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Executive Summary
This report describes work carried out in the 7th work package of the Shift2Rail S-CODE project,
entitled Evaluation, impact and future development. This report brings together the outputs of
the S-CODE project and assesses their merit in the development of Next generation switches
and crossings (S&C).
The first work package of the project reviewed current S&C and established a baseline for
existing designs, applications and performance. The key principle in the evaluation has been to
benchmark the potential of deploying the new technologies against the performance of
technologies used in current conventional S&C. This report discusses the baseline scenario
(Chapter 2) along with the objectives of the project, where its outputs sit in the context of the
broader Shift2Rail programme and specifically its contribution towards technical
demonstrator 3.2 (Chapter 3).
In order to evaluate the S-CODE technologies against the baseline scenario and the broader
objectives of the project, a framework of tools (Chapter 4) was established. The framework
included Technology Readiness Level (TRL) summary questionnaires (Chapter 5), an impact
scoring tool (Chapter 6) and a Life Cycle Cost (LCC) assessment (Chapter 7). This report also
recognises the evaluation steps that took place at earlier stages of the project.
Related technologies were grouped into technology workstreams for application of the evaluation
tools. Sub-elements within each of the workstreams were considered to contribute to the overall
development of that workstream and were not evaluated individually. Most of the technology
workstreams were focused at TRL 3–4 and evidence has been provided underpinning the
assessment of TRL, including the demonstrators that were produced under WP6.
The impact scoring tool provided a measure of confidence of a benefit in deploying the
technologies to S&C. Whilst some technologies scored score low here, they could still be worth
pursuing as these were generally the more novel solutions. It has been shown that most of the
developments offer potential benefits to Capacity, Reliability and Maintainability, but there is
less opportunity to deliver improvements to Safety, Environmental Performance and Customer
Experience.
Almost all technologies explored within the project offer a potential improvement in LCC. The
evaluation work within WP7 has sought to use LCC analysis to measure the potential benefit of
the new technologies over conventional S&C technologies. There is a compromise when
projecting quantitative improvements, required for this part project, given the lower TRLs at
which this project has been focused. The project used the impact score as a confidence factor,
for each technology, to adjust the LCC analysis. This provided a better steer as to which
technologies offer the most potential.
S-CODE has developed three concepts with differing variation from conventional S&C: one
concept is an enhancement to conventional S&C, one is a step change and one is a fundamentally
different system. The different concepts can suit different applications but many of the
technologies can be deployed to the different concepts in different combinations. Concepts for
Next generation S&C had been evaluated at earlier stages of the project and outside of the
evaluation framework used for the technologies. The outputs of the concept evaluation are
discussed (Chapter 8).
The value of integrating the different technologies is discussed (Chapter 9). Many of the
technologies developed can work in different combinations together; a few examples have been
considered in this report. In each of the technical areas, there are advantages to putting some
of the technologies together, as combined they unlock additional benefits.
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Introduction to WP7

1

The main goal of this work package is to evaluate the different technologies and concepts
developed during the S-CODE project from an industry perspective and identify the most
promising of them for further development.
For this work package, we have taken a collaborative approach in which both industry members
and technology developers of the consortium have worked closely to assess the benefits and
drawbacks of the technologies developed during work packages 3 (Next generation control
monitoring and sensor systems), 4 (Next generation design: materials. and components) and 5
(Next generation kinematic systems: actuators and mechatronics).
This assessment has been carried out from three main points of view:
•

•

•

Technology Readiness Level (TRL): we will summarise in section 5 the level of
development of each of the technologies developed. It will consider what has been
achieved for each development against what the project set out to achieve as
summarised in the WP3, WP4 and WP5 roadmaps.
Impact: Reliability, Availability, Maintainability and Safety (RAMS), together with
Capacity will be the main drivers of this evaluation (see section 6). Each of the
technologies were benchmarked against conventional S&C using core high-level
parameters identified from WP1. Each of the parameters used in the assessment is
weighted through a process of assessing the relative importance of each parameter
against each of the other parameters. Each parameter has also been aligned to the
Shift2Rail TD3.2 Multi-Annual Action Plan (MAAP) objectives (this alignment is further
explained in section 3).
Life Cycle Cost: A baseline cost model has been developed to evaluate the potential LCC
improvement over conventional S&C, through the application of each S-CODE
technology. The baseline cost model is an evolution of the model used in the INNOTRACK
project and can be found in section 7.

For this purpose, the consortium has established a framework which will be defined in section 4
along with the thorough process we have followed for assessing the technologies. This process
included several reviews and workshops held to ensure all perspectives were consistent in the
application of criteria and that objectivity and evidence were the main foundation of this
assessment. Also, to ensure a seamless transition to the IN2TRACK2 project, the S-CODE
consortium has counted on the collaboration of Network Rail members to obtain feedback
regarding our assessment of the technologies and the recommendation of the technologies that
should be taken forward.
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Current S&C scenario

2

This section benchmarks current S&C following the analysis carried out in WP1; this sets out the
baseline used in evaluation of the different innovations developed throughout the project.
S&C life cycle

2.1

In WP1 of the S-CODE project, a baseline scenario was captured describing the current situation
and features of the S&C in the railway infrastructure. The definition of these scenarios was based
on the outcomes and conclusions of previous research projects such as INNOTRACK, Supertrack,
RIVAS, In2Rail, Capacity4Rail, etc., and the expertise of the industrial partners involved in the
project.
The S&C life cycle can be divided into stages: design, manufacture, installation, maintenance,
renewal and decommissioning. Each stage has its own characteristics and constraints which were
identified, analysed and included in the baseline scenario in deliverable D1.1 (1) and have been
summarised below.
Design
During the design stage, all the aspects involved in the performance of S&C must be taken into
account, as summarised next:
•
•

•
•
•

The switch rails can be actuated via manual, hydraulic, pneumatic or electromechanical
mechanisms, simultaneously or with a specific time interval.
S&C are subjected to high dynamic loads due to their geometric features, the
discontinuities between their elements, and the heterogeneity of these elements
(according to their mechanical properties).
Consequently, these loads, which are also influenced by the degradation and anomalies of
the track, have a great impact on deformation, degradation and wearing processes.
Heat is a parameter to be taken into account during the design stage due to the loads and
deformations that it can introduce in S&C.
S&C can be designed for straight as well as curved sections; however, it is recommended
that S&C are installed in straight sections of the track where possible.

In general terms, the key parameters that define the S&C geometrical design are summarised
below and explored further in section 5:
•
•
•
•
•
•
•
•
•

Curve radius in the diverting direction
Maximum speed in the curved direction
Switch angle
Maximum transversal acceleration (non-compensated, acting on passengers)
Then, taking into account all of these parameters, the length of the switch can be
defined
Additionally, there are many other parameters with influence in the geometrical design
of the S&C (width of the line, track gauge, etc.)
Speed in straight branch due to structural design, angle etc.
Switch layout tangent/intersecting (geometry of switch rail), structural gauge widening
due to the arrangement of switch and stock rail
Sleeper and bearer spacing, installation of trough sleepers for Points Operating
Equipment, sleeper or bearer material (wood, concrete, steel, composite), Y-sleepers,
installation of USPs, the arrangement of sleepers behind the crossing panel
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The following tables represent the main characteristics of S&C in two different European
countries:
Table 1: Main characteristics of S&C in Spain
DS-C-60E1-500-0,075-CR
Rail type

60 E1

Tangent

0.075

Rail gauge

1668 mm

Maximum speed straight track

200 km/h

Maximum speed diverging track

60 km/h

Diverging track geometry

Curve radii: 499.166 m

Bearer material

Wood

Fastener type

SKL 12

Expansion unit

NO

Table 2: Main characteristics of S&C in Czech Republic (whole network)
DS-C-49E1-300-0,11-CR
Rail type

49 E1

Tangent

1:9

Rail gauge

1435 mm

Maximum speed straight track

160 km/h

Maximum speed diverging track

50 km/h

Diverging track geometry

Curve radii: 300 m

Bearer material

Wood or concrete

Fastener type

SKL 24

Expansion unit

NO

Page 8 of 112

Manufacture
Turnouts are assembled firstly at the factory. Then, according to the transport possibilities and
the customer’s requirements, they are transported to the destination in parts (switch panel,
closure panel, crossing panel, infill panel), partially disassembled (e.g. half of the switch, crossing,
bearers) or a combination of both. Many of the tests to ensure the quality of the S&C are carried
out in the production facility (some are also verified after their installation).
During acceptance by the customer, the documentation is submitted to the customer (certificates,
assessments of testing – hardness measurements, penetrating test, ultrasonic test, etc.). During
usage in the customer’s network, the wear of some parts occurs. Therefore, it is necessary to
carry out periodic inspections and maintenance work of the exposed turnout parts (tongues,
crossing and check rails).
A crossing can be manufactured in different ways. The standard manufacture procedures are
listed below:
•
•

•
•
•

•

Built-up crossing made from rail profiles.
Made from special rail profiles and also from special semi-products (forgings). In this
category, we can also include crossings with a cast central part, which is surrounded
by rails and bolted by screws – type INSERT.
Made from special rail profiles, but with a cast manganese nose.
Cast crossing (mono-block) – from manganese or bainitic steel.
Shortened mono-block (the site of wing rails and nose is cast; the second part is
assembled) – shortened cast crossing from manganese or bainitic steel with bolted
wing rails made from rails.
Moveable point frog.

The switch blades are attached to the intermediate rails by means of:
•
•
•

Electric or thermo-welded welding;
A normal joint and fishplates or;
An insulated joint.

Installation
The S&C are commonly preassembled in the factory and are transferred to the worksite using
special wagons. The loading, transport and unloading process will be carried out with the
necessary precautions as defined by the supplier. For unloading, self-propelled cranes will be used
with a specific tool designed for this purpose, which helps to unload all the elements of the turnout
without conferring permanent deformations.
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The installation procedure can be summarised as follows (description based on PEM-LEM –
Telescopic Switch Handling Machine & Motorised Lifting Transportation Trolley – methodology):
•
•

•
•
•
•
•
•
•

•

Lay out turnout by arranging the necessary vertical elements on both sides of the
platform and outside the working area reserved for the assembly machinery.
Preparation of the ballast. After removing the temporary track (in case of PEM-LEM if
necessary), the process continues with conditioning of the ballast in order to dispose
the S&C and all the sleepers from the transition area to the direct track.
Final assembly of the preassembled turnout.
Tamping and stabilisation. Once the S&C is already placed and connected, the
process continues with its integration into the geometry of the rail track.
Then, the actuators and testers are installed after temporary immobilisation of the
device.
Final tamping after assembly of the actuators (and after covering them).
Integration into the signalling control once all the actuators are assembled.
Finally, the second levelling and second stabilisation layers are carried out.
Welding (after the final levelling but before train operation), including the installation
of insulation joints.
If needed, there will then also be the installation of temporary control, command and
signalling.

Maintenance
Maintenance is one of the most important parts of the S&C life cycle; it is driven by the
performance of the system and significantly impacts the costs and resources needed. There are
diverse types of strategy regarding maintenance. Probably the three more widely implemented
are:
• Corrective maintenance: based on the execution of a certain activity to solve an
incident after it has occurred. The goal is to return the system to its original situation
as quickly as possible. Taking into account the nature of the interventions, they can be
palliative, if they are not definitive and are applied in order to restore the service as
soon as possible, or definitive if the problem is fixed after the intervention.
• Preventive maintenance: carried out according to previously established criteria
with the objective of eliminating or reducing the risk of failure or minimising the wear
of the system components. These criteria can be based on systematic and periodic
planning of works or can be conditioned to predetermined limits of the parameters that
define the state of the system.
• Predictive maintenance: based on the prediction (or early detection) of the real
causes of failures to define the optimum moment to carry out the maintenance
activities, reducing breakdowns and downtime.
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The inspection of a series of parameters of the superstructure in general, and S&C in particular,
is a key task during the maintenance stage. This inspection process includes the following aspects:
•

•

•

•

Geometric inspection of the track
 All parameters related to the geometry of the track are collected and
stored by a special vehicle.
 These defects are associated with dynamic overload which causes
rolling contact fatigue and, consequently, vibrations and discomfort.
 Longitudinal and transversal levelling.
 Warping defects and other parameters related to the alignment,
cant, track gauge or profile of the track.
 This type of inspection is usually carried out once every 15 or
30 days and less frequently on lesser used routes.
Dynamic inspection of the track
 The main objective of dynamic inspection of the track corresponds
to the assessment of the lateral bogie and vertical axle box as well
as lateral and vertical car-body accelerations.
 Then the results are compared with the predefined thresholds in
order to determine the points where the limits have been exceeded.
 This type of inspection is usually carried out once a month on main
lines and less frequently on lesser used routes.
Ultrasonic inspection of rails
 The main objective of ultrasonic inspection of the rails corresponds
to the detection of longitudinal defects in the rail heads.
 This type of inspection is usually carried out once or twice a year,
depending on the railway management.
Visual inspection
 The visual inspection is performed by specialists who inspect the
track on foot.
 During the process, all the elements of the superstructure are
evaluated, such as ballast, sleepers, fasteners, rails, etc.
 This type of inspection is usually carried out twice a year.
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After the inspection process, when the parameters exceed the predefined limits or according to
the specialist criteria, different maintenance activities need to be performed. These maintenance
activities can be summarised as follows:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Strengthen sleepers by banding;
Materials forecast;
Cess and drainage system cleaning;
Unloading and storage of ordered materials;
Weed clearance;
Bolt lubrication/greasing;
First pass of the switch or construction tamp;
Replacement of rail, half-set of switches, crossing nose and life expired guard rails;
Placing shims/packers;
Survey and grease fish plates;
Check insulated rail joint;
Remove, clean and grease all the bolts;
General tightening of the bolts;
Tamping;
Digging out/removing contaminated ballast;
Spacing and squaring of sleepers;
Second pass of the switch or design tamp;
Adjusting gauge of rail with points set in normal direction;
Adjusting and tightening of stress transfer and heel blocks;
Adjusting gauge of rail with points set in reverse direction;
Building up the crossing nose by means of arc welding;
Patch repair of sleepers (normally using resin) and spot re-sleepering;
Torqueing/tightening or reinstalling fastenings;
Pad, clip and insulator renewal/replacement;
Points Operating Equipment (POE) checks and adjustments. Facing Point Lock testing
and adjustments;
Marking up lifts and slews required;
Levelling, aligning, tamping, ballast regulation and dynamic track stabilisation;
Rebuilding or building up running rail head by arc welding;
Grinding of crossing nose or switch running rails;
Ballast shoulder regulating;
Clearing site and tidy up (grass, dead animals, etc.).

