have contributed to the development of
running gear so far:

Project

MECHATRONIC (1998 —2001) Mechatronic technologies for running gear (steering, suspension)

Regulatory framework for the use of new structural materials in railway

REFRESCO (2013-2016) car bodies

EURAXLES (2010-2014) New design approach for railway wheelsets

Virtual certification methods of dynamic performance of railway

DYNOTRAIN (2009-2013) vehicles

Virtual certification methods of acoustic performance of railway

ACOUTRAIN (2011-2014) vehicles

high speed market with a set of specifications that allow for better

MODTRAIN (2004-2008) inter-changeability of key components for maintenance

innovative methodology for Life Cycle Cost calculation and Reliability

INNOTRACK (2010-2013) Availability Maintainability Safety (RAMS)

guidance for selection of technologies with strongest contribution to

ROLL2RAIL (2015-2017) the S2R overall targets
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1.5.4.3. Specific Demonstration activities and contribution to ITDs/SPDs

The following table summarises the contribution of TD 1.3 Running Gear to the different SPD’s of
Shift2Rail:

Running
Gear

Specific S Demonstrator
Research Specification

Techn. Focus of activity

Area Activities?

objective Market  TRL

Sensoring Running gear sensoring open standards. Solutions

. . Metro 6/7 . o
functionality / for safety critical and non-safety monitoring
Universal systems
Optimised . y ’
Materials |C_|°St moc.:lela Regional | 6/7 | New materials for lighter running gear, lower
armonise degradation and lower railway system LCC.
Bogie spec. of Intercity | 6/7 | Solutions f ion & bogie control
control running gear ercity olutions -or suspens.lon . ogle contro
of technologies and their validation
Noise & technologies | High Validated and refined methodology for prediction
Vibration Speed 6/7 | and evaluation of new and improved noise control
measures

1.5.4.4. Impact of the Running Gear Demonstrator

The most significant quantitative benefits to be obtained in relation to the objectives listed in the

previous sections are:

Reduction of bogie associated maintenance costs by up to 20% by enabling monitoring of bogie
components.

Reduction of costs for bogie sensor equipment including their integration in bogies by up to 50%

Reductions of wheel wear at flange contact of up to 25%, due to a better guidance of axles and
due to degradation resistant materials

Reductions in rail wear due to improved curving performance. Up to 10%

Improvement of comfort index of up to 15%, due to a better lateral dynamic response of the
carbody and an improvement of vertical response to track irregularities.

Each of those specific benefits will contribute on the Shift2Rail system-level KPIs stated in the Master
Plan. The relative weight of the benefits provided by this work on the overall system-level KPls for

the whole Shift2Rail initiative are estimated (over a total of 100%) as:

1.

Increase of operational reliability (potentially up to 20%): Due to standardized sensorisation,
health monitoring functionality, and extensive use of mechatronic solutions, as well as the
reduction in wear, improvement in riding quality, reduction of in-service failures and track
interventions.

Reduction of life-cycle costs (potentially up to 50%): Due to weight reduction, less operational,
maintenance related costs, as well as active system control, which they will significantly impact
on the wheel and track wear.
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3. Increase of capacity (potentially up to 30%): thanks to the reduction of the total weight of a
bogie by up to 20%, new generation of vehicle will higher payload.

In order to guarantee a rapid market uptake after Shift2Rail, the following elements has been taken
under consideration:

e High TRL demonstrators will be set up in proof and test different running gear solutions
e Common technical standards based on the technologies proposed will be developed

A key contribution from Shift2Rail is to provide new or revised standards for these emerging
innovations to ensure they can be certified for future rail contracts, specifically:

e Task 1: Technical specification

Technical specifications: Define the general specification for new running gear layouts (with
optional active technology). Specify related high-level architecture and interface requirements.

e Task 2: Sensoring and health monitoring functionality: Address requirements in the recent TSI
connected with sensoring in running gears. Identify necessary new standards.

e Task 3: Optimised Materials: There will be standards such as fire, fatigue, or inspection which
need to be adapted due to the new materials and their specific characteristics. New standards
may be required. An example would be FRP material characteristics (ballast impact).

e Task 4: Active Suspension and control technology: Some requirements of recent TSI, connected
with static/dynamic tests to be performed during authorisation of future trains would be
updated or modified. Related standards, such as EN 14363 and related, could also be revised
accordingly.

e Task 5: Noise and Vibration reduction: This TD will provide valuable input to future revisions of
the Noise Technical Specification for Interoperability (TSI) since the running gear is the major
contribution to pass-by noise at most normal running speeds.

e Task 7: Virtual certification: The progressive use of simulation in several cases to be defined
(cross acceptance, vehicles with small modifications, out-of-the-range modeling of physical tests,
etc.) will enable faster and cheaper certification process. One can expect a reduced time-to-
market railway offer, more interoperable rolling stocks, cost savings for the stakeholder and the
end-users.

Modifications to European standards will be proposed as a result of this activity.

The adaptation of technical standards will have a major impact on the next running gear generations
in terms of competitiveness (potentially up to 50%) and reliability (potentially up to 50%).Additionally
the technical standards will contribute on a faster development of new running gear as well as faster
market introduction. Therefore it can be forecasted that within a period between 2 to 4 years after
the end of Shift2Rail project the new developments will be implemented in a significant percentage
of all new vehicle projects (estimated in the range 20%-50% of all new projects in Europe and 10%-
40% of all new projects world-wide).
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Strategic Impact

The running gear is that which moves and carries the train. Through connecting the carriage to the
track the running gear has to transmit all the loads from suspension, traction, braking, curving and
guidance for the whole train. It has to deliver this with comfort and safety. The wheel /rail contact
patch is optimised for a safe and stable operation whilst minimising wear. The suspensions role
extends to defining the gauge of the vehicle to protect the vehicle from the infrastructure. EU
manufacturing industry has been closely working together for about 15 years to provide incremental
innovations in this area. Shift2Rail goes much further and defines ‘quantum leaps’ in vision, technical
advancement and collaborative innovation.

Such developments support and guarantee the future competitiveness of the EU industry
worldwide by:

Technological leadership:

Advances in material technology means EU industry can be the first to deploy in running gear
technology. Running gear can represent up to approximately 50% of the tare mass of a train.

o Refinement and standardisation of running gear Sensoring technology captures the market shift
towards full lifecycle costing and management of wheel/rail interface. S2R will capture
automotive industry experience to lower the cost of these systems.

e Next generation active suspension and curving control can ‘step forward’ and beat the
competition to market through collaboration to resolve restrictions to market (including
standardisation, certification issues and increased reliability of components, particularly
actuators). By enabling this technology the EU industry can visualise the long term future which
could include radical new wheel/rail conditions for reduced wear and to allow high speed points
and crossings.

e |dentifying and involvement of technology leaders from other industries to allow new features
and/or speed up the existing supplier landscape.

