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1. Editorial/ Foreword
The European railway manufacturers and suppliers are challenged by low acquisition cost products generally offered from
Asia. With the help of the Shift2Rail programme, the European railway industry is in a great position to respond to this
competitive challenge through the biggest strength of the European industry; innovation.
PIVOT is contributing to the vision and goals of Shift2Rail by focusing on the “Performance Improvement for Vehicles On
Track” around all mechanical units of a vehicle - starting from the carbody roof down to the wheel.
This first issue of the project’s newsletter presents the main results and findings of the first 15 months of cooperation of
the PIVOT consortium. Its work plan contains activities of TD1.3 Carbody, TD1.4 Running Gear, TD1.5 Brakes, TD1.6 Doors
and TD1.7 Modular Interiors. Each one will be represented in dedicated Work Packages aiming at providing valuable input
for the success of the respective Innovation Program 1 (IP1) Technology Demonstrators (TD).

2. PIVOT in a nutshell
PIVOT started by considering the high-level motivation for the whole Shift2Rail undertaking and looked at the key facets.
It then applied these considerations to all the mechanical TDs within IP1. The demarcation of these TDs uses the usual
functional breakdown to address innovation at subsystem level. Railways are becoming ever more complex, so PIVOT also
looks at enhancing the traditional mechanical emphasis of Rail Vehicle Engineering by adopting a more multi-disciplinary
approach where there is a greater focus on the interfaces (System Engineering).
The overall ambition is to develop technologies that are lighter, more energy efficient, more comfortable for passengers
and with a lower impact on the track, thereby reducing the Life Cycle Cost (LCC) not only of the vehicle itself, but of the
entire railway system. Developing technologies which increase the operational reliability of trains, causing less travel disruptions, ensuring that passengers arrive at destination on time and delivering a better service are also considered.
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3. Interview per TD

TD1.3 – The new generation of car body shells

• What is the ambition of the TD1.3?
In the TD1.3 Carbody we are looking for the complete
transformation of the current railways carbodies to improve
the energy efficiency, manufacturability or increase payload
through the introduction of weight reductions strategies for
making the train more attractive for passengers and operators (space, comfort, equipment or less track damage).
At the end of Shift2Rail we will be able to present different
demonstrators (from different subassemblies to a whole
carbody) in different segments (from High Speed to Urban) with new ideas for the railway sector.
• Will your activities revolutionize the Railway sector?
Yes, the introduction of new materials, joints and manufacturing techniques will shake the railway state of the art.
• What is the long-term vision?

• Which is the approach for the assessment of the new
developments on carbodies?
The assessment will be done looking not only for structural
criteria (that it is a key point for safety). Other aspects like
thermal and electrical conductivity, EMC, noise or vibrational
criterial will be taken into account.
The approach will be made in different steps: development
and application of calculation methodology for the theoretical validation according the state of the art, construction of
the demonstration according the design, quality checking
of the demonstrator, testing at lab scale and correlation
with the calculus and testing on track registering all the
representative parameter to validate initial hypothesis. With
this information, an integral approach is considered to set
up new technical recommendations and standards for
composite in railway application.

A complete standardization framework which allows railway manufacturers the use of composite technologies on
carbody applications maintaining railway safety levels.
• How is PIVOT contributing to the reduction of the
greenhouse effect?
One of the main research goal in PIVOT is the weight reduction of the rolling stocks with the objective of reducing
the structural weight by 30%. There is a direct relationship
between the mass of the rolling stocks and the energy
needed to move it. Therefore, reducing the mass will reduce the energy needed to move the trains and, of course,
reducing the energy will indirectly reduce the emissions
of CO2 in the atmosphere as well. In general terms, the
production of energy is highly dependent on traditional
hydrocarbons technologies. The use of light materials as
composites is very well known in other industries, such as
aerospace, but not so much in the railway industry. There
are many different technical and non-technical aspects
which must be analyzed for a successful transition; the cost
being the most important.

Figure 1: New carbody concept

Specific questions:

• What are the next steps to achieve the objectives?

• What is the vision for the next generation of
carbodies?

We are currently in the phase of design and calculus based
on the specification made for the different demonstrations.
Now we are bringing ideas from other sectors like aeronautics to the railway and adapting it in the new environment.

A hybrid concept mixing metallic element (aluminium,
steel, etc.) and composites depending on the necessities
and target cost. This new generation provides rolling stock
manufacturers more flexibility in the design making the carbodies more passenger and track friendly.

So the next key step is to define robust concepts for the
demonstrators in order to start their detail design and construction in a follow-up PIVOT 2 project.