Renewal
The renewal process needs heavy machinery, especially large cranes, as the S&C is previously
assembled in the factory and installed in its final location. This pre-assembly and diligent handling
provide a series of advantages such as better quality, precision improvement and quick
installation; however, it also implies a bigger investment in logistics. In order to minimise the
disturbance to the network, the process is usually quick and is carried out during the night. It can
also be planned to affect the service only for one track (on lines with double track).
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In order to decide between renewal, refurbishment (more associated with maintenance) and
decommissioning (and installation of the S&C) in another location, it is necessary to evaluate
some key aspects:
•

•
•
•

Cost; likewise, the final cost of the action depends on:
 Location;
 S&C condition and type of problems the asset is experiencing;
 Site access and other logistic issues;
 Design layout (in case of renewal);
 Environmental conditions.
Risk associated with the S&C
Network disturbance
Lifetime of the infrastructure

Decommissioning
In accordance with the previous section, the decommissioning decision should be based on factors
such as cost, location, associated risks, S&C conditions, recurrent problems, etc. However,
generally, when an S&C is not really needed, the best practice is to remove it. It should be stated
that, in some countries, such as the UK, there are ‘switch recycling centres’ which allow
refurbishment and reuse of some S&C/components.

Available technologies in S&C

2.2

The following section is a brief review and evaluation of the ‘state of the art’ surrounding S&C in
track-based transport systems.
•

Conventional S&C

Since the inception of the railways, only a handful of switch types/designs have been used. One
such form of switch as shown in Figure 1 has been used for a very long time and is still being
used.
Guide rails

Switch blade/tongue rail

Nose/Frog

Wing rails

Figure 1: A typical layout of a turnout on railway line

The switch shown above comprises switch blades that are connected through stretcher bar(s).
The stretcher bars set the optimum separation between the switch blades such that one of the
blades eliminates the gap between itself and the adjacent rail whilst, at the same time, the other
blade creates the gap between itself and the adjacent rail.
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Conventional switches use translational motion where the switch blade is dragged across to bring
it close to or apart from the stock rail. To alleviate the frictional forces, rollers are widely used
nowadays. Currently, a number of turnout roller systems exist in the market and are installed in
tracks.
•

High-speed rail switches

The development of high-speed (> 250 km/h) trains led to the development of high-speed S&C.
Track switching at high speed requires a greater radius of curvature and this results in long switch
sections and acute crossing angles. A long switch section requires multiple actuators along its
(tongue/blade) length. The large gap results in the crossing needing to be filled so that the train
can be supported continuously throughout its travel through the S&C. The gap in the crossing is
addressed by either using the concept of a ‘swing nose’ or by ‘moving wing rails’.
•

Continuous Main Line Rail Turnout

In the Continuous Main Line Rail Turnout concept, the train has a fixed stock rail along the straight
route, allowing it to pass through without altering its speed. Diverging trains pass through the
switch at lower speed, where the wheels are lifted slightly using the ramp on the switch blade,
and they cross over the main stock rail.
•

Flange bearing

In some cases, train wheels can be supported from underneath the wheel flange, which is
commonly known as flange bearing.
•

Rack or cog rail

Mountain railways present a unique challenge to climbing as conventional rail–wheel adhesion is
not strong enough. They often use a ‘rack and pinion’ mechanism to climb along using the stock
rails as a guide. There has been development of panel-based switches which are probably more
favourable due to their simplicity and because they do not have crossings. The possible routes
are laid out on the panel and so the panel is either slid across or rotated around the track’s
longitudinal axis to select the appropriate route.
•

Monorail

As the name suggests, a monorail system consists of a vehicle travelling on a single rail or beam.
Broadly, monorails can be categorised into (a) supported monorails where the vehicle body is
above the wheels and supported by the guideway underneath and; (b) suspended monorails
where the vehicle body is underneath the wheels and the whole vehicle hangs from a guide beam.
The switches on a monorail offer continuous paths. This is because the section of the beam, often
flexible, can be slid across to create a new path, similar to stub switches in a conventional railway.
•

Guided vehicles

Rapid transit vehicles (often rubber-tyred) are usually guided through beams/rails (as in a
monorail) in the middle of the track or via side beams/rails. Where the vehicle is guided through
a central beam/rail, to change the track, the joining beam is moved laterally to connect to the
desired route. The switch section for laterally guided vehicles, such as found in the Dashaveyor
system, is an interesting one as the section of the switch sinks down to give way to the vehicle
so that the remaining section helps guide the vehicle towards the desired path. Vehicle-based (or
onboard) switching is also employed in laterally guided transit modes where an arm is stretched
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out from the vehicle in the direction that it wants to go. Once it catches the guideway on the side
of desired direction, the vehicle is automatically steered in that direction.
•

Maglev

Since maglev systems use a similar guideway structure to monorails and guided vehicles, the
switches for maglevs are also similar to those of monorails and guided vehicles. Beyer et al. in
2007 and more recently, in 2016, Li et al. proposed an electromagnetic turnout where the turnout
has no moving parts but only permanent magnets and electromagnets. Electromagnets are placed
in the turnout, and the electrical current can be reversed in order to switch the direction of the
track.
S&C requirements

2.3

In D1.1, the requirements for current S&C were detailed. A summary is included here for
reference, as some of these requirements have been considered in the evaluation process for the
new technologies and concepts developed within the project. Please note that some of these
requirements may not apply to the different technologies/concepts developed due to their
disruptive nature.
Geometrical requirements
The main geometric parameters of a track which need to be maintained in S&C are:
•
•
•
•
•
•
•
•

Horizontal curvature
Vertical curvature
Track gradient
Track gauge
Track distance
Maximum cant deficiency
Cant deficiency change ratio
Rail inclination

The two main geometric characteristics related to the wheels of the vehicles that will run through
an S&C are:
•
•

Wheel profile: rim width, flange width, flange height, flange face
Equivalent wheel conicity

Mechanical requirements
•
•
•
•
•
•
•
•

Non-setting subsoil
High quality of supporting structure
High quality of earth work
Adequate track stiffness
Track resistance to vertical loads
Track resistance to longitudinal loads
Track resistance to lateral loads
Compatibility with bridge movements
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Environmental requirements
•
•
•
•
•

Use of waste materials
Non-contaminant leachate
Airborne noise
Vibrations and structure-borne noise
Possibility to install noise and vibrations absorbers

The TSI Noise defines the maximum noise levels for stationary and pass-by noise of rolling stock
on defined rail reference tracks and at defined speeds. There are no specific limits for trackside
noise, although the reference value is for traditional ballasted track with wooden sleepers.
Referring to this basic value, the noise radiation of a slab track area is about +5 dB, so mitigation
measures in this type of infrastructure have to be considered in the design.
Construction requirements
•
•
•

Fast construction
Modularity
Easy transport of precast elements to construction site

Maintenance requirements
•
•

Low maintenance
Easy replacement of aged or worn S&C components

Operational/safety requirements
•
•
•
•
•
•
2.4

Compatibility with linear eddy current brakes
Electromagnetic compatibility
Signalling and electro-technical equipment
Earthing of the metallic parts
Electrical isolation of the rails: according to the TSI, the minimum design value for
electrical insulation of rails is 3 Ωkm in wet conditions
Facilitation of drainage
RAMS analysis

In D1.1 (1), a RAMS analysis was carried out to evaluate the Reliability, Availability, Maintenance
and Safety with regard to S&C performance.
Reliability
Reliability analysis studies the probability of a device performing the required function during a
given time interval. The target of Reliability predictions is to estimate the failure probability based
on the failure probability of the elements, taking into account their operational and environmental
conditions. A summary of the typical failure modes in current S&C is shown in the next
subchapter.
The Reliability of a system or a service is a fundamental parameter for verifying if it is working
properly. It can be set by the reliability of the components, and its study will be used as a measure
of the failure probability of an element of the system over time.
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Availability
Availability is the ability of a product to be in a state to perform a required function under given
conditions at a given instant of time or over a given time interval assuming that the required
external resources are provided.
This parameter will measure the ability for system use, guaranteeing continuity of the system
with all its benefits. Therefore, in this study, Availability will be considered based on delays. This
Availability will consider the effects on the commercial operation of the service and the failure
parameters of the system.

Maintainability
Maintainability is defined as the probability that a given active maintenance action can be
carried out within a stated time interval when the maintenance is performed under stated
conditions and using stated procedures and resources.
The Maintainability parameters express the capacity of a subsystem to be maintained and
restored to be operational, taking into account specific conditions, procedures and established
resources.

Safety
Safety is the lack of harmful risk. A Probabilistic Risk Assessment (PRA) could be performed,
which multiplies the magnitude of possible adverse consequences and the probability of these
consequences happening, hence quantifying the total risk. However, in this study a PRA will not
be performed due to the lack of information. Instead, the threats and dangerous situations have
been identified, and all the incidents or accidents that require some investigation due to fatalities
or serious injuries have been analysed.
The data analysed has been obtained for different railway line typologies in order to compare the
RAMS parameters among them. Hence, the analysis has been carried out using data from three
different high-speed lines, conventional lines, metro (underground, subway) and a tram line.
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Summary
The main parameters obtained for current S&C under WP1 are summarised in Table 3.

MAINTENANCE

AVAILABILITY

RELIABILITY

Table 3: Summary of the main RAMS parameters analysed in WP1
Parameter

Units

H.S. Madrid
– Sevilla

Section of
Calatrava

Section of
Calatayud

H.S. Madrid
– Valencia/
Alicante

Tram
Barcelona

Conventional
French lines

Failure rate
(λ)

fail./year

739

112

122

140

0

150

Failure rate’
(λ’)

fail./S&Cyear

1.8

1.6

1.1

0.85

0

-

MTBF

days/fail.

0.51

3.3

3.0

2.67

-

2.4

MTBF’

months
S&C/fail.

6.96

7.63

10.61

16.69

-

-

MDT

min

63.16

64.36

70.58

-

0

-

MA

%

98.16

98.64

91.30

-

100

-

Severity

-

Affectation

fail. with
delay/year

-

-

27

-

-

MTTR

min

28.67

33

-

-

6 months
(preventive)

Most
common
type of
failures

-

- Punctual

- Punctual

- Punctual

- Mechanical

- Mechanical

- Electrical

-

CottersChanged (0.56
times/year)
Fixed (0.54
times/year)
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Failure modes

2.5

The most relevant failure modes in current S&C are listed below. More information can be found
in D1.1 (1).
Track system

2.5.1

Switch and stock rail assembly
•
•
•
•
•
•

Spalling of stock rail
Lipping
Soft spots in the running surface
Non-compliance of narrowest flangeway (residual switch opening)
Incorrect lateral attachment of switch rail
Broken cast items

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Progressive transverse cracking
Shelling of the running surface
Shelling of the gauge corner
Head checks
Squats
Squats on moveable crossings
Subsurface-initiated fatigue
Fatigue from weld repair
Fatigue from machining stress raisers
Transverse fracture from corrosion pit
Wheel burn
Short-pitch corrugation
Long-pitch corrugation
Imprints
Abrasive wear

Rails

Moveable crossings
•

Plastic deformation of the crossing nose

Fixed crossings
•
•
•
•
•
•
•
•
•

Casting defect leading to cracking
Transverse crack on the crossing nose
Transverse crack on the crossing bottom
Spalled weld deposit
Plastic deformation of the crossing nose
Loosening of crossing screws
Material breakouts on manganese crossings
Plastic deformation of wing rail
Spalling of crossings

Check rails
•

Excessive wear on check rails
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Plates
•
•
•

Contamination/excessive wear of slide plates/sliding inserts or roller systems
Break of plates/check rail chair
Side plate insert (PIN) failure

Fastening material
•
•

Breakage/loosening of fastening elements
Broken bolts/screws

Bearers
•
•
•

Rotten/broken timber bearers
Cracked/broken concrete bearers
Misaligned bearers

Driving and locking device
•

Breakage of stretcher bar joint

Ballast bed
•

Large variation of track position in crossing panel
Points Operating Equipment

2.5.2
•
•
•
•
•
•
•
•

Back-drive mechanism including out-of-adjustment, loose and worn components
Point motor including adjustment of clutch, springs and incorrectly set up components
Points failing to move including incorrectly set up components
Incorrect detection assembly
Points failing to detect
Supplementary detection failure
Clamp-lock mechanism requiring adjustment
Locking mechanism requiring adjustment
Other failure modes

2.5.3
•
•
•
•
•

•

Ballast within the points which then requires the switch to be adjusted.
Poor track quality which requires the switch to be adjusted.
Thermal expansion which requires switch to be adjusted.
The loads (vertical and horizontal loads) may lead to localised increased rates of track
substructure degradation and track superstructure component damage.
Train loads transmitted as stress to the ballast surface are more variable at S&C. This
is a result of changes in rail bending stiffness particularly near the crossing nose,
elongated bearers see-sawing between adjacent tracks rather than uniformly deflecting
vertically, and the dynamic increments of vertical and horizontal load that occur both
by design changes and through wear and tear on the wheel/rail running surface.
Unbalanced settlement of longest bearers in crossings.
• Extreme rail deflection in the crossing area, at trough sleepers or bearers with
installed POE or CCS components.
• Lateral permanent deformation of the crossing panel due to lateral forces
originating from guidance by the check rail.
• Lateral plastic deformation of the tip of the switch rail.
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• Electrical failures are typical along with failures derived from physical obstacles (a
ballast stone within the S&C mechanism).
• Wear of the crossing nose connected with rail fatigue failures.
• Overloading of ballast bed leading to the deterioration of track quality, uneven
support of bearers or steel trough sleepers, or cracks in welded baseplates.
• Assessment of component wear through measurement and evaluation of vibration
parameters, prediction of wear and definition of the time of maintenance impact,
repair or renewal.
• Protection of ballast bed against extreme loading, homogenisation of track
stiffness, modification of the dynamic behaviour by rail pad stiffness and
installation of USP (both simultaneously).
• Uneven settlement of long bearers because of an unsymmetrical load of turnout
branches.
• The new design of POE (see demands above), actuating of long turnouts, S&C
with moveable parts, flat turnouts with a small angle.
• Minimisation of supplementary machining of rails, especially drilling, e.g. of the
switch and stock rail.
• In general terms, any failure that requires the movement of personnel onsite to
fix it, as well as any broken element in the S&C, has an important impact on cost.