Tangible benefits for the end user:

e Higher speed: — delivered through active curving control and lower weight which enables
vehicles to travel faster through existing curves. This can lead to shorter journey times.

e Improved comfort: — delivered by sensor technology which monitors running gear/track
condition to highlight issues with comfort as well as having active systems influencing the
suspension characteristics.

e Reduced Energy consumption: delivered through optimising running gear structural materials
and improved curving performance.

e Reduced Noise and Vibration: delivered through active suspension systems and weight optimised
solutions for the unsprung masses
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e Reliability and availability: Sensor technology allows health and usage monitoring of the running
gear enabling optimised preventative maintenance regimes. Extensive use of mechatronic
solutions become possible by breaking down currently existing barriers coming from low
reliability of key technological components. Reliability and availability of infrastructure will be
improved and hence traffic capacity increased by reduced maintenance demands, resulting from
the reduced track damage by lower forces levels on the infrastructure from bogies and wheelsets

e Maintenance Costs: Reduced maintenance costs around the wheel / rail interface can be
achieved due to lower wear rates delivered by active suspensions and lower weight and
improved wheelset materials.

e Less track damage from bogies and wheelsets imposing lower forces on the infrastructure will
reduce maintenance demands on the infrastructure.

e Bringing the solutions to market sooner: by addressing barriers to entry generated by challenges
associated with the assessment of these new technologies. The virtual certification task is
directly addressing the duration and cost of vehicle authorisation.

The proposed work is aligned with EU objectives in the following way:

e Promotion of modal shift: A big impact brought by the implementation of these new

technologies towards faster more comfortable trains which minimise service disruptions at
optimised cost.

e Support to capacity increase: this is achieved by less service disruptions due to lack of

operational availability and by reducing the weight to increase in parallel the amount of
passengers.

e Greening of transport: energy savings can be achieved through lighter, optimised materials and

improved curving performance.

The proposed work involves a big step in the degree of maturity of the technologies to be applied:
Currently most of the proposed technologies are in TRL 1,2 (Principles observed and the possibility of
using them formulated) . At the end of Shif2Rail it is expected that the successful concepts are
brought to TRL6/TRL7
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Scientific and technical methodology and associated work plan

A clear methodology has been devised for the organisation of the technical work in the project, in
order to maximize the probability that the desired final objectives are met. This is represented in

Figure 26.

Figure 26: Work plan for Running Gear TD
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The development of running gear in general involves following main phases:

e Conception of the bogie technology and physical explanation of the bogie behaviour

e Theoretical study and modelling of its dynamic behaviour using simulation models

e Theoretical design and construction

e Testing

e Commissioning and entering into operation

These phases of development are reflected during the programme, from the conceptual phase up to

the commissioning (authorisation) and testing phase.
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A thorough initial task is proposed looking at general specifications, high level system architectures
and interfaces of the running gear of the future, considering the expected features of the
technologies to be developed and the needs to be covered.

In a second phase, technologies will be individually developed covering the whole development
process from basic research, lower level specifications, technology development, prototypes and lab
test, leading to results, showing their performance and to a full knowledge of these technologies.

After technologies have been developed to their full potential and individually assessed,
specifications and architectures at whole system level will be re-assessed and the most adequate
solutions for the different types of service and operation conditions will be proposed, since selection
of bogie technology and design characteristics is directly related to the operational characteristics of
the network in which the trains will operate.

This adequate choice of the conception of the bogie technology (conventional bogies, bogies with
independently rotating wheels, bogies with auto-oriented axles etc) and the design / constructional
characteristics of each one of them (suspension stiffness, wheel diameters, wheel profile, wheelbase)
depends directly on the functionality of the vehicles to which they will be mounted on and on the
geometrical characteristics of the track they will run on.

This top down approach secures exploitation of commonalities, as well as avoids parallel

developments. (See table below with different types of service and operation conditions).

. Speed Range Typical minimal
Application "
[km/h] Curve Radii [m]

LVR 70-90 25
Metro 90-100 150-300
Regional 140-200 500-1500
Intercity >200 2000
Locomotives 120-200 500-2000

The final tasks that lead to the project results are twofold:

1. On one hand, a number of different running gear solutions that bring clear contributions to the
Shift2Rail global KPIs will be verified in demonstration scenarios.

2. On the other hand, technical standards based on the technologies proposed will be developed in
order to promote future deployment. These will also include very detailed definition of interfaces
to ensure subsystem interoperability.

Monitoring and key decision making will be managed through the process of gate type reviews at
critical milestones throughout the project. A business case approach will be taken throughout the
project to focus on the viable target applications.

It is expected that this strategy will effectively guarantee the completion of targets and the
deployment of results to the market.
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Interaction with other TDs (of the same IP and\or of the other IPs):

The main interaction envisaged, both from the point of view of technologies employed and of
interaction in performance and objectives, are:

e |P1—-TD “TCMS”: There is a direct interaction between TD TCMS and task 1 of this TD, sensoring
functionality. On the one hand, running gear systems processing and sensor signals communicate
with train level systems. Some running gear sensors feed directly into the TCMS (e.g. speed,
rotational frequency, temperatures). Interfaces including protocols have to be defined and
standardised. On the other hand, there are common technologies like wireless communication or
energy harvesting which will be analyzed and developed collaboratively.

e |P1 — TD Traction/Braking/Carbody: Running gear weight changes and improved dynamic
performance is intrinsically linked to the performance of these systems. For example:
acceleration, braking and gauging.

e |P3 — Infrastructure: Next generation passive/active suspension and curving control designs
enables radical new thinking in wheel/rail conditions for reduced wear (including RCF) on curved
and straight track as well as switches and crossings and to allow high speed points and crossings.

e |IP5 — Freight. Technology advances in IP1 read across to be potentially utilised in freight
applications.

These links will be explicitly taken into account during the development of the work. Regular contact
will be held with the aforementioned groups and specific alignment measures will be taken to ensure
consistency

Description of Tasks:

A wide variety of members plan to participate in the following priority tasks of the TD1.4 Running
Gear to maximise the probability that the desired final objectives are met

It will do so in collaboration with other members in order to ensure the availability of the relevant
complementary expertise and to ensure a wider market uptake of the solutions. Where relevant, the
areas where the participation of RU/IM/SME/Universities/Subcontractors is deemed necessary are
also specified in.

Details are provided below:

T1.4.1 — Technical specification

The objective of this task will be to define a harmonized specification of (a) running gear containing
the sensorisation, materials and bogie suspension- and steering control. This task is a pre-requisite to
the following tasks.

A wide group of members will collaborate in this task.

They will define the general specification for new running gear layouts (with optional active
technology). Related high-level architecture and interface requirements will be specified.
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Gaps in the existing methods for the assessment of new mechatronic applications will be identified
and possible changes or extensions will be defined together with the authorities.

