Research

On the right track with a spirit of research

Bernhard Antony, Director Strategic Product Development, Plasser & Theurer, describes the department’s work.

From tedious manual work to highly

complex, semi-autonomous machines
able to analyse the condition of the ballast bed
and independently adapt to it while working, the
path of modern track construction and
maintenance is an impressive example of
technological innovation. It shows how
profoundly research and passion can shape an
industry that is now one of the main pillars of
sustainable mobility.

Hardly any other company embodies this
progress as clearly as Plasser & Theurer. The
Austrian manufacturer’s machines are in use
on every continent and have been proof of its
technological leadership in track construction
and maintenance for decades. But behind
every newly developed unit, behind every
innovative assistance system and behind
every product generation, there is far more
than just design engineering. It is the result of
intensive research and development work.

A look at Plasser & Theurer's R&D
division makes it clear that machines and
technologies for track construction and
maintenance are developed here that
contribute to making the entire railway system
more efficient, more powerful and more
climate-friendly. Research is not an end in
itself - it should directly contribute to the big
questions of mobility. How can the availability
and capacity of routes be increased? How can
work processes be made safer and more
sustainable? And how can the railway system
be strengthened further in the global
competition of transport modes?

In this article, we take a look behind the
scenes. How are research topics selected and
prioritised? How do initial ideas become
market-ready products? Which outstanding
innovations have been shaping the railway
system in the past decades and more
recently? Which current projects have the
potential to fundamentally transform track
construction and maintenance?

The track as a ‘living being’ -

systematics and disciplines

Looking at the track, you first notice the rails,
sleepers and the ballast bed. But the track
system is far more than just the sum of its
individual parts. It resembles a complex
organism - like a ‘living being’ with a wide
range of dependencies. It can only function
reliably if all components have a mutualistic
relationship with each other.

Specialists from a wide range of divisions
are needed to understand and care for this
organism. Similar to specialist doctors who
focus on the heart, lungs or nervous system,
experts at the company deal with the
individual layers and components of the track
- always with the aim of optimising details as
well as the overall system.

One of the major reasons for this
multidisciplinary approach is the special
position of the company. Plasser & Theurer is
the only supplier worldwide that develops and
delivers machines and technologies for the
entire spectrum of track construction,
inspection and maintenance. This means the
company is not Ilimited to individual
subsystems, but covers everything from the
substructure to the overhead contact line.

Bl Substructure and formation

The geotechnical engineers’ work begins with
the foundation of the track. They analyse soil
conditions, load limits and settlement
behaviour. Their findings are incorporated into
technologies that are used in machines which
install and improve the track formation. The
layers above can only remain permanently
stable on the right base.

B Ballasted track

The next layer is the ballasted track, which
has always been one of Plasser & Theurer’s
area of expertise. The ballast is not only an
elastic bed for sleepers and rails, but also a
buffer against the enormous dynamic loads
caused by train operations. Another essential
purpose of the ballast bed is drainage.
Numerous experts are, therefore, working on
the question of how the condition and function
of the ballast can be reliably recorded and
how durability and stability can be improved.
This forms the basis for technologies that are
used in machines for tamping, stabilising,
profiling and ballast bed cleaning. [1][2]

B Track panel

Anchored in the ballast bed is the track panel,
composed of sleepers, rails and fastening
systems. A particularly complex form of track
panel is the turnout with its components, such
as the movable common crossing. Here, too,
there are dedicated teams of developers
working on innovative technologies - be it for
the laying of new tracks, maintenance or
precise track geometry measurement. Tamping
machines, track renewal machines, track
inspection vehicles and equipment for mobile
rail treatment are based on this research. [3]
B Structure gauge

The structure gauge is located between the
track panel and the next level. It must remain
free of obstacles such as structures, masts or
overhanging branches so that trains can run
safely. [4] Recent developments such as
the Plasser InfraScan reliably detect
infringements of the structure gauge and can
be integrated on various machine types.
Vehicles for superstructure work are equipped

with the necessary tools to eliminate located
infringements of the gauge. Machines for
measuring and superstructure work are
equipped with technologies guaranteeing safe
operation of the infrastructure.