2.6

Digitalisation & BIM

Although the use of BIM (building information modelling) is a common practice in most building
projects, it is not widely used in the infrastructure sector. The reasons are related to the current
software problems of linear projects in the development of 3D models, the poor connectivity with
other design software, and the lack of standardisation. However, the trend is to increase the use
of BIM, taking into consideration the potential benefits this technology provides during all the
stages of the project: planning, design, construction, maintenance and operation.
The application of BIM in the context of S&C is discussed in deliverable D6.1 (2).
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Economic and social impact

2.7

Any railway system has a great influence and repercussion on the area where it operates. From
the point of view of the infrastructure, this influence can be measured in terms of initial
investment, operation costs, maintenance and renewal costs, risk management, etc. However,
there are other socio-economic factors that should be taken into account which are related to the
service that the infrastructure provides. Therefore, a disruption in the service affects many people
and causes delays that imply many unproductive hours with their associated cost. Safety (of
passengers, workers, machinery, freight, environment, etc.) is also an extremely important factor
the infrastructure must ensure.
The maintenance and costs associated with S&C can represent 25% of the total budget, which is
remarkable taking into account the percentage of the length of the network they represent.
According to the In2Rail project and as a representative example, in the UK alone, failures related
to the POE system cause more than 500,000 delay minutes and imply a cost of £46.5m/year.

Environment & climate change

2.8

S&C become key elements to achieve the environmental goals related to transport infrastructures
that have to be met in the coming years:
•
•
•
•
•
•

Low noise impact
Low vibration impact
Better landscape integration
Low energy consumption during production
Low energy consumption during operation
GHG emissions reduction

Obviously, these objectives should meet the objectives of the Roadmap 2050 that proposes 50%
reduction of GHG by 2050.
Transport infrastructures are elements that are very exposed to the possible adverse effects
derived from climate change, as summarised below:
•
•
•

•
•

They are very sensitive to weather conditions.
Design and operation are heavily affected by potential hazards and/or natural
disasters.
They are totally influenced by the surrounding underground, so they are strongly
influenced by changes in their morphology and/or properties (physical, chemical,
structural, etc.).
Infrastructures imply a strong investment.
Disruptions in the service, operational failures or other unforeseen events (such as
accidents) have great economic and social repercussions.
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3

Broader Shift2Rail context

3.1

S-CODE as a part of TD3.2

The development of all work packages of this project has been carried out bearing in mind the
Shift2Rail context and mail goals set forth in the Shift2Rail MAAP (3), its vision and its roadmap.
The Shift2Rail Master Plan (MP) provides a high-level view of what needs to be done; it explains
the why and establishes target timeframes. The document sets the framework for the research
and innovation (R&I) activities to be performed within and beyond the Shift2Rail programme and
the deployment activities to be carried out by all operational stakeholders, coordinated to achieve
the Single European Railway Area.
The Shift2Rail MAAP translates the Shift2Rail MP into detailed, result-oriented R&I activities to be
performed to start delivering the Shift2Rail vision from 2014 onwards.
The practical demonstration of Shift2Rail R&I activities is being carried out using a combination
of single technology demonstrators (TDs), integrated technology demonstrators (ITDs and the
resulting Innovation Capabilities) and system platform demonstrators (SPDs).

Figure 2: Shift2Rail technology demonstrators (TDs), integrated technical demonstrators (ITDs)
and system platform demonstrators (SPDs)

As indicated in the Shift2Rail MP, the work conducted within the Shift2Rail programme is
structured around five asset-specific Innovation Programmes (IPs), covering all the different
structural (technical) and functional (process) subsystems of the rail system. These five IPs are
supported by work in five crosscutting areas (CCA), covering themes that are of relevance to each
of the projects and which address the interactions between the IPs and the different subsystems.
This overall programme structure is shown in Figure 3, below.
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In particular, this project aligns with IP3: cost-efficient, sustainable and reliable high-capacity
infrastructure, covering the different structural (technical) and functional (process) subsystems
of the rail system.

Figure 3: Shift2Rail IPs

Their contribution to achieving the necessary capabilities that will realise the vision is being
assessed though the completion of building blocks. A building block is understood as a complete
and distinct enabler of one or more capabilities which is formed by TD outcome(s).
For IP3, the following diagram summarises the building blocks associated with the various TDs
planned and their related deliverables.
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Figure 4: Technical demonstrators under IP3
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The overall aim of the S-CODE project is to investigate, develop, validate and initially integrate
radically new concepts for S&C that have the potential to lead to increases in Capacity, Reliability
and Safety while reducing investment and operating costs. It contributes this way in order to
achieve the objectives set out in the Shift2Rail MAAP. Full-scale prototypes are not part of the
scope of the project, so S-CODE is framed within TD3.2.
To take advantage of the opportunities and to realise the vision defined in the MAAP, the railway
needs to put in place a range of new Innovation Capabilities. These will enable the sector to
produce value-adding products and services. As an example, the capability to run trains much
closer together would allow a dramatic increase in service frequency and network capacity, with
higher system utilisation and related revenue adding significant value to railway businesses.
3.2

S-CODE interfaces with other projects

The following picture describes the timeline in which the S-CODE project is framed, how earlier
stages of the project have also considered the outputs from other projects such as In2Rail, and
how S-CODE will feed into follow-on projects like IN2TRACK2 for further development. In fact,
the S-CODE consortium has counted on the collaboration of Network Rail members working on
the IN2TRACK2 project to ensure a seamless transition particularly for this WP7, in order to obtain
feedback regarding our assessment of the technologies and the recommendation of the
technologies that should be taken forward.

Figure 5: S-CODE relationships to other projects

Page 26 of 112

MAAP objectives

3.3

The project undertook a review of the MAAP document and identified the following objectives for
TD3.2.

•

New methodologies for track switching (radical)

•

Reduction in failure modes (less complexity)

•

Inherently weather-resistant system

•

Scalability and applicability across a range of geometries, tonnages and speeds

•

Future-proofed for mechatronic steering bogies

•

Less energy-intensive to manufacture

•

Reduction in noise and vibration (3 dB peak noise reduction)

•

Improvements in ride quality

•

Reduced possession times for installation and maintenance

•

Reduction in maintenance costs

•

Reduction in manufacturing costs

•

Reduction in installation costs

•

Increased life expectancy

Furthermore, the document also provided a steer for a number of technological areas of focus:

•
•
•
•
•
•
•
•
•

Rail steels to resist abrasive wear (nanotechnology for metallurgy)
Optimisation of track support conditions and transition zones
Reduction in wheel/rail dynamic forces
Automated manufacture, installation and maintenance
Alternative signalling philosophy for S&C operation
Self-adjusting
Self-healing
Adaptive control
Self-diagnostics (real time)

All of these elements from the MAAP were combined with the baseline requirements discussed
in Chapter 2 and factored into the evaluation process discussed in the subsequent chapters of
this deliverable.
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4

Framework for the evaluation

4.1

Concepts and technologies

This deliverable document refers to both the concepts and technologies that this project has
considered. It is important to distinguish between the two when considering the project’s outputs
and how they have been evaluated.
The term ‘concepts’ applies to a philosophy for the next generation of S&C; i.e. the conceptual
arrangement and movement of components to allow the switching of trains from one track to
another. The concepts were evaluated at earlier stages of the project and were not evaluated
using the framework discussed here. A summary of the concept evaluation is discussed in
Chapter 8.
The term ‘technologies’ refers to the development of materials, components or processes that
could be applied to one or more of the concepts. It is these technology developments of the SCODE project that have been evaluated using the framework discussed here.
Many of the technologies developed through the project can be applied to different concepts;
this is explored further in Chapter 8. It is important to note that a conventional S&C is also
considered to be a concept to which technologies can be applied.

4.2

Evaluation at earlier stages of the project

Throughout the S-CODE project phases, evaluation activities have taken place to ensure the
prioritisation of effort has been in the most promising area.

Figure 6: Phases of the project and project philosophy
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In WP2 (4), a range of different concepts for switch operation were evaluated using a Pugh matrix
to benchmark the respective merits of each concept against conventional S&C. This led to five
concepts being taken forward and explored further in WP5.
WP5 used SWOT (strengths weaknesses, opportunities, threats) analysis to evaluate the benefits
of each type of concept and the challenges that need to be overcome to realise them.
Within WP4 (D4.1 (5)), SWOT analysis was used to focus in on the materials that provided the
best opportunity for Next Generation S&C.
Throughout the delivery of the technical work packages 3, 4 and 5 and development of the
demonstrators, WP7 has been closely integrated to understand the developments and feed the
learning directly into the evaluation. Figure 7 below illustrates how evaluation has been used
through the project and how the different elements of the project feed into the evaluation
presented in this deliverable document.

Figure 7: Evaluation process throughout the project

Evaluation process used within WP7

4.3

Three main tools have been used in WP7 to support evaluation of the S-CODE project outputs.
Each of the tools is discussed in more detail in the respective chapters of this document as set
out below:
•

TRL summary forms (Chapter 5)

•

Impact scoring (Chapter 6)

•

LCC assessment (Chapter 7).
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The principle of the evaluation is to benchmark the S-CODE developments against conventional
S&C. Thus, factored into the tools are the requirements developed from the baseline system in
WP1 and the Shift2Rail objectives for TD3.2 described in the previous chapter.

MAAP
WP1
Requirements

Baseline
system

Evaluation Criteria
Figure 8: Development of evaluation criteria

It is important to note that not all of the technologies explored within the S-CODE project have
been evaluated using these tools. Some of the technologies considered within the technical work
packages 3, 4 and 5 and discussed within the respective deliverable reports were at a very low
TRL and whilst considered and discussed by the project they were not taken forward for further
development. The evaluation tools have been applied to the technologies that align to the
demonstrators developed in WP6 (2); see Table 4.

An evaluation workshop was held, with representation from all of the project work packages, to
review the initial application of the tools. This provided an important check and identified some
areas where the tools were not applied consistently across the project. The workshop discussion
enabled a refinement of the tools and guidance, which helped produce a consistent output across
the project.

Page 30 of 112

5

TRL summaries

5.1

Alignment to WP3, 4 and 5 roadmaps

Earlier in the project, three roadmaps were produced, one for each of the technical work
packages. These roadmaps set out the things that the project would explore and develop. For
technologies at the very low TRLs, the project would consider potential future applications; for
the technologies at the very high TRLs, the project would consider how they could be integrated
with other ideas to support the development of Next Generation S&C.
The majority of the technologies focused on development activities at TRL 3–4. Table 4 shows
the individual technologies developed within the project, how they align to the workstreams
within the project road maps and which of the project demonstrators correspond to those
workstreams.

Technology summary forms

5.2

WP7 set up a standard template in order to capture the key information for evaluation of the
technologies. The template was generated as a form populating a SharePoint list. The idea of
adopting this process was that each of the technology leaders could populate the forms with the
relevant information as their development work progressed through WP3, 4 and 5. The additional
benefit of adopting this approach was that colleagues from across the project had a single source
of information to reference, review and comment on. This repository of information was then
used as a point of reference for evidence to demonstrate how the technologies have been
developed within the project for application on a Next generation switch.
The template forms were set up to answer the following questions:
•

What has the project been developing?

•

Why has the project been working on that development?

•

What is the current state of the art in that area?

•

What are the digital/modelling outputs from the project?

•

What are the physical/testing outputs from the project?

•

What are the benefits demonstrated and/or projected?

•

What standards need to be considered?