Members will review the specification issued by ROLL2RAIL from a RU/IM/railway operator and
maintenance organisation perspective and will validate design notes on key aspects of the bogie
system (such as materials selection, preliminary design data, fatigue design parameters)

Open Calls

Additional actors of the supply chain and/or research institutions would be needed to support this
task.

T1.4.2 — Sensoring and health monitoring functionality

The objective of this task is to investigate and realize solutions for running gears and their
components to enable safety and non-safety relevant monitoring of components conditions. This
includes identifying unnecessary requirements from present standards and necessary new standards
in order to define clear and agreed common requirements.

A wide group of members will collaborate in this task.

They will research on future open standards, certification requirements and strategy as well as
system architecture and components. They will specify targets for optimum sensor qualities such as
wireless, energy harvesting, and standard EN interfaces and any encrypted communications
protocols. Additionally they will investigate on condition monitoring methods in order to improve
vehicle-track interaction for reduced maintenance costs as well as characterisation of track
irregularities that correlates with vehicle reactions.

Members will aim at regional applications, detailing of information requirements as linked to LCC
optimisation as well as development of data assessment and management.

Members will aim at metro applications and will develop wireless sensor communications
technologies, and then will carry on defining suitable architectures for a system able to detect the
status of bogies by collecting data from bogie mounted sensors, and process it into running gear
health status information and transfer it to the ground. This system will be specific for in a METRO /
SUBURBAN environment, and will be integrated with the TCMS demonstration platform in TD1.2

Members will aim at intercity applications, research on robust sensors, signal transmission, energy
supply. They will design systems, develop variants of integration into train level systems. They will
support laboratory testing and demonstration as well as research on diagnostic methods and
algorithms.

Members will:

e Provide feedback on acquired knowledge in the use of existing commercial wireless sensors in a
railway environment.

e Provide user requirements on sensor architecture, sensor positioning and data acquisition types
and frequency.
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e Ensure that key functional aspects are covered in the planned TD activities. Typically these
include:

o Tele-diagnostic features to allow the anticipation of the detection/maintenance/replacement
of degraded components (detection performed whilst the train is in service, before the
arrival to its final destination),

o Standardisation of diagnostic events and rationalisation of notifications that are made
available to the train driver / maintenance team to allow a more fluid interpretation and
controlled influence on the train operations,

o Standardisation of components across the different bogie systems that will be installed on
different train profiles by various train integrators.

o Perform some of the laboratory tests which will validate the performance levels of key
functions

o Support the writing of the certification process with regards to key aspects that must be
properly justified to the National Safety Authorities.

o Integration of the monitoring architecture and process in the rolling stock maintenance
scheme

Open Calls

R&D institutions or companies with specific knowledge in areas such as sensors, wireless
communications, EMC, vehicle dynamics, condition monitoring, etc. They have to support specifically
on the following tasks:

e Research on system architectures

e Development & adoption of sensors

e Development & adoption signal transmission equipment

o Development and adoption of signal processing hard- and software

e Production of prototype systems

e Laboratory and field test of sensors, signal transmission and energy harvesting
e Requirements for sensoring from new condition based maintenance concepts.

T1.4.3 — Optimised Materials

This task will investigate commercial and technical bogie (component) solutions made out of new
materials (FRP's, new metal alloys) as well as solutions being enabled/supported by new materials
(functional integration, new running gear concepts). A major target is to reduce the weight and
especially the unsprung mass to achieve the overall goals for energy consumption reduction and
track “friendliness” of railway vehicles.
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A wide variety of members will collaborate in this task.

Members will:

e review alternative materials technology and their resulting impact on track damage.
e develop procedures for the assessment of alternative materials in Railway use.

e close the open points from EURAXLES FP7 project by specification of wheelset solutions for the
future.

e work on alternative materials and concepts for prime and secondary components.
e Analyse alternative materials for Running Gear related environment.

e work on surface protection technologies as well as development of materials handling, damage
analysis, protection, and repair schemes.

e focus in the development of new solution for wheels and wheelsets with special properties to
reduce wear and degradation decrease LCC, reduced weight and increase track friendliness. This
will be achieved by the investigation of improved materials and coatings and the development of
suitable maintenance practices.

e investigate new materials and production process, as well as the associated maintenance
equipment, for running gears application allowing achieving a weight reduction up to 20%. The
principal goal will be to develop an independent rotating wheel running gear frame using new
materials.

e provide knowledge on R&D activities covering the use of new materials and technologies

e contribute to the validation of new designs of optimised axles and components, and their
integration in the railway system, including the definition of advanced numerical certification
methods as well.

e provide vision of priorities for Running Gear of the future Research on Materials and Designs
system architectures.

Open Calls are foreseen for:

e Design, manufacturing and conformity assessment tests for light-weight materials
e Testing of new materials, specimen

e Testing of components

T1.4.4 — Suspension & Bogie control technology

The goal is to develop and validate new and improved suspension & bogie control technologies:

a) Steering (auto, passive and active guiding)

b) Lateral Suspension (semi-active & active)
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c) Vertical suspension (semi-active & active)

A wide group of members will collaborate in this task.

They will work on development of specification and assessment procedures for active systems.
Additionally they will work on the optimisation of active secondary suspension system, wheel profile
design and management as well as development of systems for differentiated track access charges.

Members are expected to work on the development of wheelset guiding concepts and active
suspension components as well as Bogie Active Control principles and safety/encrypted
communications cases.

They are also expected to research on Mechatronic Systems and their application. Additionally they
will work on Active Radial Steering.

Members are expected to work on the following activities:

e Improvement of passive guiding system for independent-wheel running gears, especially for
small radius curves found in tracks of emerging and developing countries and for different track
gauges.

e New active guiding system for independent-wheel running gears
e Active suspensions for conventional bogies and independent-wheel running gears
e Coach active height control system

Members are further expected to contribute to specify, develop, demonstrate and test on line new
and improved suspension and bogie control technologies. Assessment of LCC and investment costs,
to define clear and agreed requirements, up to TRL7, eg:

e Wheel steering (self, passive or active guiding devices)

e Lateral or vertical suspension (semi active or active devices)

Open Calls will be oriented towards:

e Knowledge on control logic systems.

o Development & adoption of sensors necessary for steering lateral and vertical suspension
e Development & adaption of actuators; hydraulic, electro mechanic components

e Production for prototype systems

e Laboratory and field tests of sensors and components

T1.4.5 — Noise and Vibration

Methods and tools for an accurate and efficient prediction of needs to be developed and validated in
order to systematically optimise the vehicle design and determine the required dynamic properties
of the vehicle elements. There are subtasks on structure bore noise, exterior noise and ground
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vibration. Each new step in the method development needs to be systematically validated with
experimental data from vehicles and lab test.