B Overhead contact line

In the case of electrified lines, the uppermost
level of the track is the overhead contact line.
Machines for construction and maintenance
are also part of Plasser & Theurer's
equipment portfolio.

For each of these track components, the
research department has already found
solutions that are being continuously
developed or new approaches are being
worked on. The aim is always to make the
machines even more precise, efficient and
sustainable. This is particularly true of the
area of turnout inspection and treatment. The
basis for this is an understanding of the
complex interactions between damage, forms
of wear and the high demands on the function
and safety of the turnout as a component.

How an idea makes it

onto the research roadmap

Before creating the first draft of a new design
or building a prototype, a careful selection
process takes place. Not every idea makes it
onto the research roadmap. The decisive
factor is whether a development is
scientifically feasible, strategically sensible
and of great benefit to the customer. The
following aspects aid the process of selecting
and prioritising research topics.

What is the strategic importance

of the new development?
This step involves assessing the practical
significance of a new technology. The key
questions are:
B Does it support a higher level of machine
autonomy?
B Does it increase the quality and
reproducibility of the work results?
B Does it enable higher output or
contribute to CO, reduction?

Overhead contact line

construction and maintenance

Structure gauge

measuring work, superstructure work

Ballast bed
tamping, stabilizing, ballast distributing,
ballast bed cleaning

Substructure
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Fig. 1: The railway track seen as a living being - Plasser & Theurer offer solutions for the
construction and maintenance of every railway track component.
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Fig. 2: Strategic considerations prior to creating the research roadmap aim to ensure that
new developments directly contribute to customer success.

Fig. 3: The path from specifications to a market-
ready serial product is an iterative process in
which the respective findings are
reincorporated into the design.
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Does the development offer

the customer added value?
When it comes to decision-making, the added
value for the customer is always crucial. Each
development should help with tackling the
greatest challenges. These are:
B Lack of skilled labour.
Bl Increasing demands on capacity.
Bl Tighter track possessions.
W Improving verification and documentation.

Is expertise available?
Further on in the process, the question arises
as to whether the relevant subject area has
already been thoroughly researched and the
necessary knowledge is available in the
company. If so, further development can be
carried out directly on this basis. If not, the
necessary basic research is being driven
forward in cooperation with renowned
research institutions worldwide. In this way,
completely new subject areas may also arise.

Should new technology be
implemented or existing
technology be identified?

The findings from basic research are
translated into specific parameters - such as
material parameters, design engineering
guidelines or work processes. This results in
the technologies that are later used in
machines or work units.

The Emerging Technologies department
plays an important role here. It scouts
technology worldwide, analyses global trends,
and identifies cutting-edge technologies.
Together with the research and simulation
department, it examines whether existing
technologies can be adopted or whether it is
necessary to do its own development work.

Those projects that promise solutions to
these issues are prioritised. This ensures that
new technologies contribute directly to
customer success and the success of the
entire railway system. This prioritisation
forms the basis for the actual research work.
An idea becomes a project that goes
through the various phases of development to
market launch.
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From specification

to market-ready product
The actual research work begins at the point
where specific concepts, design engineerings,
models and prototypes emerge from initial
considerations. The path from idea to market-
ready product is by no means linear,
but an iterative process in which simulations,
prototypes and practical tests are
closely interlinked. As with many modern
industries, the time to serial production is
crucial in track construction and maintenance.
For this reason, particular emphasis is placed
on an optimised development process:
W Specification - defining the performance
data and framework conditions.
B Construction concept,
detailed engineering.
W Simulation - verifying the design features
and evaluating the system behaviour.
Bl Prototyping - constructing a
functional prototype.
B Test runs on the test rig and field tests -
testing under realistic loads.
W Feedback after market launch - feedback
from early adopters and service technicians.