The template was also structured to identify:
•

The TRL of the technological development

•

The Shift2Rail MAAP objectives to which the development aligns

•

Concepts to which the technology could be applied

•

Manufacturing readiness of industry to apply the technology

•

Interdependencies with other technologies within the project

The subsequent parts of Chapter 5.2 are direct extracts from each of the technology summaries
completed, showing the key information for each technology.
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5.2.1

Autonomous inspection using drones

TRL

MAAP objectives

2–3

Capacity; Life Cycle Cost

Novelty

Concepts
Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Vehicle-based switching;
Conventional switch

Manufacturing readiness

Dependent technologies

Manufacturing concepts and feasibility have been
determined and processes identified

What we have done
The philosophy of this workstream is to make strides toward autonomous inspection of S&C
componentry with drones. The steps within this project have explored miniaturisation of a
handheld laser device for measuring running rail profile geometry and the necessary technical
development required to mount the device on a drone for automated inspection. The practical
implications of drone mounting are considered as well as algorithms for autonomous orientation
of the measurement for aligning the profile scans and the GUI interface for measured output. The
project has demonstrated the concept with a miniaturised device with wireless functionality.
Why
The purpose of developing this technology is to reduce the necessary planned preventative
maintenance time for completing S&C inspection which in turn will reduce the impact of
inspections, allowing for increased Capacity. Successful deployment of such a device would also
reduce the time staff are required to spend on the track, having a positive impact on Safety. The
technology will provide far more accurate data measurement through elimination, and better
inform maintenance interventions. Autonomous inspection could further make use of alarms and
notifications from the condition monitoring system to take accurate measurements that meet
safety standards.
Current state of the art
A prototype of the hand‑held device has been tested in the laboratory. It can perform real‑time
rail profile measurement and visualisation, and an accurate TGP8 test on a measured S&C profile.
Improvements of the system that are also in progress include the use of the next generation of
blue laser sensors and more automated positioning of the system in 3D space.
Other – CALIPRI handheld device scanner based on laser sensor.
Robots, trolleys and trains that use lasers – e.g. as part of UGMS.
The hand‑held device has been tested with an externally mounted camera module in the
laboratory. The testing results show that the camera module can monitor the progress of
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measurement, track the movement of the laser in the X-axis and visualise rotation of the laser
line relative to the rail edge in the Yaw axis.
Drone mounting and actuation have been considered in concept and could make user of COTS
gimbal equipment.
Similar drone imagery-based rail inspection systems have been proposed for track detection and
gauge measurement at a distance, which also show the potential advantages and the prospects
of such systems.
Modelling outputs from this project
The project has modelled the miniaturised device, showing the assembly of componentry and the
potential for drone mounting. See deliverable D3.1 (6), section 6.4.7.
Testing outputs from this project
The prototype handheld scanner has been tested in laboratory conditions using real sections of
rail with both new and worn profiles, and with a previously used switch. The device has been
shown to be capable of producing rail profiles for both plain rail and switch sections. The system
can be used to measure the profile data within 0.2 mm registration accuracy. The custom GUI
associated with the device allows visualisation of the measured profiles and tests such as a Virtual
TGP8 test to be carried out.
In addition to the alignment testing, the combined demonstrator unit has been tested to ensure
that the localised embedded PC is capable of managing the data throughput associated with the
system, which was previously all transmitted to a hardwired offboard computer. The local power
requirements have also been assessed in order to ensure that the system can be operated fully
independently.
Further detail can be found in D3.1 (6) section 6.4 and D6.1 (2) section 3.5.
Benefits
The project has shown that the technology can be used to quickly and non-invasively obtain and
deliver rail profile data. These profiles have been shown to be suitable for processing using a
range of algorithms currently associated with conventional switch inspection processes.
Relevant standards
Standards for adaptive and learning algorithms – ISO 13374 goes towards automation of
inspection operations.
NR/L2/TRK/0053 – Inspection and repair to reduce the risk of derailment at switches.
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5.2.2

Condition monitoring of points movement using conventional technology and
model-based analysis

TRL

MAAP objectives

4–7

Capacity; Reliability; Life Cycle Cost

Novelty

Concepts

Technology is an evolution of an existing
railway solution

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Conventional switch

Manufacturing readiness

Dependent technologies

Low-rate initial production underway

What we have done
Conventional condition monitoring sensors (current, voltage, force, displacement, strain, etc.) are
used to provide information on the health of the asset, which in turn can be used to predict
failures and advise maintenance. The project has examined the application of these sensors, their
capabilities and the output parameters.
The project has further developed the use of model-based techniques for the analysis of
conventional points condition monitoring sensor data (current, voltage, force, displacement,
strain, etc.) to improve the capability for detection of degradation in points operation.
Why
Diagnosing potential points machine faults and determining time to failure and an estimation of
remaining useful life will allow for more use of predictive maintenance, moving away from
scheduled maintenance and allowing operators to schedule tasks more effectively around the
assets that need them the most.
Model-based approaches to analysis are common in other domains and are being considered for
their compatibility with fault-tolerant control systems.
Current state of the art
With regards to points movement, Network Rail in the UK currently monitors the electric current
of most of its point machines. Many other railway operators in Europe do the same. There is the
potential to additionally analyse hydraulic pressure and displacement on Network Rail
infrastructure. Several manufacturers offer services for retrofitting condition monitoring
equipment to existing infrastructure, as well as online services to analyse the data. While the
hardware development is moderately mature, the existing systems are limited by the performance
of the condition identification algorithms, and in particular their capability for prediction of
remaining useful life/time to failure.
The model-based condition monitoring approach is successfully used in different applications in
wind turbine, aerospace and automobile industries.

Page 34 of 112

Modelling outputs from this project
A model has been developed in MATLAB/Simulink to consider the impact of changes in physical
parameters. The condition monitoring algorithm takes sensor signals and, using the model, it can
predict a change in a particular parameter. The software demonstrator, a switch system with
electromechanical actuator, has been considered, and the developed technique is tested with
changing switch parameters.

•

The multibody simulation (MBS) model of a High Performance Switch System (HPSS),
which is validated with the data from a working switch system, is used to test the
condition monitoring technique.

•

A Simplified Refined Instrumental Variable (SRIV)-based continuous time parameter
estimation method is used to monitor the condition of the system.

•

The four different parameters of the switch system to be estimated are the torque
constant of the electric motor, stiffness of the system, total inertia of the system, and
viscous friction of the system.

•

Four different cases were considered to check the performance of the proposed model.
The proposed model-based FDD method was conducted and tested in six scenarios for
each case, the healthy case and five faulty cases. The model predicts changes in the
estimates of parameters for the fault scenarios.

Testing outputs from this project
The software has been integrated with an actuator system developed at the University of
Birmingham. Performance of the condition monitoring approach and parameter estimation
method is checked by varying the friction of the system.
Benefits
The developed condition monitoring approach can detect degradation of rail stiffness, frictional
elements of the actuator and switch systems, and electrical motor performance; thus, it can
detect potential failures of the switch system. In addition, in a cost consolidation exercise within
the INNOTRACK project, Silmon and Roberts (2010) found that S&C system maintenance and
inspection account for around 19% of the total maintenance costs in the UK. The integration of
the developed condition monitoring approach can reduce the number of scheduled inspection and
maintenance procedure, in turn reducing the maintenance cost.
Relevant standards
There are a range of standards, particularly ISO document ISO/TC 108/SC 5 – Condition
monitoring and diagnostics of machine systems – relating to condition monitoring of machines,
data processing and interpretation. From initial searches, there are no mandatory standards that
impact this development.
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5.2.3

Application of composite sleepers and bearers

TRL

MAAP objectives

4–7

Capacity; Reliability; Life Cycle Cost;
Customer
Experience; Environmental
Performance

Novelty

Concepts

Technology is an evolution of an existing
railway solution

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Vehicle-based switching; Conventional
switch

Manufacturing readiness

Dependent technologies

Capability exists to produce prototype components in a
laboratory

What we have done
The project will provide evidence for decision makers in the railway industry.
(1) There exists an insufficient track record of utilisation of composites in the field. This S-CODE
subproject will review and verify the suitability of the material for European S&C bearers. The
technology has already been trialled on S&C outside of Europe. However, the key in-service
performance has not been investigated or been made available for the current decision-making
process in the rail industry. This subproject has thus reviewed and extracted field data and
performance to build technical expertise and confidence in the use of composites, especially in
S&C.
(2) There is no engineering design and selection guideline for composite bearers in practice. This
S-CODE subproject will develop complex numerical simulation tools to aid engineering design and
selection of fibre-reinforced foamed urethane (FFU) composite bearers. The tool will be validated
by experimental testing, resulting in new knowledge and evidence for design optimisation.
The benefits of FFU composites will be investigated using multiple criteria for economics,
environment, sustainability, noise and vibration, life cycle and constructability/maintainability. SCODE will provide the evidence-based guideline for industry (TRL7) and the novel design
optimisation that can tailor the applications of FFU bearers more cost-effectively (TRL4).
Multi-layer composite fibre bearers with various degrees of stiffness using various types of
thermoplastic resins can be printed using a commercial 3D printer. Current 3D printing technology
can easily enable the components to be printed in the field. The technology enables the printing
of combined fibres and thermoplastic resins, which are critical for the strength and durability of
turnout bearers. Layers with different stiffness properties are designed to ensure that the top
layer is sufficient to provide pull-out resistance to fastening and bolt systems for baseplates,
whilst the lower layers can be designed with respect to the maximum grain size of the ballast, to
ensure an optimum interface. The new 3D-printed composite sleepers will not only improve
construction productivity, they are designed to reduce impact loading, reduce wheel/rail loading,
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mitigate railway noise and vibration, and importantly to enhance automated track maintainability.
Through the automated track maintainability and constructability, the 3D-printed composite
bearers will enable improved Capacity, reduced LCC, increased Customer Experience (via
improved ride quality and low noise) and better Environmental Performance (via noise reduction
and lower carbon footprint from construction activities).
Why
It is known that FFU composites have significant benefits in terms of economics, environment,
sustainability, noise and vibration, life cycle and constructability/maintainability. The ability of
FFU composites to mimic the behaviour of scarce and high-quality timbers makes it suitable for
the applications in railway S&C. The characteristics of the FFU material offer improved damping
characteristics and increased durability, which will contribute to improved Reliability and service
life of the system as well as improved LCC through a reduction in maintenance over the entire
service life. Rather than developing this technology, the project will explore the benefits of
incorporating this technology into the concepts.
S-CODE will highlight the performance of FFU composite bearers and establish the design
optimisation of the composites that can be adopted by the rail industry.
3D printing enables automated construction and maintenance of the future. It provides the
opportunity to vary the sleeper support stiffness throughout the layout to optimise the overall
system stiffness and stiffness transitions. This will provide the opportunity to create a more
desirable interface between the sleepers and ballast (or fixed support structure) without the need
to insert a separate resilient pad. The overall improved control of system stiffness would reduce
the rate of ballast deterioration and provide a better system response to dynamic load, thus
reducing further rail and component damage. The cushioning will reduce ballast breakage. At the
same time, the tuned stiffness will mitigate wheel/rail and impact loading on crossings, reducing
railway noise and vibration impacts. With appropriate optimal track modulus, many more trains
can travel smoothly with enhanced ride quality.
Current state of the art
Various track testing has been conducted with this type of bearer, providing evidence of its
performance (see deliverable D4.1 (5) for references). The 3D composite bearers are a novel and
new development. However, it is validated with existing composite bearers that have more than
35 years of field data and experience to support the development.
Modelling outputs from this project
Modelling of the bearers installed within a railway S&C will be established. Validation using the
bearer properties will be carried out by incorporating field data into the track support model to
understand the system performance of the concepts incorporating this material.
The simulations will be used to aid design optimisation of FFU composites, which can save costs
while enabling engineering performance in service.
The modelling output will be carried out specifically for the 3D-printed composite bearers. This
will accelerate computation time. After the design has been optimised, the data input for
wheel/rail interface and track substructure will be delivered to verify that the optimal track
stiffness can be retained.
The simulations will be validated using experimental data obtained from FFU composite sleepers.
The scaled specimens will be printed out to enable small-scale tests in the laboratory. With
validation at all scales, the 3D composites can be designed to enable functionally graded
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behaviours that improve all aspects of Capacity, Reliability, LCC, Customer Experience and
Environmental Performance.
Testing outputs from this project
The project has undertaken failure mode tests to determine a suitable design method for the
bearers. Several references for material performance and characteristics have been published by
the principal investigator responsible for the tasks. In S-CODE, design optimisation of the FFU
composites will be established. This is because the FFU composite has recently gained momentum
in application for the support infrastructure of S&C, due to its superior performance under service
load conditions and relatively much lower LLC and carbon footprint. Despite the recent popularity
of FFU composites, there is no design guideline or maintenance standard. It is thus imperative to
establish design optimisation for the safety-critical components in S&C, not only for enhancing
Safety but also for improving Reliability and minimising construction costs and carbon emissions
from the utilisation of FFU composites. In S-CODE, two non-destructive testing approaches are
considered, in order to provide comprehensive insights into the structural behaviour, service
performance and failure mode of the FFU composites, and the relationship between the
cumulative damage and responses obtained from both approaches, including modal analysis and
acoustic emission. Novel condition assessment techniques using both approaches have been
established for detecting structural condition and damage in the FFU composite bearers in real
time. The novel insights obtained from this study have also led to the design optimisation for
cost- and carbon-efficient construction of S&C.
For the 3D-printed bearers, the simulations were developed and validated using two experimental
data sets. First, the full-scale model was verified by the behaviour of FFU composite bearers which
have been used in industry. Then, the smaller-scale model was constructed to optimise and
validate the multi-layered design of the 3D printed composites. The experiments aimed to provide
proof of concept.
Benefits
The new findings obtained from this task will improve the overall performance of railway S&C in
many ways:
(1) Improved durability of support structure: in practice, concrete and timber bearers deteriorate
really quickly under impact loading. The FFU bearers can lengthen the service life and improve
the reconstruction interval from 15 years (on average) to over 50 years. This implies that the use
of FFU bearers can improve LCC of the infrastructures (by over 300%).
(2) Improved environmental sustainability: the carbon footprint from using FFU composites is
much lower than those for timber and concrete materials, which require more maintenance and
reconditioning (by 50%).
(3) Improved waste management: FFU composite is 100% recyclable. FFU composites
significantly outperform old timber (0%) and concrete (< 20%).
(4) Less maintenance: it is clear that FFU composites could reduce wheel/rail forces by only 1–
2%. However, varying from 12%–25%, FFU bearers can absorb the impact energy and attenuate
the load transferred to adjacent components (e.g. ballast, fastening systems). This reduces
ballast breakage, long-term track settlement, ballast densification and dilation, resulting in
reduced maintenance costs.
(5) Improved Reliability: the integrity of FFU composites is much higher over the long term
(> 75 years of service life). This will improve the capability of track support to provide more
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reliable whole-life conditions for other systems (e.g. switch control, motor support, signalling gear
support).
(6) Reduced noise and vibration: the damping characteristics of FFU composites will significantly
reduce noise and vibration at S&C. Acoustic monitoring has shown that the impact noise can be
reduced by 3 dB. In addition, the FFU composite can increase insertion loss and reduce groundborne vibrations (which damage ballast and affect surrounding buildings near the S&C). The
improved damping will enable better ride comfort and enhance Customer Experience (through
lower noise and vibration).
The 3D-printed composite can be designed to adopt functionally graded behaviour using multiple
layers. With this novel layered system, the bearers can be designed and manufactured using
automated technology to improve:
(1) Capacity: the layered system will improve the load transfer mechanism and filter out the
frequency of load condition. This implies that higher axle loads and more frequent trains can
travel without reducing the durability and material degradation.
(2) Reliability: the new composite will have improved damping (compared with concrete). This
will attenuate vibrations that cause loosening of bolts and fastenings and increase the functional
ability of signalling gears.
(3) Life Cycle Cost: the enhanced durability of the composite will lengthen the service life of the
components and track systems. This will reduce the maintenance and renewal costs over the life
cycle.
(4) Customer Experience: the improved track modulus will allow the trains to travel quietly and
smoothly, enhancing Customer Experience on board and along the corridor.
(5) Environmental Performance: in addition to noise reduction, the longer service life will reduce
the carbon footprint stemming from construction and maintenance activities.
Relevant standards
EN13230 (concrete sleepers) has been used for benchmarking FFU composite performance tests.
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5.2.4