A wide group of members will collaborate in this task.
The following specific activities will be undertaken:

e Set first targets for N&V for running gear development in S2R in close cooperation with CCA N&V
using existing methods and estimates

e Follow up and optimize N&V targets running gear throughout the S2R project in close
cooperation with CCA N&V

e C(Create basic software frame, specification and models for simulating running gear source
characterisation as well as air-borne and especially structure-borne noise transmission from
running gear to carbody interface and/or interior receiver positions

o Develop a set of methods that can predict the structure borne noise transmission from
wheel/rail contact to the carbody interface, determining in turn the interior noise of the
passenger compartment. Combinations of state of the art numerical and empirical methods
will be applied (eg TWINS, MBS/FEM software, ACOUTRAIN methods). The methods should
be validated and able to predict the effect of introducing variables such as new materials or
new improved dampers and couplings in the bogie. This task should be linked to N&V task in
the carbody TD and CCA N&V

e Evaluate the effect of measure on the running gear for reduction of exterior noise. Close
cooperation with CCA N&V where models for exterior noise will be developed. Detailed studies
of simulation methods for combination on new wheel design and special track e.g. slab track or
new type of track parameter as studied in IP3 and should be linked. Define combination of
vehicle track parameters to optimize.

o “Exterior noise- skirts”: Development of simulations to rate scenarios introducing skirts on a
given bogie in order to reduce the wheel part and the traction part of the noise. Quantify
acoustics effect of different novel bogie skirt designs. The influence at higher speeds needs
special focus including aeroacoustics effects.

o “Exterior noise wheels”: Application and validation of methods to predict the noise reduction
potential of introducing new integrated means of including damping or otherwise reduce
noise radiation from wheels.

o “Noise effects of active and adaptive bogies”: Tools for evaluating the effect of different
configurations of mechatronic bogies regarding curve squeal as well as interior noise

e Evaluate the effect of measure on the running gear for reduction of ground borne vibration.
Follow up of RIVAS project. Prediction methods for Ground Vibrations will be developed in the
Cross Cutting Activities.

e N&V control solutions developed should be demonstrated on sub-assembly or TD (technical
Demonstrator) level.
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Members will:

e Develop and validate improved methodology and virtual test for the prediction and evaluation of
new N&V measures for interior noise and structure-borne noise transmission. This research
process will be coordinated with the N&V CCA group to meet the system design interfaces for
N&V transmission.

e Apply on a demonstrator simulation methods developed for ground vibration (in CCA), exterior
noise and structure borne noise transmission for interior noise. Elements to be considered are:
suspension system e.g. dampers, new materials for bogie, reduced unsprung mass, roughness
growth and out of roundness, skirts, aeroacoustic effects, novel wheel designs, curve squeal etc.

o Develop and perform full scale tests of new concept of N&V reduction system specifically
oriented to the requirements and operation conditions of METRO/SUBURBAN vehicles

Open Calls are expected in the following areas:

e Support is expected from Universities, Research Institutes and SMEs to perform work in order to
develop, validate and implement new enhanced simulation models for prediction of bogie noise
in close cooperation with member activities.

e Develop and validate improved methodology and virtual test for the prediction and evaluation of
new N&V measures for interior noise and structure-borne noise transmission.

T1.4.6 — Integration in demonstrators/ITDs/SPDs

Test in real environment and commercial conditions the access systems developed during above
projects

A wide variety of members will collaborate in this task by:
o Design-Make-Test a component-system for long term loading and exposure.

e Carry out a bogie monitoring and health status management system demonstration activity in a
METRO / SUBURBAN application. This demonstration integrates the sensoring and monitoring
related developments in task 2 with the developments of TD 1.2 TCMS, resulting in an integrated
demonstration activity. The costs of this integration are already considered in TD TCMS, and
therefore the budget here is 0.

e Demonstrate new sensoring technologies.

e Adapt the technological developments carried out in previous tasks and carry out all necessary
steps to make them work in a realistic environment demonstration.

o Perform laboratory tests (e.g. EN13749, EN14363) in an existing test facility on new bogie frames.
The following tests could be performed:

e Static structural tests representing in-service and exceptional degraded conditions to check the
design
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e Fatigue tests using a variety of dynamic loads (10 million cycles in three axes) to check the overall
design and manufacturing quality of pre series components.

e Non Destructive tests (Ultrasonic testing, Magnetic testing, penetrant testing)
e Line tests to check the dynamic structural or railway dynamics response of the bogie
e Data processing and analysis of the test results

e Provide recommendations for train path allocation and light (cost and workload) authorisation
files to perform on track test of new bogie systems

e Provide advice on modification of the rolling stock under test to act as the test vehicle and its
rehabilitation into service after the tests.

Open Calls are expected in the following areas:
e Field Testing / Validation

T1.4.7 — Virtual certification

e State of the art

Provide a state of the art picture of the railway sector, based on Triotrain results and other research
projects. Contribute to an additional bibliography work, notably to analyse the methods and
processes that are used in other industrial sectors.

e Numerical models validation

Contribute to the development of new mathematical methods to validate numerical models by
comparison with measurements, considering an uncertainty assessment of both the input
parameters and the models. Perform tests and/or simulations to validate models with the new
method. Data from previous projects could be used.

e Characterisation and modelling of the variability of input parameters
Develop methods to model the distribution of the input data and their effect on the results

Develop a method to define a simplified synthetic track for use in the early stages of simulation
acceptance criteria

To be consistent with the statistical approach that will be developed, the way to post-process the
numerical results and the acceptance criteria should also evolve.

e Blind tests
Perform the virtual/experimental process on one or two real life case
o Definition of an overall process and recommendations

Contribute to the definition of the processes and verify that they are robust, relevant and that they
can be applied, from a technical and organisational point of view (to answer to the following
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guestions: when can simulations replace tests? Are the necessary input data available at the different
steps of the process? How can they be characterised, with which accuracy?)

A wide variety of members will collaborate in this task. An operator member can bring an overall
view and expertise for the complete validation process.

Open Calls: No Open Calls are identified

1.5.4.6. Planning and budget:

2016 2017 2018 2019 2020 2021 2022

TD 1.4 Running Gear

1.4 1 — Technical specification 3 Roll2Rail
1.4.2 — Sensoring and health monitoring functionality a/7

1.4.3 - Optimized Materials 6/7

1.4.4 — Suspension & Bogie control technology /7

1.4.5 — Noise and Vibration 7

1.4 6 — integration in System Demonstration Platform 7

1.4.7 — Virtual Homologation i 3

1.4 8 —Reporting

The estimated total budget for Running Gear TD is around 26,6 M€.
1.5.5. TD1.5 Brake Systems Demonstrator
1.5.5.1. Concept and objectives of the Demonstrator

The objective of this TD is to develop safe brake systems with higher braking performance, lower life
cycle cost and noise levels, as well as braking energy recuperation. Furthermore, lighter, compacter
and environmentally friendly brake components and a new generation of brake control electronics
will be developed. Improved adhesion management, new generations of eddy current brakes as well
as enhanced diagnosis systems for easier and more cost-efficient maintenance are the objectives of
this TD.