TD1.4 – Running gear

• What initial assessment lead to the setting up of
TD1.4 within PIVOT?
Regarding Running Gear Components, the state-of-the-art
technologies are based on an approach based on the experienced gained for many years. Most of the innovations
from the last decades have evolved by considering well
proven designs for which very few changes have been applied and have been validated using a trial-error approach.
The state-of-the-art technologies used for Running Gear
consider the use of sensors for Condition based Maintenance and Active Systems with very low reliability and a
cost-ineffective maintenance as well as conventional materials like steel and rubber with low strength-weight ratio.
• What are the expected impacts of TD1.4?
First of all, a significant weight reduction in primary structures like bogie frames or wheelsets is expected. This impacts directly the capacity of the vehicles leading to an increase of the capacity of railway system and a reduction of
the running gear maintenance cost.
Additionally, the introduction of sophisticated Health Monitoring Systems based on condition-based maintenance
will allow the extensively introduction of Predictive maintenance approaches that shall impact positively on the Life
Cycle Cost (LCC) of the vehicles.
Lastly but not least, the use of Active Systems will bring the
possibility of increasing passenger comfort and reducing
the Running Gear Wear and deterioration.
• What is the long-term vision?

Specific questions:
• How does TD1.4 impact the attractiveness of the European Railway system?
The improvement of vehicle dynamics, thanks to the use
of active solutions and the reduction of non-expected
problems by means of health monitoring systems, will
contribute significantly to improving the consideration of
railways as an efficient, reliable, punctual and comfortable
means of transport.
• How will data management and sharing between infrastructure and operators be handled?
During the last years, the importance and value of an intelligent use of data has been proven in the railway field.
However, in most cases, the obtained data is not shared
between the different systems. A comprehensive use of
data obtained can lead to improved areas such as maintenance of both vehicle and track, fairer definition of track access charges, risk evaluations… One of the goals of PIVOT
is to define how to manage, store and share data coming
from different parts of the railway system.
• What are the risks of advanced solutions?
Railways are considered as one of the safest means of
transport. When developing new solutions, it has been kept
in mind that new vehicles must be as safe as the conventional ones. Therefore, safety issues have been considered
along the development of different solutions analysing the
current standards, checking how the new solutions comply
with all regulations, etc.

The challenge is to develop and combine adequately
suitable technologies to produce light, low noise, track
friendly, reliable and cost-efficient maintenance focusing in
the achievement of the following objectives: increase of
reliability and punctuality, capacity and LCC reduction of
Running Gears.

Figure 2: Austempered Ductile Iron (ADI)-spoke-wheel

Figure 2bis: Active Steering System in HS IRW bogie

TD1.5 – New braking systems

• What is the ambition of TD1.5 ?
TD1.5 brakes is addressing significant European railway
needs and challenges aiming at the development of concepts and solution for low noise, cost attractive, highly reliable brake system. The objective of this TD is to develop
safe brake systems with higher braking performance, lower
Life Cycle Cost (LCC) and noise levels as well as braking
energy recuperation. Lighter, more compact and environmentally friendly brake components, a new generation of
brake control electronics, enhanced diagnosis solutions as
well as improved adhesion management generate additional customer benefits. The current TD innovation and
development process actively engages and responds to
the key stakeholders demands. A concerted effort is being
made not only to develop solutions to known problems
in the field of brake technology, but also to anticipate and
evaluate potential future railway problems and to include
them in the brake development strategy.
• What are the expected impacts of TD1.5 ?
The most significant benefits from the action as a result
of the new technology developments, methodologies and
simulations are:
• Reduction of Time and Cost of Brake System
Assessment thanks to new certification and validation
methods and tools;
• Greening of the rail transport through reduction of
the energy consumption by reducing the rotating
mass of brake discs;
• LCC reduction due to better diagnostics, lower energy consumption and introduction of life time brake
components due to an advanced SIL3/4 compliant
electronic hardware and software architecture for
brake components.
• Will your activities revolutionize the rail way sector?
It is our aim to see that the new innovative brake technologies and solutions, which we develop and integrate
together, are impacting and strengthening the rail sector to
make the future rail system more competitive and efficient.
In this respect, the technology developments in the brake
system are also taking into account the global digitalization
trend to enable higher performance and better quality. The
proposed new, innovative technologies and solutions will
maintain or increase the safety level of future brake systems on the one hand and on the other hand these technologies and solutions will allow reliable, available, maintainable procurement and operation of trains at optimized
Life Cycle Cost (LCC).