Neoballast

TRL

MAAP objectives

4–7

Life Cycle Cost; Customer Experience;
Environmental Performance

Novelty

Concepts

Technology is fundamentally new

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Vehicle-based switching

Manufacturing readiness

Dependent technologies

Low-rate initial production underway

What we have done
Neoballast consists of a ballast aggregate covered by an advanced coating that comprises a
bespoke binder component and recycled rubber coming from end of life vehicle (ELV) tyres.
Neoballast allows the use of poor-quality aggregates (e.g. limestone ballast), even recycled
ballast, which can compensate for the lack of high-quality aggregates in certain regions.
With the rubber coating, Neoballast increases energy dissipation and load distribution, leading to
increased flexibility. This allows for a reduction of the ballast layer thickness of up to 20%, which
is significantly important for tunnels and bridges with reduced gauge. It is also very convenient
for high-stiffness track zones such as S&C. In addition, Neoballast provides a larger contact area
with the sleepers, which leads to less track deterioration and less maintenance needed for the
track in general and the S&C in particular. Neoballast can also be combined with plastic bearers
or any other technology to be developed for track support.
Why
Neoballast is an innovative solution for the track substructure compatible with the new concepts
of S&C, targeting the following objectives:
•

Higher attrition resistance than standard ballast, doubling service life (from 20 to
40 years).

•

Higher contact area between sleepers and ballast, leading to less track deterioration (up
to 100%).

•

Reduction in track stiffness, which is very suitable for reducing the increased stiffness in
S&C zones.

•

Possibility to reduce ballast layer thickness, which may be very positive for some new
S&C designs.

•

Fewer tamping operations needed, which is especially appropriate for S&C support zones,
which are difficult to tamp.

•

Reduction of LCC by 40% due to the increase of durability. Further savings can be
obtained from the use of recycled or poor-quality aggregates.
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•

Increase of noise and vibration performance, avoiding in some cases the need for isolation
devices.

•

Reduction of the need for natural aggregates in railway construction.

•

Reduction of ELV tyres sent to landfills and incineration plants.

•

Reduction of CO2 emissions.

•

Reduction of the energy consumption.

Current state of the art
Neoballast has been tested in the laboratory and in a small-scale test in a real environment
showing promising results. A field test demonstration in real conditions has also now occurred (in
summer 2019, near Barcelona) where track displacement, accelerations, noise and vibration
performances were monitored in order to help understand the potential of Neoballast.
Modelling outputs from this project
•
•
•

Static and dynamic stiffness
Load distribution
Settlement

Testing outputs from this project
•
•
•
•
•
•
•

Track deflection (instantaneous)
Track settlement
Load distribution
Noise (airborne) attenuation
Vibrations (ground-borne) attenuation
Static and dynamic stiffness (indirect measure)
Energy dissipation (indirect measure)

Benefits
•
•
•
•
•

Reduction of 3 dB in airborne vibrations (noise) and 3 dB in ground-borne vibrations
(vibration) leading to increased Environmental Performance and Customer Experience.
Stiffness reduced by 25%, leading to a smoother ride quality and better Customer
Experience.
Reduction of LCC by 40% due to reduced maintenance needs.
Reduction of track possession times by 5% due to fewer tamping operations and
increased track durability, hence increasing the Capacity.
Mean Time Between Service-Affecting Failures is reduced by around 5%, thus increasing
Reliability.

Relevant standards
The standards relevant to Neoballast are those directly related to ballast. In this sense, there are
different groups of standards to be taken into consideration.

European standards:
EN13450 – Aggregates for railway ballast
EN932 – Tests for general properties of aggregates
EN933 – Tests for geometrical properties of aggregates
EN1097 – Tests for mechanical and physical properties of aggregates
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EN1367 – Tests for thermal and weathering properties of aggregates

International Codes:
UIC Code 719 – Earthworks and track bed for railway lines

National standards/technical specifications (some examples):
Spain – ORDEN FOM/1269/2006, de 17 de abril, por la que se aprueban los Capítulos: 6.– Balasto
y 7. – Subbalasto del pliego de prescripciones técnicas generales de materiales ferroviarios (PF).
Spain (ADIF) – PGP-2011 – Pliego de prescripciones técnicas tipo para los proyectos de plataforma
Spain (ADIF) – NAV 3-4-0.0 Balasto. Características determinativas de la calidad
France (SNCF) – Spécification Technique CT IGEV 001 – Ballast neufs pour voies ferrées
Belgium (Infrabel) – Spécification Technique L-11 – Ballast et granulats pour la voie
Italy (RFI) – Specifica Tecnica RFI – DTC INC SP IFS 010 B – Petrisco per massicciata ferroviaria

Neoballast complies with all the standards provided that they allow the use of recycled materials
(i.e. rubber powder for the coating), as the geometrical, mechanical and physical requirements
are met.

Additional standards that Neoballast may need to comply with:
ISO 11925-2:2010 Reaction to fire tests -- ignitability of products subjected to direct impingement
of flame part 2: single-flame source test
ISO 9239-1:2010 Reaction to fire tests for floorings -- part 1: determination of the burning
behaviour using a radiant heat source
ISO 5659-2:2012 Plastics -- smoke generation -- part 2: determination of optical density by a
single-chamber test
United Kingdom – London Underground LU-S1085 Fire safety performance of materials - stations
and tunnel infrastructure
United Kingdom – BS 6853:1999 Code of practice for fire precautions in the design and
construction of passenger carrying trains

For the production of Neoballast, the following standards may apply:

For a plant that produces Neoballast, as for any plant/machine, the requirements specified in the
Machinery Directive must be met:
•
•
•
•

technical construction file (including the normative requirements to be met by the
product)
user’s manual: necessary information, instructions
conformity assessment procedure (technical testing)
EC declaration of conformity
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•

CE marking

For Spain in particular, Annexes I and II of the Spanish Royal Decree 1215/97 on minimum safety
and health requirements for the use of work equipment.

In addition, the plant must comply with Directive 2014/34/EU of the European Parliament on the
harmonisation of the laws of the Member States relating to equipment and protective systems
intended for use in potentially explosive atmospheres (recast). However, it has been tested that
for the current Neoballast production process, the temperatures reached are not high enough for
the treatment of the rubber powder under ATEX regulations.

5.2.5

Lock using materials with changeable properties

TRL

MAAP objectives

3–4

Reliability

Novelty

Concepts

Technology has been used successfully
outside of the railway

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Conventional switch

Manufacturing readiness

Dependent technologies

Basic manufacturing principles have been identified

What we have done
This workstream has looked at the potential of incorporating materials with changeable properties
into the switch locking mechanism. The intent is to incorporate a degree of controllability and
self-adjustment into the switch locking. The project has examined:
•

•

•

Dilatant materials: fluids whose viscosity increases with increasing shear rate. So, when
the force is applied to it at relatively slower rate, the material deforms like a highly
viscous fluid. If force is applied at very high rate, the fluid behaves like a solid.
Electro-rheological fluid: a fluid which when subjected to an electric field changes its
viscosity, much like magneto-rheological fluid. So, the idea is to use this property to lock
and unlock the links in the lock using an electric field.
Magneto-rheological fluid: a fluid which is essentially micrometre-scale magnetic
particles suspended in a carrier oil. These particles, when subjected to a magnetic field,
align themselves to the magnetic field which then results in a highly viscous fluid.

The project has developed a demonstrator for the concept using magneto-rheological fluid.
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Why
The idea of using these materials is to simplify the mechanical locking by reducing the number of
elements in the system and to allow for some self-adjustment. This should deliver some Reliability
improvements and reduce failures associated with locking in the switch system.
Current state of the art
Magneto-rheological (MR) fluid is currently used in making dampers for vehicles, especially in the
automotive industry, such as MR-controllable suspension (in Ferrari, Audi, BMW, etc.) and MR
brakes. Several researches are also going on to explore the opportunity of using MR fluid dampers
in aerospace applications such as in aircraft landing gear. Large-scale MR dampers are also in use
for seismic vibration reduction. To our knowledge, MR fluid has not been used for locking
purposes.
Electro-restrictive fluid has been used in the automotive industry for clutch engagement and
disengagement without using mechanical linkages.
Dilatant material is used in sports equipment currently as a shock absorber material and also in
military body armour for lightweight and bulletproof capability.
Modelling outputs from this project
The use of dilatant materials and electro-resistive fluid were explored conceptually only; further
information about the potential use of those technologies can be found in deliverable 5.1 (7).
Locking using MR fluid was taken forward to the demonstrator phase of this project, and some
modelling work was undertaken to identify and evaluate the location of MR dampers as a switch
lock, and the size capability of the damper to achieve the necessary locking force.
The MR lock software demonstrator has been developed, in which the MR lock has been integrated
with a multibody co-simulation model of HPSS. A new design of MR damper has been developed
which can provide the required locking force. Modelling results show that when the magnetic field
is active, the MR lock can provide up to 30 kN of locking force and lock the switch in its position.
A self-adjusting closed-loop controller has been designed and integrated with the locking design.
If the misalignment between the stock rail and adjacent switch rail is within the allowable range,
the controller updates the desired gap to the actuator and MR locking mechanism and drives the
actuator to close the gap to zero. If the gap is sensed as being outside the allowable range, a
fault command is fed back to the signalling block.
Testing outputs from this project
A conceptual design has been put together incorporating an MR damper for switch locking, and a
proof of concept prototype is being developed in WP6.
Benefits
According to a previous study in the UK (7), it can be shown that failure attributed to locking
amounts to around 20% of all POE-related failures. A reduction in these failures could have a
significant impacting on overall switch Reliability.
Relevant standards
•
•

NR/L2/TRK/070 – S&C system specification for the design of switches & crossings
NR/PS/SIG/2001 – Requirements for powered point operating equipment

•

EN13232 – Railway applications – track – switches and crossings – part 4: actuation
locking and detection.
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5.2.6

High redundancy actuator

TRL

MAAP objectives

3–4

Reliability

Novelty

Concepts

Technology is fundamentally new

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Conventional switch

Manufacturing readiness

Dependent technologies

Basic manufacturing principles have been identified

What we have done
Redundancy in safety-critical systems is often achieved where critical hardware is
duplicated/triplicated and they work in parallel. The system operates in the event of failure of an
acceptable number of redundant components. The project has explored opportunities to introduce
redundancy within the actuation device by considering an actuator comprising many smaller
actuation elements. The failure of one of these elements will simply render the overall actuator
with a reduced capability for delivering force and displacements, but not outright failure. The
project has considered potential options for manufacturing a High redundancy actuator (HRA),
one using an electro-active polymer and a second using piezoelectric-based actuators such as
Squiggle motors. The electro-active polymer basically has two electrodes placed on either side of
a very thin polymer sheet. When a high electric potential is supplied, the polymer deforms due to
attraction of the electrodes. This property can be manipulated by appropriate design of the sheet
such that it can deform in a particular direction. The concept is to arrange a sufficiently high
number of these sheets in parallel such that it can deliver the required force and displacement.
The piezoelectric-based actuators can be used to create an HRA in which these actuating elements
can be arranged in series and in parallel. Since the number of elements is in the order of
magnitude of 1000, the reduction in capability of the actuator due to failing elements can be
gradual rather than sudden.
A simplified demonstrator using four actuation elements has been developed under WP6 to
demonstrate the concept; see deliverable D6.1 (2).
Why
By incorporating redundancy into the actuator, Reliability can be increased without increasing the
componentry in the switch layout. In designing the appropriate level of redundancy into the
actuation, the degradation in actuator performance can be far more gradual and therefore support
a more controlled planned intervention.
Current state of the art
The concept has been proven in the lab using electromechanical actuators arranged in series and
parallel. Technical feasibility of the HRA using piezoelectric material has been studied, and the
concept has been developed.
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At present, there are examples only outside the railway domain where multiple systems co-exist
for same purpose, e.g. mechanical and hydraulic brake systems in automotive vehicles.
Modelling outputs from this project
The HRA technology is a hardware redundancy measure, to ensure the functionality of point
machine actuation despite one component failing. Within this technology, potential for
electromagnetic linear actuators, a demonstrator has been built as described in section 5.7 of
D6.1 (2). To represent the resistance due to moving the switch rail assembly, a MR damper has
been built whose damping can be controlled. It is then possible to examine the effect of rail forces
and any actuator failing during actuation.
Testing outputs from this project
The HRA technology is a hardware redundancy measure, to ensure functionality of the point
machine actuation despite one component failing. Within this technology, the potential for
piezoelectric actuators has been explored within WP5 as described in section 4.1 of D5.1 (8).
However, the associated costs are very high. Hence, as a part of WP6, a demonstrator has been
built as described in section 5.7 (2) of D6.1. The potential here is being examined with respect to
the actuation force and displacement of the entire unit, despite one of the actuators failing.
Benefits
According to a previous study in the UK (7), failures attributed to actuation amount to around
37% of all POE failures.
Relevant standards
•
•
•