The following achievements are to be reached by the TD:

1. Ability to implement high safety relevant brake control functions in hardware-software
architecture compliant with High Safety Integrity Level (SIL 3-4)

2. Ability to substitute the brake control unit (BCU) communication via railways custom networks
(Multifunction Vehicle Bus MVB, Train Control Network TCN) by communication via Ethernet

3. Improvement of braking degradation in poor adhesion condition, from 25% prescribed by UIC
541-05 leaflet to 15%

E

Standardised, interoperable and high safety rated linear eddy current brake

g

Innovative friction pair solutions, lightweight (e.g. ceramic) brake discs, improved LCC
6. Enhanced, failsafe electro-mechanic brake system
Standardisation of the assessment brake systems

8. Methods and tools for virtual certification of brake systems
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The following table provides an overview over the contribution of the TD against the objectives of

the global S2R Master Plan:

S2R Objectives

TD Objectives

Practical contribution (how)

Improved services
and customer
quality

Elimination of the inaccuracy of
pneumatic brake control in safety
relevant braking functions, transition of
BCU communication protocols from
current railways custom networks (MVB,
TCN) to Ethernet

System Requirement Specification, System
Architecture Specification, Test
Specification of sub systems, HW-/SW
Prototype, Laboratory and on vehicle
system demonstrators

Reduced system
costs

Optimisation of adhesion conditions to
reduce the braking distances in low
adhesion condition, to reduce the
wheel’s LCC and to improve the overall
train safety

Proposals for normative changes, test
reports regarding rail wheel contact,
mathematical models, adhesion managing
concepts and products, standard
procedures / test benches for product
approval tests

Eco-friendly maintainability, mainte-
nance costs reduction and diagnosis
enhancement of friction brake actuators
for compact electro mechanic brake

System requirements, system specification
with common standards, interfaces and
test procedures, laboratory system
solution, on-board vehicle demonstrators

Reduction of weight and Life-cycle-costs
by developing innovative Friction Pair
Solutions such as ceramic brake discs for
life time operations

Requirement specification, ceramic disc
design, validation by lab tests

Enhanced
interoperability

Extension of wear-free and adhesion-
independent braking with new
generation of interoperable linear eddy
current brake

Basic design parameters, performance
requirements, common standards,
interfaces and assessment procedures, lab
test results, vehicle test results

Simplified business
processes

Reduction of time and cost of the Brake
System assessment in a vehicle
authorisation

Simplification of Authorisation

1.5.5.2. Technical ambition of the Brakes Systems Demonstrator

Brake Control and Adhesion Management

In order to achieve the required safety (SIL4 is required on the overall brake system level), today’s
brake controls still rely on hardwired and/or pneumatic signals and on pneumatic brake controls. This
has major disadvantages.

On the one hand, it is not possible to apply more sophisticated braking functionalities, e.g. “train
level” blending optimisation, by using these rather rudimentary emergency brake architectures only.
Additional electronic control functions and communication networks are necessary for in-service
braking as well as for the exchange of diagnostic data. However, these double structures cause
higher complexity.

On the other hand, due to intrinsic inaccuracies and to temperature and ageing related drifts,
pneumatic controls do not take advantage from the accuracy offered by typical electronic controls.
These often produce pressure values lower than the expected resulting in increased braking
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distances. Or higher values, which result in overshooting the available adhesion cause sliding. In both
cases the braking distances are higher than the expected values. As a consequence, a high safety
factor may have to be taken into account in order to ensure that the expected braking distance will
be kept. The following example shows a complex state of the art brake control system (figure 27).

These disadvantages underline the immediate demand for improvements to close the backlog to
other industries. Those have finally managed to transfer the safety-related functions to an electronic
and software-based system architecture which is compliant with the required high Safety Integrity
Level (SIL3-SIL4).

This would not only allow taking benefit from the higher accuracy and from advanced emergency
braking concepts. It also allows exploiting the advantages of the TCMS to substitute hardwired
signals as well as BCU communication protocols of current railways custom networks (MVB, TCN) by
using safe communication over Ethernet.

Figure 27: Example of today’s complex brake control concepts, showing different ways of
communication modes and pneumatic brake control functions like a two-step, continuously load
dependent relay valve (Figure courtesy of Knorr-Bremse)
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The wheel to rail contact usually not only causes a significant uncertainty when predicting braking
distances, but is a general bottleneck with regard to the achievable braking performance of the train
and, to a substantial degree, for the traction effort as well. Due to environmental as well as technical
reasons the conditions for this wheel to rail contact are very often different and cannot be predicted
exactly. They vary depending on different positions of the wheel on the track as well as on different
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travel times, seasons, etc. This negatively influences a large number of rail traffic characteristics, like
headways, punctuality and especially safety.

Although regulations for brake systems usually consider an adhesion factor of 0.15 only, there will be
situations with insufficient adhesion factors. This is different from traction systems, where adhesion
levels above 0.20 are allowed to be considered.

A number of strategies can be foreseen to mitigate this situation:
e Sanding as a way to modify the contact conditions
o Wheel slide protection (WSP) as a way to utilize the adhesion maximum currently available

e Additional adhesion-independent brakes, especially magnetic track brakes, but also linear eddy
current brakes

Managing especially low or insufficient adhesion conditions can reduce braking distances. Hereby it is
important to minimize the variation under comparable conditions. Such a future adhesion
management significantly contributes to a capacity increase in railway operation.

In terms of performance, noise generation and LCC the technologies presently used for railway brake
systems lag behind the available state of the art. New concepts of an improved adhesion
management have to include both a more effective wheel to rail contact as well as improved
concepts of WSP. This involves enhanced algorithms and allows a more flexible shifting of slippages
and braking efforts along the train.

Considering the strong interdependence of these measures, it becomes obvious that a
comprehensive approach is needed.

The massive impact of the wheel to rail contact on braking and traction makes it one of the key
factors to increase the performance and the capacity of railway systems.

Efficient Braking Force Generation

It is understood that regenerative braking should be exploited as far as possible as it will become
more important in future. However, as it is not in the scope of this TD, the following descriptions will
explain the envisaged improvements of other means of braking force generation, which will be
necessary to complement electrodynamic braking in the future.

In principal, linear eddy current brakes are already available today and have proven their advantages
of adhesion independence, nearly constant braking force at any speed and wear and noise free
braking. This has been proven in German ICE3 trains very successfully.