• With which development does the TD Brakes contribute to an increase in capacity of the European Rail
System?
An increasingly important part of the braking system is gaining the electronic control with their hardware and software,
especially in safety-related braking function. The elimination of inaccuracy of pneumatic brake control due to intrinsic inaccuracies and to temperature and aging related drifts
by advanced electronic hardware-software architecture
compliant with High Safety Integrity Level (SIL3-SIL4) allow
a more accurate brake control and support the increase of
capacity due to more reliable and shorter braking distance.
In addition, the enhanced fail-safe electro-mechanic brake
system allows high-sophisticated, fast control loops, which
allows operating a wider range of trains with less distance
between the trains increasing capacity.
• Which approaches are pursued within the TD Brakes
to reduce costs of maintenance and approval of the
brake system and its components in the future?
The two innovation activities “Electro-Mechanic Brake for
Railway Application” and “The Simplification of the Approval
Processes of the Braking System” within the framework of
the TD Brakes shall make a significant contribution to the
cost reduction in the future. Joint overall concepts and
standardized interfaces / authorization processes pave the
way for future LCC reduction.
• Which main targets will be reached at the end of
PIVOT and how should it continue?
The work in the field of electro-mechanic brake and SIL3/4
Brake Control Electronics will be completed with investigations of first demonstrators in the laboratory. On the
basis of the investigation results, the next step within the
follow-up project intends to implement improvement measures along with a partial implementation on the train.
Furthermore, the investigation on virtual certification processes for the brake system results into first defined and
agreed virtual certification methods for brake sub systems
to shorten their certification processes. The follow-up activities will focus on the development and integration of virtual
certification methodologies for the brake system.

Figure 3:
3D model Brake calliper
unit with EM-brake

TD1.6 – Innovative doors

• What initial assessment lead to the setting up of
TD1.6 within PIVOT?
The doors are probably the train system which has the
biggest interaction with passengers. But the current design
of doors does not allow an easy and autonomous access
especially for people with reduced mobility as it does not
guarantee the absence of gaps (horizontal and above all
vertical). As a consequence, it does not always allow a fluid
access and egress to and from the trains.
On the other hand, the doors contribute to the passenger
thermal and acoustic comfort. But today they sometimes
create a feeling of cold or hot walls and they do not reduce
a lot the thermal flow and the acoustic waves compared to
the train’s sidewalls.
• What are the expected impacts of “your TD” (in direction of S2R or PIVOT or rail way…)?
The challenge of TD 1.6 is to provide seamless and flexible access to the train for the public including people with
reduced mobility, while reducing the weight and the cost,
improving the comfort features (noise, thermal, etc.), and
adding more functionalities to the door and access systems
The most significant benefits expected from these actions,
once the technologies developed are fully implemented
and deployed, are:
- Improved passenger flow with a more intuitive interaction
- Improved accessibility
- Improved comfort
- Reduced door weight to limit train impact on environment (energy consumption, track wear…)
• How do you improve passenger experience and accessibility?
To target an easy and autonomous accessibility for all, we
develop:
- An adaptive boarding aid implemented inside the
train to solve vertical and horizontal gaps issues
- An efficient platform detection and measurement
system to be able to adjust the adaptive boarding aid
To improve passenger’s experience, we:
- Develop innovative touchless detection system of
passengers
- Improve door functionalities
- And deliver not disturbing and high-quality information to the passengers to increase the fluidity and ease
boarding and alighting

Figure 4: Improved Accessibility

• Which approach do you use to improve passenger
comfort and reduce the weight?
TD1.6 has defined two development axes.
First, TD 1.6 works with an incremental approach starting
from current design. The first stage is to define all the weak
elements and, based on this list, to propose development
axes like new design of profile, improvement of filling material towards more complex acoustic structure and improved tightness solutions. In a second stage, individual
solutions will be studied and assessed. In a third stage, a
leaf integrating the relevant and promising solutions will be
developed.
The second axes is to introduce composite solutions in
the doors. TD 1.6 proceeds to a research on materials and
manufacturing process on composite solutions for door
leaves. With important fire and smoke constraints, TD 1.6
compares thermoset resins, honeycombs or foam as filling
materials and glass or carbon fibers in parallel with manufacturing process out of autoclave process i.e. infusion,
Resin Transfer Molding, hand-layup. Based on the results,
the composite leaves will be developed in a next phase.
• What is the long-term vision?
One of the main long-term targets of the railway system
is to increase the Grade Of Automation until GoA 4 level which is characterized by unattended train operation. It
means that starting, stopping, operation of doors and handling of emergencies are then fully automated without any
on-train staff.
This is a real challenge and the improvement of the doors
is a pre-requisite as their current design requires the supervision of the driver or of on-board staff to manage the
safety. To reach this goal, easy, autonomous and fluid access shall be ensured, and all accessibility concerns shall
be solved.