NR/L2/TRK/070 – S&C system specification for the design of switches & crossings
NR/PS/SIG/2001 – Requirements for powered point operating equipment
EN13232 – Railway applications – track – switches and crossings – part 4: actuation
locking and detection.
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5.2.7

Novel locking mechanism using magnets

TRL

MAAP objectives

3–4

Reliability

Novelty

Concepts

Technology has been used successfully
outside of the railway

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Conventional switch

Manufacturing readiness

Dependent technologies

Basic manufacturing principles have been identified

What we have done
Permanent magnets are arranged in an array on a plate on which the switch rail is moved. To
unlock, the array is manipulated such that the magnetic field from these magnets is effectively
nullified, releasing the switch rail. To lock, the array is arranged in such a way that the effective
magnetic field produces effective attractive force to attract the switch blade, locking it in its place.
Essentially, this technology uses the attractive force given by the magnet to lock the switch rail
made of steel. This technique is currently being used in most mechanical workshops to hold work
pieces made of ferromagnetic material such as iron and their alloys.
The project has undertaken some modelling to show the feasibility of this concept and has
produced a demonstrator in WP6.
Why
A feasibility study and design have been developed for the conventional track switch. This type
of locking can be more effective than a mechanical lock in terms of self-adjustable capability.
Since the magnets are arranged in an array in a planar surface, the switch can be locked at any
desired position on that surface. So, when the longitudinal position of the switch changes due to
thermal dilation, the switch can still be locked against the stock rail without the need for locking
adjustment.
Current state of the art
The design of this locking mechanism has been outlined, and a feasibility assessment has been
carried out. The principles of this technique have already been proven in mechanical workshop
workbenches but not in a railway environment.
Modelling outputs from this project
Numerical and geometrical modelling suggests that the locking mechanism is able to deliver the
required force for conventional track switches, showing this concept is feasible; see D5.1 (8)
section 5.3.
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Testing outputs from this project
The design of the lock was designed based on preliminary finite element model (FEM) analysis
and laboratory tests of individual magnets. When the lock was designed, a detailed FEM analysis
of the magnetic locking was carried out to estimate the holding force, considering the gap between
the stock rail and the lock surface. The magnetic properties of rail steel were determined in the
laboratory for this analysis. The force exerted by the device in the unlocked state was also
calculated.
A sample of the designed magnetic lock was made and subjected to laboratory tests. Within these
tests, the holding forces in the locked and unlocked states were determined for different gaps
between the lock and the rail. The force required to lock and unlock the lock was also measured.
Benefits
This type of approach to locking allows for thermal expansion in the switch, unlike conventional
mechanical locking. At this stage, the locking device is meant as an auxiliary to the standard
locking device, i.e. if the locking force is reduced due to failure of the permanent magnets, the
standard locking device would still provide the necessary locking force.
This device can help to reduce vertical vibration of the switch rail, otherwise supported vertically
on the slide chairs and partially held vertically by the basic locking system. Vertical vibrations can
adversely affect operation of the control and command system, especially the switch rail position
sensors. Due to increased dynamic effects, for example during wheel passage from the switch rail
to the stock rail, due to the rail corrugation, an adverse effect may occur, and the sensors may
signal a misalignment of the switch during the train passage. Such a case is classified as an
accident.
This locking arrangement is effectively self-adjusting, which could reduce planned preventative
maintenance and commissioning time after the intervention.
According to a previous study undertaken in the UK (7), faults attributed to locking amount to
around 20% of all faults associated with the POE.
Relevant standards
•
•
•
•

NR/L2/TRK/070 – S&C system specification for the design of switches & crossings
NR/PS/SIG/2001 – Requirements for powered point operating equipment
EN13232 – Railway applications – track – switches and crossings – part 4: actuation
locking and detection
EN50121-1 Railway applications – electromagnetic compatibility – parts 1, 4 and 5
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5.2.8

Feedback controller with fault-tolerant scheme

TRL

MAAP objectives

2–3

Reliability; Life Cycle Cost

Novelty

Concepts

Technology has been used successfully
outside of the railway

Conventional switch

Manufacturing readiness

Dependent technologies

Basic manufacturing principles have been identified

What we have done
The sensors in a railway network are often exposed to the environment and can fail. Any fault in
the sensor data can have a negative effect on system performance, and in turn reduce the overall
Reliability of the system. Thus, it is important to develop a control algorithm which is tolerant to
any sensor fault. This project has developed a demonstrator for fault-tolerant control.
Why
The purpose of developing fault-tolerant control is to compensate for sensor faults and retain
stable control of position, current and velocity. Fault-tolerant control has been successfully used
in the aerospace industry; see D5.1 (8) for references.
According to a previous study undertaken in the UK, faults attributed to control amount to around
13% of all faults associated with the POE (7).
Current state of the art
Fault-tolerant control is currently applied in aerospace, but not yet in railway S&C control. The
demonstrator in this project takes the principles from aerospace and applies them to a
conventional switch configuration with typical sensors.
Modelling outputs from this project
The model, which has been developed as a demonstrator in Matlab, actuates the switch rail in a
controlled manner in response to the toe position. The different sensors which the control
algorithm uses are backed up by observers. In the demonstrator model, the user is able to
generate a signal for the actuator position, as a command. Different sensor faults can be activated
within it, and their faulty time interval can be specified. Upon executing the algorithm, the GUI
shows the response of the system in terms of the achieved actuator position. Various fault signals
will also be plotted along with it and their corresponding compensated signals will also be plotted.
The model illustrates how fault-tolerant control could be applied for a S&C. See deliverable D3.1
(6) section 4.4.4.
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Testing outputs from this project
It has not yet been tested in any physical system but has been tested as a part of the
demonstrator. If a sensor is deemed to be faulty, the FTC algorithm steps in to accommodate the
loss of sensory information, by supplying virtual signals from the observers.
Benefits
FTC has been successfully applied in the aerospace domain, also in practice. In many other fields,
it is still in the research phase; see deliverables D3.1 (6) and D6.1 (2).
Relevant standards
NR/L2/TRK/070 – S&C system specification for the design of switches & crossings
There are a range of standards, particularly ISO document ISO/TC 108/SC 5 – Condition
monitoring and diagnostics of machine systems – relating to condition monitoring of machines,
data processing and interpretation.

5.2.9

Condition monitoring of S&C using dynamic response

TRL

MAAP objectives

3–4

Reliability; Life Cycle Cost

Novelty

Concepts

Technology has been used successfully
outside of the railway

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Vehicle-based switching;
Conventional switch

Manufacturing readiness

Dependent technologies

Basic manufacturing principles have been identified

What we have done
This workstream has developed approaches to understanding the condition of the S&C and its
support, by measuring and analysing the dynamic response under the passage of vehicles. The
project primarily examined outputs from acceleration sensors, to assess dynamic response. The
project has also explored the opportunity to embed sensors to examine the crossing stress under
load of a passing vehicle. There are three strands to this workstream; the project has examined:
1) the optimal position of sensors for capturing dynamic response, 2) the mathematical process
by which the dynamic response ‘signatures’ of S&C can be obtained and analysed and changes in
dynamic response detected, and 3) low-cost hardware solutions for capturing and processing the
data. These three areas have been taken through to demonstrators (D1, D2 and D4).
Why
Faults in S&C are often found too late; the maintenance to repair them is then reactive and
unplanned, being most intrusive to the railway. The system for dynamic effects evaluation could
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complement current diagnostic systems and help to detect S&C faults at an earlier stage.
Capturing particular features of dynamic response can detect defects associated with wheel/rail
interaction as well as changes in track stiffness through degradation in the support conditions.
This will allow for using predictive maintenance, and overall maintenance planning will be
improved. The dynamic monitoring and evaluation system can save a considerable amount of
money and significantly improve the Reliability of the S&C and extend the life cycle of the S&C
components (rails, fastening systems, bearers, point machines). Developing the capability of this
system will allow S&C maintenance interventions to be prioritised by the level of dynamic
response and the ability to make recommendations for maintenance, contributing to a selfdiagnostic S&C system. In a further step, the outputs from the dynamic effects evaluation could
support self-healing ability of the construction such as in the case of the tuneable fastening
system explored within this project.
Current state of the art
Similar “ad-hoc” add-on systems already exist, but current systems are expensive, sensor
position is not optimised, and embedded sensors are not currently utilised in S&C components.
Accelerometers are commonly used for the present condition monitoring system as they are more
robust than other types of sensors and easy to install. However, this technology is still not reliable,
and it is still challenging to detect S&C failure in the early stage, especially for surface degradation
such as cracks and wear. Furthermore, some unnecessary signal (noise) can be observed such
as wheelset passing joint or impacts from defect trains that may interrupt the condition
monitoring system and provide incorrect current information.
Modelling outputs from this project
From the research mentioned above, it is clear that with a change in the geometry of transition,
stiffness and quality of support, the nature of the dynamic forces will also change both in size and
frequency. This can be used to diagnose S&C (D3.1 (6) section 5.2.5). The project has been able
to demonstrate the possibility of identifying specific train types at S&C from recorded acceleration
data(D3.1 (6) section 5.3.1.4) and identify dynamic response ‘signatures’.
Numerical simulation (MBS+FEA) has been used to identify the optimal placement of sensors.
Significant impacts are observed at around 5 m after the switch toe and around 0.5 m after the
crossing nose. Two trail measurements were carried out, in the Czech Republic and the UK, based
on the sensor placement designed from the numerical model and showed good capability for
capturing dynamic S&C characteristics (D3.1 (6), D5.1 (8) and D6.1 (2)).
Testing outputs from this project
This workstream has shown that ML-based train type identification at a railway S&C is feasible
(D3.1 (6) section 5.3.1.4).

•

Identification of train types is feasible if the monitoring location is fixed within the S&C;
however, if the monitoring locations are not taken into account, the identification is not
successful

•

The SVM approach tested by the project is insensitive to renovation of the common
crossing

To test the analytical process for dynamic response analysis, measurements were undertaken at
three crossings in two separate locations.
The input vector (training data set) has to be subjectively chosen such that it sufficiently
characterises all important features of the recorded acceleration time histories. Classification and
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division of trains into categories was automatically undertaken by the Train identification System;
from the measurements and analysis undertaken, it was shown that a dynamic effects evaluation
system can be based on relatively simple calculations in the time and frequency domains. Even
these simple values can reveal an increase in dynamic effects which corresponds to deterioration
in the transition geometry. The system has shown indicative results, but further exploration
involving more data needs to be undertaken in order to make full use of its capabilities. At this
stage, with the level of processing implemented so far, it is possible to identify that the transition
geometry is getting worse. It is sometimes difficult to say whether it is because of growing wear
in the crossing or because of poor support of a bearer. Hence further work is required to support
self-diagnosis.
Using the dynamic response data, the project has also been able to establish a process to estimate
the deflection (specific to train type) from double integration of the acceleration data (D3.1 (6)
section 5.3.2.4).
The project has also undertaken some testing of the hardware elements and a physical
demonstrator showing a crossing with a removable part has been produced under WP6,
demonstrating the practical positioning of embedded sensors within a crossing component.
Benefits
The development of this technology will allow for early detection of the deterioration of S&C
dynamic response. This can inform maintenance activity, particularly for issues relating to
wheel/rail interface and system support degradation. This would particularly benefit rail
management and would see a reduction in rail defects, which are common failure modes at S&C
and can often be service-affecting.
Relevant standards
Wheel impact alarm limit for operation safety and life optimisation was considered by Lewis and
Olofsson, 2009.
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5.2.10

Tuneable stiffness fasteners (active structure)

TRL

MAAP objectives

3–4

Reliability; Life Cycle Cost

Novelty

Concepts

Technology is an evolution of an existing
railway solution

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Vehicle-based switching;
Conventional switch