Figure 28 shows how the eddy current brake doubles the available power of wear-free braking and
contributes significantly to a high deceleration without adhesion limitation.
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Figure 28: Linear eddy current brake usage in service braking and emergency b raking of a
HighSpeed train (Figure courtesy of Knorr-Bremse)
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Despite these advantages, the current generation of this technology has not gained significant
market share. The main reasons for this are:

e Infrastructure related
o EMC compatibility (ATP infrastructure)
o rail heating
e Vehicle related
o additional interfaces
o higher energy consumption
o increased weight

Interaction of current and future eddy current brake technologies with the rail infrastructure is the
main topic of the EU FP7 programme ECUC?. The achievements of this collaborative project will
provide the necessary and sufficient insight view on this area of interest, what remains to be done is
the implementation of the results into a new generation eddy current brake concept. In the same
way the vehicle related compatibility issues must be addressed in order to improve the acceptance of
the eddy current brake technology. A higher degree of standardisation and simplified engineering
processes are necessary to support the spreading of the eddy current brake technology into a wider
range of vehicles such as intercity trains. Here it could become a promising alternative for magnetic
track bound brakes whose braking forces decrease significantly at higher speed. Further on, they are
prone to pick up rail material and can also not be used for service braking.

Both magnetic track brake and linear eddy are adhesion-independent brake systems. The advantage
of linear eddy current brakes is the frictionless technology, which produces no wear and tear.
Nevertheless, it has to be highlighted that it is extremely unlikely that the conventional friction brake
can be completely substituted in the foreseeable future so that a further evolution of their state of
the art makes sense as well. Today, ceramic brake discs are used in sports cars and luxury class

8 see http://www.ecuc.eu/
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limousines of premium suppliers. Compared with conventional grey cast iron brake disc ceramic
brake discs weigh around 50 percent less reducing the critical unsprung mass of wheelsets and
contribute to reduce the rotating mass.

Further advantages are reduced fading and high thermal stableness, high abrasion resistance and
therefore a longer lifetime.

The TD aims to design discs that do not have to be changed within the vehicle’s life time. This
promises a reduction of the overall life cycle cost significantly compensating the relatively high
production cost. To achieve this goal, the challenge is to design a system that ensures sufficient heat
dissipation.

Looking at the actual friction brake actuator technologies available, it can be said that there are two
mature technologies dominating the market:

e Pneumatic systems for high speed trains, regional trains, metros and freight applications
e Hydraulic solutions for light weight vehicles (LRV)

Mainly the hydraulic version has the advantage of high force density whereas the pneumatic one
offers a relatively simple activation of the braking power. In any case elaborate concepts of air
generation and hydraulic systems are necessary. With regard to ecological and maintenance issues
the latter ones are even more demanding. A full drive-by-wire mechatronics brake system could
overcome these drawbacks and offer the additional benefits of advanced control, diagnostic
functions and ecologically friendly energy storage systems. By using such a system for LRV
applications the possibility of eliminating the complete oil management chain would be given. The
technology was just not flexible enough to be adapted to the tight frame of requirements for low
floor LRVs.

Figure 29: Electromechanic brake as a basis for a drive-by-wire mechatronic brake system
(Figure courtesy of Knorr-Bremse)
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By using the recent experiences in the railway and also other industries, the development of new
drive-by-wire mechatronic systems for LRV seems to be possible in the near future. The latest high
safety level electronic solutions could promise a safety level that is equal or better than today’s
hydraulic brake systems. This technology could most likely very soon be introduced to other rail
applications, especially to the metro segment.

Assessment of Brakes, Virtual certification

The goal is to create a process for the assessment of brakes with standardised and distinct
requirements as well as standardised test programmes defined on a common European basis. The
goal is to reduce time and cost of authorisation. By setting these standards the important future
aspect of virtual certification will also be taken into account.

This particular work has already been started in the Roll2Rail project. Focus of the Roll2Rail project
lies on the analysis of the variety of existing requirements all over Europe and to create the
foundation for the following tasks within Shift2Rail.

Previously funded projects

Besides the improvements originating from the ongoing industrial evolution as well as the work
being done in various standardisation groups, a number of additional activities were carried out in
the past years. Some of them were research projects financed by the European Commission.

A summary is shown in the following table:

Project

Subproject ModBogie: Standardisation of bogie components, partially
FP6 MODTRAIN (2004 - 2007) related to brake, details see
http://www.modtrain.com/subprojects.html#modbogie

Innovative Modular Brake Concepts for the Integrated European High-

FP6 MODBRAKE (2006 — 2008) Speed Railway System, details see http://www.modbrake.com/

FP7 ECUC (2012 - 2015) Eddy Current Brake Compatibility, details see http://www.ecuc.eu/
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Summary:

The following table summarises how the TD will improve the state-of-the-art brake technologies:

State-of-the-art

New Generation Brake System

Safety braking related functions (safety brake, safety
brake weighing) still assigned to traditional pneumatic
systems. Due to intrinsic inaccuracy and to temperature
and ageing related drifts, the pressure values provided
can differ from the expected value which can lead to
increasing braking distances or cause sliding.

Electronic HW-/SW platform designed to manage all
braking functions (service, holding, emergency,
safety brake, wheel slide protection), compliant
with the high safety levels SIL3 and SIL4, ensuring a
more accurate control.

BCU communication protocols based on current
railways custom networks (MVB, TCN), safety related
commands being hardwired

Ethernet not as diagnostic media only, but used as
full operational communication system according to
the required SIL levels.

Significantly changing conditions for the wheel-rail
contact, influencing many rail traffic characteristics,
including safety and punctuality. Low adhesion causes
lower acceleration and longer braking distances, high
adhesion results in increased wear and tear and noise.
Sanding and WSP are far from the optimum considering
the technical options available today.

New technologies help to compensate the variance
of the adhesion characteristics and, combined with
a more sophisticated WSP technology, allow
reducing the braking distances in bad adhesion
conditions and to improve the overall train safety,
finally reducing the wheel’s LCC.

A linear ECB exists, but suffers from unsolved track
compatibility problems and other disadvantages
(complicated interfaces to the vehicle, higher energy
consumption and weight). These are the main reasons
it is currently deployed in German high speed trains
only.

The new generation linear ECB is compliant with the
compatibility guidelines (ECUC) and has well
accepted interfaces and features. It is mature for
interoperable employment of adhesion-
independent, silent and wear and tear free eddy
current braking.

Ceramic brake discs are actually used on an automotive
sector premium level only.

Ceramic brake discs are also introduced to the
railway business reducing the life cycle costs
significantly by providing a life time design.

LRVs use hydraulic friction brakes, while high speed,
regional, metro and freight use pneumatic technology.
Electromagnetic brakes are not compatible with the
space requirements of hydraulic LRV brake systems and
are not competitive against pneumatic friction brakes.