TD1.7 – Train modularity in use

• What initial assessment lead to the setting up of
TD1.7 within PIVOT?
The first observation is that an operator has to wait about
15 years for the interiors design to be modified during refurbishment, mainly due to cost and to the impact of the
removal of the car from the commercial operations.
The second observation is directly linked to the first one: interiors design are not or not enough scalable during the life
of the train; interiors are designed, possibly changed partially or totally, but are usually set and rarely modified. The
marketing services have to determine the interiors design
at a very early stage (atmosphere, services and comfort,
passenger equipment and layout).
On the one hand, the industrial project currently plans a
design freeze of 3 or 4 years before the date of the first
commercial operation of the first train because of industrial
process needs.
On the other hand, the European project Roll2Rail dealing
with the attractiveness of the railway has shown us that
the maximum quality view of passenger needs is about
5 years.
The train is not really adapted to follow the needs; stakeholders need to anticipate the needs and take more and
more risks because the future needs are changing rapidly
and becoming unforeseeable.
What is true for passenger space is also true for drivers
cabin. We have discussed with members of TD1.7 that today’s cabins are too expensive and too expansive. They
are complicated to manufacture and it is hard to change
equipment. In the future, there will be higher grades of au-

tomation (GoA) in Railways. We expect GoA Level4 within
the next 10 years - next 15 years at the latest. This means
that cabins built today (and which should be operational
for 30-40 years) will be completely obsolete by the time
they reach half of their lifespan.
• What is the ambition of TD1.7 ?
In this context, the ambition of the TD1.7 is to give the
keys to adapt the train: always, anytime and anywhere with
cost-effective design. It is why the Modularity of the interiors design is the red line of the project.
For Interiors, the main topic is to increase attractiveness
and we need to reduce the cost of the risk for the marketing services.
For the cabin, the main topic is to invent a minimalist and
evolutive cabin with freedom to add, delete or change any
function. The notion of the desk has to be reinvented. Another field to explore is that this driver cabin space could
be open to passengers for the passive driver cabin, which
could lead to increasing the capacity of passengers.
This implies that we need to reinvent our way of doing
things with the target of reducing by half both the cost of a
global refurbishment and the time allocated to put in place
this global refurbishment.
• Will your activities revolutionize the rail way sector?
Yes, in a way. First at all, today, an interiors design has
to adapt itself to the industrial process, to all the project
schedule and to the cost effects linked to this industrial
process. What we suggest in TD1.7 is to invent a new
generation of fixation system to allow the interiors design
to be independent of the industrial process. For example,

Figure 5: Ambitions 2022

today, the industrial process needs to know perfectly the
interiors design very early because it needs to define the
fixing points of the floor, wall panel and roof for seats, tables, lighting or luggage rack, … this implies a design freeze
milestone for technical reasons. If you imagine a fully plug
and play interiors design, your technical tube is already defined for the industrial process but you offer more flexibility
in the schedule of the project to define your interiors design and at the end more freedom of ideas because you
have broken the technical constraints. We will go from a
pre-configuration interiors design, mostly linear, to a configuration free design.
It is a way to offer the capability to propose several interiors
design in a same train and adapt, for example, the interiors
design to a line or a period of the year or just to develop
the services onboard.
For Cabin, going further than technical evolutive cabins, the
steps between today and fully autonomous train compels
us to reinvent the driving with an innovative HMI mainly

focused on human factor. We have to take into account
that the driver will no longer drive all the travel time. This
area could become a driver’s cabin « on demand ». Further
than a “super cabin” with new technologies to drive, the
use of that area will change possibly with two main modes:
the “Driving Mode” and the “Passengers Mode”. When the
space is in “Driving mode”, the driving functions are accessible and the driver uses the commands he needs. If the
space is in “No Driving mode” (rear cabin or no human
driving period during the travel) no driving commands are
accessible or useable. To succeed, the driver’s cabin of the
future does not only have to be thought of as a new object,
but also as having a new usage in a new organisation with
new partners.
For Interiors as for Cabin, “TD1.7 Modularity In Use” is a
kind of Innovative Low Cost Interiors design with the main
objective of increasing the attractiveness in order to offer
new experience on board.

4. Conclusion
Taken all together, the results of PIVOT fully fulfil the expectations. In addition, the project is able to show concrete design
approaches which are under (structural) analyses and even physical parts which will be tested in the next steps.
During the Innotrans 2018 the partners presented their progress and exhibit prototypes of the composite antenna beam and
the Austempered Ductile Iron (ADI) wheel.
In that sense, PIVOT has started to pave the way for the involved TD demonstrators of the Shift2Rail programme and will
continue to execute the work plan in the second half of the project.

Meanwhile, you can look forward to the second newsletter and follow the project news on the web site:
http://projects.shift2rail.org/pivot
You are very welcome to contact the coordinator or the work package leaders for further information.
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