All the knowledge gained is continuously
fed back into the design. This ensures that
conceptual or functional deficits are recognised
and eliminated at an early stage. [5]

draft and

first

From specifications
to design drafts

It all starts with defining the requirements for
development and specifying the optimum
parameters for a particular work process. The
knowledge gained can be used to carry out a
controlled design. When designing new
constructions or revising existing ones,
Plasser & Theurer can rely on its in-house design
engineers’ decades of expertise, as well as the
experience of customers with whom it has
always maintained partnerships. This proximity
allows it to receive feedback and real-life reports
on new developments directly from the field. [5]

Simulation as a key technology
Simulation is a central component of the
development process. It makes it possible to

identify necessary design improvements at an
early stage, compare variants efficiently and
optimise them on the basis of the results.
Multibody Simulation (MBS) is particularly
important, as it allows the dynamic behaviour
of complex systems - such as tamping units -
to be predicted precisely. In addition, discrete
element method simulations are used to
model the behaviour of the ballast, for
example. Work units are also increasingly
equipped with sensors, such as measuring
tamping tines, which measure the forces
acting upon ballast penetration. This allows
simulations to be calibrated and real loads to
be precisely modelled. [5]

Test rig and prototyping

As soon as simulations and models suggest a
viable solution, a first prototype is
manufactured and tested on specially
developed test rigs. There, loads and
vibrations can be simulated and measured
under controlled conditions. Modern test rigs
are equipped with comprehensive sensor
technology and simulate realistic load
scenarios and machine settings. [5]

Field tests as the last hurdle
After successfully passing tests on the test rig,
field tests follow. They are still indispensable,
as they show how a new technology performs at
the construction site under realife conditions.
These tests often take place in collaboration
with the Strategic Product Development in
Purkersdorf or with early adopters - customers
who test new technologies at a very early stage
and provide valuable feedback. A network with
them and partner companies worldwide enables
Plasser & Theurer to test developments
internationally at an early stage.

In this way, a product is developed step-
by-step that is convincing in the laboratory
and also works reliably in track maintenance
in the field.

Feedback after market launch

for further development
Plasser & Theurer always strive to benefit
from feedback in order to develop its
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Fig. 4: The first dynamic track stabiliser in regular operation was designed as a trailer for a

tamping machine.

Fig. 5: The Japanese Shinkansen high-speed train is one of the fastest scheduled trains in the
world. Plasser & Theurer’s technology has made high-speed projects like this possible.

products further. It is provided by both its
service technicians in charge of the
maintenance work and directly by its customers.

From ideas to market-ready
solutions: past, present and

future examples
B The dynamic track stabiliser - an
historic milestone
Not every research project leads to a
revolution. But there are developments that,
in retrospect, prove to be real milestones for
the entirety of railway operations.

One outstanding development is the
dynamic track stabiliser. Defined horizontal
vibrations and vertical loads acting on the track
panel consolidate the ballast in a targeted
manner. As a result, the track’s stability right
after maintenance is comparable to that of
longer natural track settlement caused by train
traffic. Between 1974 and 1978, Plasser &
Theurer developed this technology in a long
series of tests and in close cooperation with the
French state railway SNCF. The first dynamic
track stabiliser was presented as early as 1975
at the VDEI conference in Frankfurt (now the
International Exhibition for Track Technology - iaf).

Since 1981, the track geometry for world
record runs has always been produced using
Plasser & Theurer machines. The dynamic track
stabiliser provides the necessary stability so
that the tracks can withstand extreme forces.
These success stories speak for themselves:
@® 1981, SNCF, 380km/h (Paris—Lyon).

@® 1988, DB, for the first time over
400km/h: 406km/h (Wurzburg-Hanover).

@® 1990, SNCF, over 500km/h: 515.3km/h
(Venddéme-Tours).

® 2007, SNCF, almost Maglev
574.8km/h (Paris—Strasbourg). [6]
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The dynamic track stabiliser is still
regarded as a key technology for high-speed
transport today. Without it, high-speed lines
such as the TGV, ICE or Shinkansen projects
could not have been realised that way.

B Current research projects

The research department is continuously
working on improvements. Numerous
products are currently being developed that
will  redefine the standard in track
construction and maintenance over the next
few years. Some examples include:

@® New consolidator plates for formation
installation. A stable substructure with a
formation protective layer is the basis for higher
speeds and greater loads in railway operations.

Fig. 6: Multifunctional machines such as the Plasser FormationLiner enable the formation
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Machines such as the Plasser FormationLiner
are used to that end. New consolidator plates
are currently being developed, the prototype of
which has already been installed on a test
vehicle. While the primary focus was previously
on stabilising the subsoil, it is now shifting to
increasing efficiency and data collection. In
addition to improved consolidation
performance, continuous measurement of the
work result is to be integrated in order to make
sample collection, until now performed
selectively by hand, obsolete.