Electromechanical friction brakes are as compact as
to substitute the hydraulics in LRVs and competitive
enough to be introduced to other vehicle types,
allowing better control and diagnosis.

Time consuming and costly assessment due to high
complexity of European plus national regulations,
inconsistencies and/or interpretation divergences.

Definition of an assessment process, with
standardised and EU-wide accepted criteria
including a standardised test programme in order to
reduce the time and cost for authorisation.

1.5.5.3. Specific demonstration activities and contribution to ITDs/SPDs

The following table summarises the contribution of TD 1.5 Brakes to the different ITDs of Shift2Rail:

™
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Specific o Demonstrator
Specification

Techn. Activities? Focus and result of activity
objective CHIVItIES: Market TRL

Transfer brake safety functions from traditional

Higher

SIL electronics Generic |4 pneumatic components to SIL3-4 compliant

electronic s

Better understanding of adhesion to derive new
solutions for optimal use

New adhesion control concepts to compensate the
constant change of the wheel to rail conditions

Adhesion

Generic |4
Management

Requirement,
standardised New ECB solving challenges such as track compatibi

Intercity |6/7 |lity,
standard interfaces & energy consumption

Next generati
on
Eddy- criteria and

curr. brake implement.
strategy for

Innovative Ceramic brake discs solutions for rolling stock as
assessment

Friction Pair Generic |4 well as a single ceramic brake. Innovative steel disks
Solutions solutions improving friction pair LCC

Electromech.
Brake

New drive-by-wire mechatronic brake actuator

Generic |4 . o
for railway applications

Requirements, standardized criteria and
Generic |4 implementation strategy for future assessment incl.
virtual certification

Authorisation
Process

1.5.5.4. Impact of the Brakes System Demonstrator

The most significant quantitative benefits that result from the activities and objectives listed in the
previous sections are:

e Capacity increase (train-track) by up to 20%
e Reduction of in service failures (brake system only) by up to 15%
e Reduction of LCC (w/o energy consumption, brake system only) by up to 60%

It has to be said that these figures are based on assumptions and can be affected by criteria that
have their origins beyond the brake system.
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Strategic Aspect Key Contribution from the TD

e Technological leadership supported by a combination of

o radical innovation (high safety level electronic solutions finally leaving
behind the remains of our ancestors’ brake system, quasi elimination of the
bottleneck of low adhesion)

o exploiting technological enhancements in related systems (e.g. TCMS, TD1.2)

Support the
PP . e Tangible benefits for the end user:
competitiveness of
the EU industry o Increase of operational reliability through less operation restrictions under poor
adhesion and through better diagnostics of the brake components
o Support capacity increase through higher track throughput enabled by shorter
and/or more reliable braking distances
o LCC reduction due to better diagnostics, lower energy consumption and
introduction of life time brake components
e  Promotion of a modal shift by implementation of these new technologies to help
avoiding service disruptions and adding new features
Compliance with e  Support the increase of the capacity
EU objectives e Greening of the rail transport through reduction of the energy consumption by

reducing the rotating mass of brake discs.,

e Elimination of any oil in LRV brake systems

e High safety relevant brake control functions in hardware-software architecture
e Brake distance degradation improvement

Degree of maturity
of the envisaged
solutions

o Development of the next generation linear eddy current brake
e Development of a weight reducing life time Ceramic brake disc
o Development of a drive-by-wire, mechatronic brake actuator

e Reduction of Time and Cost of Brake System Assessment

The evolution of the brake system capabilities may deviate from the requirements of the relevant
TSIs: TSI LOC&PAS and otherTSls,such as Control, Command and Signalling (CCS,
length and tolerance of braking distances) or Infrastructure (INF, eddy current brake). Those TSIs may
need to be reviewed to incorporate innovative solutions.

Correspondingly, related standards on the brake system level, e.g.EN16185 (Multiple Units) or
EN14352 (Mass transit), as well as on the subsystem level, e.g. EN15595 (Wheel slide protection),
need to include the new concepts proposed in this TD.

The outcome of the FP7 funded ECUC project defining standards for eddy current brake compatibility
needs to be integrated in the standardisation framework.
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1.5.5.5. Implementation of the work programme

A clear methodology has been devised for the organisation of the technical work in the project
illustrated in figure 30:

Figure 30: Methodology (Figure courtesy of Knorr-Bremse)

General specifications and architectures for Next Generation Braking Systems

High SIL Adhesion

) Authorisation
Electronic Brake Managment

Process

5. Specs/Interfaces
6. Research

7. Development

8. Lab test

Validation/redefinition of architectures and interfaces

Integration in System Demonstration Platforms Technical Standards
Different segments Guarantee future implementation
Validation in operation Ensure subsytem interoperability
Contribution to KPIs

An initial task is proposed to investigate the necessary features, use cases, conditions and
requirements, general specifications, high-level system architectures as well as internal and external
interfaces for future brake systems.

In a second phase, technologies will be developed individually covering the whole development
process from basic research, lower level specifications, technology development, prototypes and lab
test, leading to results showing their performance and to a full knowledge of these technologies.

After the new technologies will have been tapped up to their full potential and also individually
assessed, specifications and architectures at the entire system level will be re-assessed and the most
adequate solutions for the different types of services and operation conditions will be proposed.

The tasks that contribute to reach the project targets are twofold:

1. A number of different brake applications that contribute to the global KPIs of Shift2Rail will be
demonstrated in one or more system demonstration platforms

2. Technical standards based on the architectures and technologies proposed will be set in order to
promote future deployment. These will also include very detailed definitions of interfaces to
ensure interoperability of subsystems.
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Monitoring and decision-making will be managed throughout the process of gate type reviews at
critical milestones of the project. A business case approach will be used during the entire project to
focus on the viable target applications.

Figure 31: General Development Process Flow (Figure courtesy of Faiveley Transport)

Master Plan
fulfillment review

Components
Design & Proto

In order to maximize the collaboration and synergy between industries and, at the same time, to
protect the own know-how and intellectual properties, the following general process is proposed:

1. Brake System Specifications, gap analysis between state-of-the-art and innovative systems,
identification of major differences and added risks on safety and performances, impacts on
vehicle authorisation, introduction and interoperability with existing fleet.

2. System FMEA and related System Safety Analysis, SIL attribution to the new
technologies/functions/components.

3. Lab/Train Demonstrator Test Specifications for innovative Brake Systems validation
4. Innovative Components FMEA, Design and Test Specifications

5. Components design, prototyping, test according to 4.

6. Integration on Lab/Train Demonstrator and tests according to 3.

7. Standardisation proposal

The items 1, 2, 3, 6, and 7 will be executed in a collaborative way among the partners, ensuring that
shared/interoperable solutions as well as standardised tests procedures can be defined. This will
eventually result in consistent proposals for standards,

Iltems 4 and 5 will be executed in a competitive way, protecting the partners own know-how.
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The involvement of NoBo/Safety will ensure that the processes as assessed fulfil the safety
requirements at system level. By doing this the development of non-safety compliant architectures
and solutions can be avoided.