Manufacturing readiness

Dependent technologies

Capability exists to produce prototype components in a
laboratory

What we have done
In fastening systems where the rubber or EPDM pads are replaced by a system of springs, stiffness
can be set easily; eventually, stiffness could be set dynamically according to the weight of passing
trains. This can ensure the best deflection along the whole turnout. Differences in stiffness along
the turnout can be taken into account. Three concepts for fastening systems are explored: (1)
controlling stiffness by contact surface (passive), (2) introducing an active method for influencing
stiffness or damping in a rail-to-bearer fastening system through a cartridge that takes over
partially or fully the function of the rail foot pad or, in case that the rail is fastened to the slab
track, other flexible rail pads, and (3) leaf springs as an alternative to a flexible pad. This activity
also includes the potential to look at adjustable height fasteners.
Why
Alternative fastening arrangements are being explored to offer better control of the system
stiffness, offering improved asset Reliability, whilst also offering the potential to incorporate
energy harvesting to support monitoring/control systems.
Current state of the art
The essential functions of a rail fastening are holding the rail in the prescribed position, providing
sufficient longitudinal resistance against movement of the rails in a continuous welded rail, and
providing elasticity to the rail structure. In some cases, the rail fastening also provides electrical
insulation, especially for steel sleepers.
An important function of a rail fastening is to contribute to rail track flexibility. A rail fastening is
the basic element providing flexibility in ballastless track. Current rail fastening systems allow the
stiffness of the track to be controlled, and fastenings with different stiffness can be installed along
the length of the rail. Variation of stiffness is used in various situations, for instance on a bridge,
in bridge transition areas, or between ballasted and ballastless track, in S&C on bearers of
different length or because of rail components of a different cross-section. Rail fastening systems
in which the stiffness can be actively changed are not yet in use. Actively controlled stiffness may
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be useful in terms of the current technical state of the track, e.g. because of differently supported
sleepers or bearers in the ballast bed, or unbalanced service load of the turnout branches.
The railway track appears to be inhomogeneous in terms of stiffness, damping and weight in the
S&C for the vehicle. The passage of such inhomogeneities causes additional dynamic forces which
affect the technical condition of the track and its components and, in extreme cases, the control
and command system.
Modelling outputs from this project
An analytical model of the rail fastening node was created, enabling the design of basic
parameters of a rail fastening with controlled stiffness. A piezo stack component was selected to
demonstrate the stiffness and eventually active damping properties. The rail fastening was
designed so that it is possible to use currently manufactured components – piezo stack, load cell,
power equipment, cable line or wireless connection and memory units. The design respects the
switch diagnostic and monitoring system and allows connection to it.
Based on the initial design, an FEM of the designed rail fastening system was built in ANSYS. The
basic static and dynamic behaviour of the system and its components was verified within this
model. The mechanical properties of plastic composite sleepers with holes for the modified
baseplate and with a space for installation of a DAQ system were also verified. A physical model
of rail fastening with a cartridge was assembled into which diagnostic systems and passive elastic
system were installed (considering the current extreme price of the piezo stack).
Based on the analysis, a reduction of dynamic forces of up to 15% can be estimated due to more
homogenous rail support stiffness.
Testing outputs from this project
These technologies have been explored at a conceptual level only.
Benefits
The innovative rail fastening was designed as a general solution, enabling diagnostics concerning
forces acting between rail and sleeper and rail vibration parameters. In the future, the further
development of technologies and their Availability in terms of technical solution and Availability
should also allow control of the stiffness of the rail fastening and possibly height adjustment.
A system of replaceable cartridges was chosen concerning the subtlety and sensitivity of the
intended devices. All active and passive elements are installed in a cartridge, which protects the
devices from dust and moisture under normal operating conditions. The cartridge is installed
under the rail fastening in the cylindrical cavity that is part of the baseplate. This approach allows
manufacture of a modified baseplate with the required accuracy for cartridge insertion. A flat boxshaped construction can also be designed for fastening systems used in ballastless track. It is
necessary to create a hole in the sleeper for the modified baseplate. That is why a plastic sleeper
seems suitable concerning the dimensions of the hole.
Relevant standards

•
•
•
•

EN1990 Eurocode – basis of structural design
EN1991-2 Eurocode 1: actions on structures - part 2: traffic loads on bridges
Standards related to rail fastenings
EN13146-1 Railway applications – track – test methods for fastening systems
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5.2.11

Functionally graded steel crossing

TRL

MAAP objectives

3–4

Reliability; Life Cycle Cost

Novelty

Concepts

Technology is fundamentally new

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Vehicle-based switching

Manufacturing readiness

Dependent technologies

Basic manufacturing principles have been identified

What we have done
Functionally graded materials have the potential to create unique microstructures in many
applications. Their use is a promising way to meet the requirements for localised strength and
plasticity parameters, in direct connection with the results of numerical simulations. This approach
to material optimisation in structural design fully corresponds with current trends in material
engineering.
The creation of sheets of materials with anisotropic composition and graded properties is
considered within the framework of the project. Development in this direction is a response to
the currently relatively precisely defined parameters of the limit state of the material in the wheel–
rail contact.
Initial experimental work will be carried out to verify the possibility of graded steel production
aimed at increasing the operational resistance and safety of critical parts of S&C. The creation of
a lamellar-layered structure oriented parallel to the contact surface is contemplated. The
combination of materials will be chosen to suppress the degradation process of cumulative
exhaustion of plasticity (ratcheting) in the wheel–rail contact.
In the small scale of reference samples, presenting ‘layer by layer’ production, the continuous
change of microstructure and composition of the prepared functional gradients will be studied.
This study will demonstrate the strategy for using graded structures to increase the fatigue
resistance of materials in the most stressed parts of S&C. An initial laboratory evaluation will be
performed for possible follow-up studies of strength and ductility of the functionally graded
crossings.
Why
The use of functionally graded material for the most dynamically loaded parts of S&C has the
potential to meet conflicting demands of impact resistance together with wear resistance.
In the case of the successful creation of a specific graded material for this application (material
combining high-alloy steel and steel with controlled plasticity), it is possible to reduce
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substantially the maintenance costs and also the negative environmental influences associated
with conventional reparation of worn parts.
The main purpose is to increase operational safety. Functionally graded material forms a natural
barrier against the critical development of surface-initiated cracks in wheel–rail contact.
Current state of the art
Traditional composites are characterised by an organised mix of different components, so they
are designed for applications with the desired compromise between the primary material
properties of each component. Contrary to that, functionally graded materials are created by a
compositional gradient and microstructural gradient from one sublayer to the other, so the
primary mechanical capacity of each component is kept and utilised.
To date, functionally graded materials have been designed for applications for severe abrasive
operating conditions or for minimising thermodynamic flow (e.g. metal–ceramic bonding).
For the intended application, i.e. for creation of a surface layer for heavily loaded parts of S&C, a
combination of common unalloyed steel with specific advanced steel with improved rolling contact
resistance will be used. So-called ‘bulk graded material’ is intended to be used for surfacing of
S&C with a continuous gradient of mechanical response with a width in the order of millimetres.
Modelling outputs from this project
Precise measurement of temperature and pressure during formation of the interphase is difficult.
For this reason, numerical simulation will serve to support the preparation of reference samples
of structural heterogeneous layers under laboratory conditions.
Comparative numerical analysis of heat development and thus plastic flow assessment in contact
of different materials will be carried out.
Testing outputs from this project
Initial laboratory tests will serve to assess the real capacity of an intended material combination.
Material analysis will focus on the impact of chemical heterogeneities. The materials used will
undergo localised thermomechanical treatment, so selected reference tests will be performed to
evaluate this effect.
Benefits
Improved operational resistance is associated with higher mechanical parameters of the contact
layer, along with suppressed wear rate compared to standard rail steel. Both parameters were
tested under laboratory conditions and comparative data of strengthening rate and wear rate are
available.
Relevant standards
Two types of steel are commonly used for heavily loaded parts of S&C:
1)
Hadfield steel, according to EN15689 – Railway applications – track – switches and
crossings – crossing components made of cast austenitic manganese steel.
2)
Grade B320 as a low-carbon carbide-free bainitic steel from British Steel; Grade B360 is a
slightly higher-carbon version of the B320 grade.
Relevant standards are only associated with homogeneous steels, for forged and cast steels, i.e.
without interphase.
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5.2.12

Acoustic inspection and monitoring of S&C

TRL

MAAP objectives

3–4

Reliability; Life Cycle Cost

Novelty

Concepts

Technology has been used successfully
outside of the railway

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Vehicle-based switching;
Conventional switch

Manufacturing readiness

Dependent technologies

Capability exists to produce prototype components in a
laboratory

What we have done
There were two workstreams within this development, the first using acoustic measurement as a
non-invasive technique to identify abnormal behaviour of point machines and switches during
operation. The second aspect to this development was exploring the opportunity to use acoustic
signals recorded during a vehicle passage to determine the health of the S&C contact geometry
and support conditions. Changes in the mechanical system lead to different vibration
characteristics and therefore change the features of the emitted acoustic signals. Characterisation
of different sound patterns can then be used for further fault detection and diagnosis algorithms.
Changes in sound patterns can indicate developing faults and can be used to estimate remaining
useful life or to target maintenance interventions.
Why
This technology can be used to detect the following:
•
•
•
•

anomalies in points machine operation and switch movement
wheel defects in the passing vehicle
undesirable changes in wheel contact geometry through the crossing
undesirable wheel/rail interaction at the switch toe

Current state of the art
Acoustic monitoring has been trialled in the railway and used by the partners for vehicle
component analysis and wheel/rail interaction. Outside this research, measurements of sound are
mainly used for environmental studies; however, as the behaviour of a dynamic system can
change the sound characteristics, the technology can be used for fault detection and diagnosis.
Outside the rail industry, condition monitoring using acoustic methods is mainly applied to
rotating machinery.
The current state of the art relates to array-based recording equipment with digital signal
processing to allow beamforming and targeting of the array, and processing algorithms associated
with health identification of specific targets.
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Modelling outputs from this project
Array design is carried out using computational models. These define sensor spacing and standoff
in order to specify the steerability and frequency response to ensure that the array is appropriate
to the target.
Testing outputs from this project
Proof of concept measurements were carried out in Brno. Testing and analysis are reported in
D3.1 (6). The field measurements demonstrate that appropriate signals can be captured in
varying environmental conditions. Laboratory tests indicate significant variations in audio and
sound-print outputs aligned with performance degradation over a number of fault modes which
could be used as part of an automated diagnosis or monitoring system.
Benefits
This technology is considered to be at a very low TRL so specific benefits have not been
substantiated.
It does have the potential for delivering better-informed maintenance rectification and could in
certain circumstances reduce the need for inspection.
Relevant standards
No specific standards identified for this technology.

5.2.13

Maglev actuator

TRL

MAAP objectives

3–4

Reliability; Life Cycle Cost

Novelty

Concepts

Technology has been used successfully
outside of the railway

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Conventional switch

Manufacturing readiness

Dependent technologies

Basic manufacturing principles have been identified

What we have done
The new idea is to use maglev actuators to switch the track that would contain no mechanical link
between the actuator and the switch rail. The rail could be switched simply by magnetic principles,
by attracting the rail towards the appropriately placed electromagnet.
Why
The common advantage of using this technology is the lack of contact and thus no wear and
friction. This increases efficiency, reduces maintenance costs and increases the useful life of the
system.
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Current state of the art
Many maglev systems have been proposed in different parts of the world. The most important
usage is in operation of magnetically levitated trains. Maglev trains are undoubtedly the most
advanced vehicles currently available to railway industries. Maglev systems also have various
uses, including in clean energy (small and huge wind turbines: in the home, office, industry, etc.),
building facilities for nuclear engineering (the centrifuge of a nuclear reactor), civil engineering
(elevators), advertising (levitation of everything considered inside or above various frames can
be selected), toys (trains, spacemen levitating over a space ship, etc.) and stationery (pens).
Modelling outputs from this project
Demonstration of rail track switching by using a novel technology.
Testing outputs from this project
The testing process has been started by checking the pull action of the switch upward as the
power of vertical actuators is switched on. The switch rail falls down when the power is switched
off. The second stage of the test involved a check of the sliding movement of the switch during
its suspension underneath the electromagnet actuator. It decreases the input current of the two
vertical actuators while increasing the input current of the left or right electromagnet actuator.
Current control is essential to avoid the switch rail falling down during power switching between
the vertical and the horizontal actuators. As expected, full movement of the switch has been
achieved during the testing process as shown in D6.1 (2) section 5.5.2.
Benefits
Non-contact actuation reduces wear, increases efficiency, reduces maintenance costs and
increases the useful life of the system.
Relevant standards
EMC standards.
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5.2.14

Optimising the properties of concrete bearers and track structure

TRL

MAAP objectives

3–4

Reliability; Life Cycle Cost; Environmental
Performance

Novelty

Concepts

Technology has been used successfully
outside of the railway

Back-to-back bi-stable switch; Single
slender switch; Pivoting switch rail;
Sinking switch; Vehicle-based switching

Manufacturing readiness

Dependent technologies

Manufacturing concepts and feasibility have been
determined and processes identified

What we have done
This project is seeking to optimise the mix of concretes to improve the damping properties whilst
retaining the other material performance properties required by the concrete sleeper standard –
EN13230. The use of waste tyre particles has improved the dynamic performance of concrete
while also helping to manage environmental waste. The improved dynamic performance will
suppress railway noise and vibration at source and will significantly reduce environmental impacts
on S&C.
Expanding on the work to optimise dynamic performance for bearers, the aim is to introduce selfhealing properties to the concrete without sacrificing strength. This development will research
different technologies to improve self-healing concrete for S&C bearer applications. The principal
focus of this study is to evaluate the self-healing properties of concrete using different self-healing
methods with the inclusion of crumbed rubber (to enhance a high degree of damping in concrete).
The three approaches to self-healing explored are bacteria-based, chemical-based and improved
autogenous (natural process intrinsic to the material properties).
Why
This technology has been developed to improve the damping characteristics of concrete bearers,
which will help to reduce the common failure mechanisms in the bearers themselves whilst also
improving the system’s response to dynamic loads, further improving load transfer to the ballast
and thus slowing the process of ballast degradation around S&C. The dynamic damping will
enhance the reduction of railway noise and vibration at source. Environmental impact reduction
at source is reported to be the most effective method for railway noise and vibration mitigation.
The use of crumb rubber can also enhance environmental management by using recycled
material. The rubber contains internal hazardous waste when landfilled. This research will thus
enhance the life quality of the public too. Several works have been carried out and published by
the principal investigator responsible for the tasks.
These preventive repair solutions aim to extend the service life of structures and infrastructures
while keeping their level of performance pristine. Incorporating self-healing capability in concrete
appears to be a promising sustainable alternative for extending the service life of track
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components, lowering maintenance costs and avoiding complicated repairs, by filling cracks at
the earliest stage of damage and allowing the recovery of properties, whether physical or
mechanical. Self-healing concrete enables a clear path to reduce unplanned track maintenance
costs. The capability will improve the life cycle of bearers and slabs by increasing the durability
of concrete.
Current state of the art
High-damping concrete has not yet been used in railway track sleepers or bearers. However, the
technology has been implemented on railway viaducts and track slabs.
The self-healing concrete technology is recently new. Its use is limited to non-structural
components. This work will provide the proof of concept and prototype for concrete
bearers/sleepers and its ability to be applied for track slabs.
Modelling outputs from this project
A feasible range of damping coefficients have been identified for modelling. The model can
perform the analysis to evaluate the improvement of wheel/rail interaction from the material
damping.
No specific modelling outputs will be undertaken on the self-healing technology although material
properties may be incorporated into the system models to evaluate system performance. The
characteristics of these materials should be similar or identical to existing concrete, so that the
component will not be compromised.
Testing outputs from this project
Lab testing of different concrete mixes will be undertaken to test for compressive strength and
damping ratio. This will help to refine the composition of material that can improve damping
without sacrificing strength.
A total of eight mixes were developed for the study of self-healing concrete. All mixes were tested
for compression strength, flexural strength and tensile splitting strength. Six mixes were tested
for self-healing ability, and the remainder were used as a control to refine the cracking procedure.
The test results will determine the suitable concrete technology for concrete bearers and
applications for track slabs.
Benefits

•
•

High damping (6–8%) can reduce load and increase traffic parameters

•
•
•
•

Improved performance and durability

•

Higher damping and self-healing capability can increase the service life of the bearers
(by around 30%).