@® Ongoing development of a key
technology. The dynamic track stabiliser
technology is also being further developed. The
new generation regulates consolidation
parameters automatically and makes
adjustments based on the quality of the ballast
and the condition of the ballast bed. The work
unit also serves as a measuring device that
continuously provides data on work quality and
operational safety. Horizontal and vertical
vibrations can be used to determine the ballast
bed stiffness and lateral track resistance,
which enables statements to be made about
resistance to track distortion. Another new
feature is the reliable detection of loose rail
fastenings. The first prototypes are already
being tested in trial runs.

@® Torsional vibration limiting system. One
example of research away from work units and
work processes is the specially developed
torsional vibration limiting system. It ensures
that torsional vibrations are detected and
counteracted. The term refers to high-
frequency vibrations that can occur when rail
vehicles accelerate and lead to overloading of
the axle/wheel assembly. This overload can
cause torsion or break the shaft. The system
detects such vibrations and automatically
adapts the drive torque to counteract them.
B Assistance systems - already
developed and implemented.
Digijtalisation has long since found its way into
track construction and maintenance and is
omnipresent in many new developments. It
plays a key role, especially when it comes to
supporting operating staff, increasing the
quality and performance of work, and mitigating
the shortage of skilled labour. The aim is to
make machines ‘smarter’, i.e. to enable them
to monitor, adapt and, in some cases,
autonomously optimise their processes.

protective layer to be laid while integrating ballast bed cleaning and tamping in the same
pass. The consolidator plates, shown here in red, are being developed further.
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Fig. 7: At iaf 2025, in Miinster, Germany, visitors were able to see an Unimat 09-4x4/4S E3
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® Plasser SmartTamping: digital
systems supporting the operator in
tamping - the future is now. Plasser
SmartTamping is one example of a development
on the market. This umbrella term covers all
products required for the autonomous operation
of tamping machines.

The Plasser TampingAssistant is the first
assistance system for tamping machines that
offers end-to-end digitalisation, from pre-
measuring to documentation. Al and a wide
range of sensors are used to generate action
recommendations in order to simplify work
processes. In addition to positioning and
configuring lifting and lining units and the
tamping unit itself, it also supports other tools
depending on the machine equipment. [7] This
significantly supports the operating staff,
especially in turnouts with their many obstacles.

Plasser TampingControl is another
assistance system that provides the basis for
automating the tamping process, supporting
the machine operator in creating a precise and

tamping a turnout fully autonomously. The operator seats remained empty.
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durable track geometry. The tamping unit is
equipped with sensors that enable a condition-
based tamping process. Consisting of three
individual products, it enables the automated
configuration of tamping parameters.
ForceAutomation adjusts the squeezing
force during tamping to the prevailing
conditions and, therefore, achieves optimum
consolidation and a sleeper bed that is as
compact as possible. VoidDetection monitors
the filling process and informs the operator at
the end of the tamping process whether
additional tamping should be carried out at this
point. BallastMonitoring makes it possible for
the first time to directly measure the condition
of the ballast while the tamping unit penetrates
the ballast and classifies it into four categories,
ranging from clean to at the end of its service
life. This forms the basis for the automatic
adjustment of the tamping parameters and
provides information about the ballast
condition in the entire track section being
worked on. This benefits the infrastructure

03:06

VeoidDetection

i

BallastMonitoring

——— — ——

L

Fig. 8: Plasser TampingControl supports the operator through automation of individual
phases of the tamping process and real-time feedback on the work result.
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Bernhard Antony, Director Strategic
Product Development, Plasser & Theurer.
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manager, as it can dispense with the otherwise
cost-intensive excavations only carried out at
select spots. [8]

Plasser & Theurer has stood for
innovation in track construction and
maintenance since 1953. By investing around
11% of annual sales in research and
development, the company ensures that this
remains the case in the future. It continuously
develops solutions that ensure higher working
speed, better quality and economic benefits
for railway systems and their customers.
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