This strategy does guarantee that the targets set for the development can be reached and the new
product can be successfully deployed to the market.

Interaction with other TDs (of the same IP and\or of the other IPs):

IP1 TD1, Traction:

There is a strong interdependence between acceleration and deceleration. Blending technologies
and use of ED brake are examples of a tight interaction between traction and braking.

[P1TD2, TCMS:

The TCMS is the backbone for the transmission of safety relevant information in a train. Therefore all
relevant brake control information has to be exchanged in the TCMS, which is essential for advanced
braking concepts.

The development of an Ethernet based TCMS for high safety level brake functions can be applied to
future brake control systems.

IP1 TD4, Running Gear:

It is essential to exchange the state of the art of both subsystems since the bogie is the place where
most of the mechanical part of the brake is built-in.

Therefore a close interaction between the two TDs is essential to optimize the future design of brake
mechanics in the bogie.

IP5 TD1, Electrification:

Future brake systems for freight applications will be developed in IP5, TD1. There are some technical
areas which are common in IP5, TD1 and in IP1, TD5, such as tread brakes used for metros and for
freight cars or locomotive driven trains for passengers and freight.

This also requires an exchange of information between the two IPs.

IP3 TD3, Optimised Track System; IP3 TD4, Next Generation Track System:

The next generation eddy current brake has to be compliant to the track system of the future. To
ensure this a coordinated approach between the two IPs is needed.

Description of Tasks:

Task 1.5.1 — High Safety Level electronic Solutions for Brake Control

The aim of this task is to develop an electronic hardware-software architecture, compliant with High
Safety Integrity Level (SIL3-SIL4), particularly oriented to be applied in Brake Control solutions, where
the safety functions allocation will be transferred from traditional pneumatic components to
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electronic modules (up to TRL 4). The task will be performed according to Figure 31 (General
Development Process Flow).

The members will:

e Participate in the requirements and specification phase, especially with regard to the
classification of functions regarding their safety relevance

e Provide support during the realisation phase by assessing the achievements against the targeted
implementation level.

e Ensure consistency with the requirements for the fail safe electronics to be developed in the
TD1.2 TCMS. In particular, a metro and suburban application is intended to be integrated.
The budget for such an integrated demonstration application has been planned in the TD1.2.

e Define the criteria the assessment of higher safety level electronics.

e Contribute to work out a joint overall concept for high safety level electronics considering the
requirement’s catalogue of the generic task description.

e Review the proposed brake control and communication architectures using IT systems and
identify incompatibilities with other systems within the overall railway system.

The leading member of this task will elaborate the system requirements, test specification, system
FMEA, safety analysis, prototype and a laboratory demonstrator. It is planned to install this new
mechatronic system on a real demonstrator in order to show the performances that can be achieved.

These test results will be evaluated and validated and can be used for the impact assessment of the
TD.

Open Calls:

Definition of criteria for the assessment of higher safety level electronics through notified bodies, a
task which needs experts in the field of rolling stock certification who have dedicated know-how of
the demands on safety for electronics.

NoBo’s who have competencies in the automotive or avionics sector are preferred. They can
contribute their safety specific transversal knowledge which will be useful to improve and simplify
the railways sector’s technology with its specific safety requirements.

Task 1.5.2 — Adhesion Management Improvement

The first objective of this task is to map different adhesion conditions occurring in the rail traffic.

The analysis will result in new performance’s specifications for adhesion recovery systems.
Furthermore, improved requirements for WSP test procedures will be generated, followed by new
specifications for automatic test benches. In particular, such WSP test bench specification should
result in the definition of a standardized and well adopted methodology for the Virtual certification
of WSP (please also refer to 1.5.6. vehicle Authorisation Process; e.g. test vehicle mathematical
model, various adhesion models library, etc.)
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Subsequently the effect of the modified basic adhesion methods should be investigated using test
rigs, simulations and trial runs. Based on the results, new products will be designed and possibly
developed. These should enable to optimize the braking distances in low adhesion condition, to
ensure the overall train safety, and to reduce wheels LCC (up to TRL 4).

The task will be performed according to the General Development Process Flow (Figure 31) by a
variety of members providing the appropriate skills and experiences.

The members will:
e Participate in the requirements and specifications generation phase for such a system.

e Provide support during the initial collaborative work of collecting data and their consolidation
which is needed to defining requirements and specifications and finally to create a proposal for
future adhesion management methods.

e Develop a preferable concept for the implementation of the collaborative part, mainly targeting
the implementation in suburban or urban train applications.

e Participate in the initial collaborative work of mapping known adhesion conditions and
contribute to the theoretical and experimental investigation of adhesion modification methods.
Develop innovative slide protection algorithms based on the findings during the collaborative
part, in particular in metro and suburban environments. Tests will then be performed using the
high safety level electronics (TCMS SIL) developed in TD2.

e Give support to elaborating the system requirement’s specification, test specification, system
FMEA and safety analysis. In addition a new adhesion system will be proposed and tested, if
possible using a test bench which allows implementing the developed vehicle models and
adhesion libraries. The development of such a test bench would also prove the equivalence and
interoperability of the virtual certification process that will specifically be developed within this
task.

e Contribute to establishing a joint overall concept for high safety level electronic considering the
requirements catalogue as stipulated in the generic task description

e Review the proposed low adhesion management approaches and assess their contribution to
reduce braking distances in normal and specific operating conditions (braking in winter, with dirt
and leaves on the track, etc.).

The Members will deliver the specifications, system FMEA, safety analysis, test reports on rail wheel
contact, mathematical models, adhesion managing concepts & prototypes, procedures and test rigs
for R&D, a demonstrator and the product approval tests and proposals for normative changes.

Scope of Open Calls:

Scientific institutes’ and research laboratories’ support is needed to prepare the test procedures, to
perform the tests and to evaluate the results.
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It will also be necessary to identify topics in terms of the current standards and regulations, which
have to be adjusted to optimise braking in poor adhesion conditions. Additional support and
expertise by the dedicated standardisation bodies is needed to trigger these normative changes.

Task 1.5.3 — Next Generation Linear Eddy Current Brake (LECB)

Development of the next generation linear eddy current brake with a clearly defined interface to the
vehicle’s traction power supply. A major requirement is to have an independent brake system which
offers the same safety level as existing friction brakes. Future interfaces between the train control
and the eddy current brakes are to be adopted. A more standardized and easy to engineer eddy
current braking technology ready to be deployed into a wider range of vehicles is targeted. One
example are intercity train applications which will be develope