High damping can suppress vibration (by 30–40%), prolonging the tightening of
signalling gears
Higher durability – crack healing so lesser need for inspection
Higher damping reduces dynamic forces slightly (3–5%)
The reduced dynamic load distribution will reduce the damage and densification of
ballast

Relevant standards
Concrete sleeper standard – EN13230.
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5.3

Assessment of TRL

Table 4: S-CODE development workstreams and TRL
Development
Actuation monitoring
and control

Autonomous inspection
and repair
Substructure and
dynamic impact
monitoring

2

TRL
4
5
6
Condition monitoring of points movement using
conventional technology and model-based analysis
Feedback controller with faulttolerant scheme
Acoustic inspection and
monitoring of S&C
Autonomous inspection using
drones
3

Condition monitoring of S&C
using dynamic response
Application of composite sleepers and bearers
Neoballast

Track stiffness design

Rail steel improvement
Actuation

Locking

Fault tolerance

5.4

Optimising the properties of
concrete bearers and track
structure
Tuneable stiffness fasteners
(active structure)
Functionally graded steel
crossing
Maglev actuator
High redundancy actuator
Lock using materials with
changeable properties
Novel locking mechanism using
magnets
High redundancy actuator
Feedback controller with faulttolerant scheme

7

Demonstrators
D8
D9
D3
D5, D6, D7
D1, D2, D4
D13, D14
D11
D12
D25
D10
D21
D24
D22, D23
D25
D24
D9

Discussion

The summary forms have helped to demonstrate how the project has moved the different
technologies forward in the context of Next generation S&C and are a good signpost towards the
evidence within the project for establishing TRL. Whilst the aspiration for this tool was to provide
the evidence for TRL, it is important to note that certain aspects within each of the technology
workstreams are more mature than others so the TRL assessment in Table 4 is a broad
assessment of the level the technologies have reached.
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5.5

Key points

•

Most of the technology workstreams are at TRL 3–4.

•

Related technologies have been grouped into technology workstreams for
application of the evaluation tools; there are sub-elements within each of
the workstreams that contribute to the overall development of that
workstream.

•

Demonstrators have been produced for each of the workstreams under
WP6, underpinning the TRL assessment.

Page 63 of 112

6

Technology impact (scoring)

The technology summaries presented in Chapter 5 help to demonstrate what work has been
achieved, the reasons for focusing on the technologies developed and the potential benefits of
successful deployment. Additionally, it was an important part of the evaluation process to assess
the potential for each of the technologies against the objectives of the project and the broader
objectives for the Shift2Rail demonstrator TD3.2.

In order to do this, each of the technologies were benchmarked against conventional S&C using
the core high-level parameters identified in WP1 and set out in deliverable document D1.1 (see
Figure 9). These core parameters have been used as a set of requirements against which the
technologies have been assessed. When benchmarking each of the individual technologies against
conventional S&C, what the project has actually done is to benchmark the new/enhanced
technology against the equivalent technologies currently deployed in S&C.

Figure 9: Summary of core parameters for S&C identified in WP1
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6.1

Scoring parameters and weightings

The parameters used in the assessment are set out in Table 5. These are very high level, given
that the Next generation switch could explore the application of any new technology or switching
concept. Within Table 5, the parameters have also been aligned to the one of the Shift2Rail
MAAP objectives so that through the evaluation it is possible to see what technologies offer the
most potential in the different areas and also how the combined developments of the project
could contribute to the different MAAP objectives.
Not all parameters are considered equal, and a weighting has been applied to differentiate the
importance of the different parameters in the scoring process.

Table 5: Parameters from WP1 used for benchmarking S-CODE technologies against
conventional S&C
Parameter
Mean time to repair
Scheduled maintenance time
Duty cycles
Maximum level of acoustic noise generated
Ride quality
Less energy-intensive to manufacture
Life
Automated manufacture, installation, inspection and maintenance
Retrofitting
Existing machinery/process can be used?
Mean time between service-affecting failures (MTBSAF)
Track support condition and transition zones
Vibration
Self-diagnostics (real time)
Rail steels to resist abrasive wear (nanotech for metallurgy)
Self-adjusting
Adaptive control
Reduction of Out of Correspondence
Self-healing
Obstacle detection

MAAP Objective
Capacity
Maintainability
Capacity
Customer Experience
Customer Experience
Environmental Performance
Capacity
Maintainability
Maintainability
Maintainability
Reliability
Reliability
Reliability
Maintainability
Reliability
Reliability
Reliability
Reliability
Reliability
Safety

Weighting
0.044737
0.042105
0.047368
0.044737
0.028947
0.047368
0.018421
0.036842
0.005263
0.002632
0.071053
0.052632
0.039474
0.060526
0.05
0.078947
0.071053
0.084211
0.073684
0.1

To establish the different weightings, each parameter was assessed against each of the others
for importance. In the assessment, a parameter was scored as zero if considered less important
than the other parameter, 0.5 if considered of equal importance and 1 if it was considered more
important; the detail of the weightings build-up is shown Table 6. These weightings were
discussed and agreed during WP7 meetings and the WP7 workshop.
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If row is more
important than
column, cell = 1;
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Scheduled maintenance time



Mean time to repair

Table 6: Parameter weightings for impact scoring

0.0289
0.0474
0.0184
0.0368
0.0053
0.0026
0.0711
0.0526

0.0500
0.0789
0.0711
0.0842
0.0737
0.1000
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6.2

Scoring criteria

Each technology was scored for each of the parameters in Table 5 using the criteria shown in
Table 7. The principle of the assessment was to score the technology upon whether it offers a
benefit over traditional technologies currently used in conventional S&C, and whether the benefit
could be supported by evidence developed within the S-CODE project. Technologies scored at 2
had stronger evidence to support the potential benefit from the technical work packages WP3, 4
and 5.

Table 7: Criteria for scoring parameters

6.3

Score
2

Criteria
Benefit over conventional S&C with some measurable evidence

1

Perceived benefit over conventional S&C discussed but not evidenced

0

Equivalent to conventional S&C

−1

Perceived disbenefit over conventional S&C discussed, but not
evidenced

−2

Disbenefit over conventional S&C with some measurable evidence

Assessment of technologies

In the first instance, the technologies were assessed independently by the respective technology
leads. A WP7 workshop was then held to discuss the results and any potential inconsistencies in
applying the assessment across the project. Responding to feedback during and after the
workshop, technology leads worked through the assessment again. Each of the technology
assessments were reviewed twice, firstly by someone within the project who sufficiently
understood the process and technologies and secondly by the WP7 leaders to ensure consistent
application.
The results shown in Figure 10 present a ranking of the different technologies across the project,
the highest-ranked technologies to the left of the graph potentially offering the biggest
opportunity over conventional S&C and those to the right of the graph offering a smaller
opportunity.
When considering the technologies assessed against all parameters, it is important to note that
all technologies have scored positively which suggests there is some benefit over conventional
S&C for all the technologies; however, there is still further development required in all cases to
substantiate the benefits.
This graph is best interpreted as a measure of confidence, at this stage, as to whether the
technologies could deliver improvements over conventional S&C. This measure is later used as
a confidence factor and applied to the LCC analysis; see Chapter 7.

Page 67 of 112

0.9000
0.8000
0.7000
0.6000
0.5000
0.4000
0.3000
0.2000
0.1000
0.0000

Figure 10: Impact scoring: total score for each technology assessed against all parameters

Breaking down the score by the MAAP objectives (see Figure 11) it can be seen that those scoring
well in the potential for Reliability, Maintainability and Capacity improvements score strongly
overall due to the relative weightings of the parameters. However, generally, few of the
technologies offer potential improvements in Customer Experience or Environmental
Performance and for those that do register a score, the potential improvement is relatively small.
This is largely attributable to the fact that more of the parameters align to Capacity, Reliability
and Maintainability and despite the weightings there is more opportunity to score well in these
areas.
None of the technologies register a score for a potential improvement in Safety, and a number
of the technologies actually show a negative score for Safety. However, the only parameter
aligned to Safety was obstacle detection. It doesn’t necessarily mean that application of the
technologies would reduce the Safety of the system, but it does highlight that there are issues
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or unknowns with application of the technology that would need to be resolved if they were to
be explored at a higher TRL.

1.00

Capacity

0.80

Customer Experience

0.60

Environmental
Performance

0.40
0.20
0.00
-0.20

Figure 11: Impact scoring: total score for each technology broken down by MAAP objective

Considering all technologies together can be helpful in determining future development activity.
However, the nature of many of the technologies is not comparable; for instance, introducing
new material in the substructure is very different from applying modifications to the control
system.
Figures 12, 13 and 14 consider the ranking of the individual technologies in each of the technical
areas, respectively: Next generation control, Next generation design and Next generation
kinematic systems. Considering the scoring at this level provides a more meaningful opportunity
to identify the potential merits of technologies that could be considered alternatives to each
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other. The opportunities for integrating the technologies are discussed in more detail in
Chapter 9.
0.9000
0.8000
0.7000
0.6000
0.5000
0.4000
0.3000
0.2000
0.1000
0.0000

Feedback controller
with fault tolerant
scheme

Condition monitoring Acoustic Inspection and
Autonomous
Condition monitoring
of points movement
monitoring of S&C inspection using drones of switch and crossing
using conventional
using dynamic
technology and model
response
based analysis

Figure 12: Technologies for Next generation control: monitoring and sensor systems
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Figure 13: Technologies for Next generation design: materials and components
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Figure 14: Technologies for Next generation kinematic systems: actuators and mechatronics

6.4

Discussion

When considering the results from the impact scoring it is important to consider the outputs to
be a measure of confidence, by the project team, that there is a benefit to be had by exploiting
the technologies in Next generation S&C. The scoring itself is not an absolute measure of
success. Therefore, it is important to reflect on the context of each of the different technologies
from Chapter 5. Some of the technologies exploit more mature concepts and generally, in those
cases, they score higher as there is a greater confidence in a successful outcome, whilst some
of the technologies explore far more novel concepts, hence there is less confidence in success,
but they may still be viable solutions.

Through the impact scoring assessment, the technologies with which the project has the most
confidence of success are:
1. Feedback controller with fault-tolerant scheme.
2. Application of composite sleepers and bearers.
3. High redundancy actuator.
4. Condition monitoring of points movement using conventional technology and modelbased analysis.
5. Functionally graded steel crossing.
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Key points

6.5
•

The impact scoring offers a measure of confidence that there is some benefit in
deploying this technology to S&C over current conventional technologies.

•

Whilst some technologies may score low here, they may be more novel and
could still be worth pursuing.

•

Most of the developments offer potential benefits to Capacity, Reliability and
Maintainability, but there is less opportunity to deliver improvements to Safety,
Environmental Performance and Customer Experience.
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7

Life Cycle Cost evaluations

7.1

Sizing the prize

The impact scoring tool outlined in Chapter 6 provided a measure of confidence in each of the
technologies in offering a benefit over conventional S&C. The third tool used in the evaluation of
this project was to undertake some LCC analysis to try and quantify the opportunity for deploying
the different technologies.
The approach was to develop a baseline LCC model for conventional S&C, then to apply this
model to each of the technologies, varying each of the parameters depending on where the
project considered there would a positive or negative impact of utilising the new technology. The
parameters were changed to indicate whether that impact would be low, medium or high.
Conservatively, a low impact would yield a 5% change in the baseline parameter, a medium
impact a 15% change and a high impact a 30% change.
The process for evaluation was similar to the impact scoring and run concurrently, whereby the
technical lead completed the first assessment, it was discussed during the WP7 workshop, then
updated by the technology lead, with two reviews, one locally and one by the WP7 leader.
7.2

Baseline model

The baseline cost model was an evolution of the model used in the INNOTRACK project, which
was refined using the outputs from the baselining undertaken in WP1. The parameters and
assumptions are outlined in Table 8. The baseline model was discussed and agreed during the
WP7 workshop.
Table 8: Life Cycle Cost S-CODE baseline model
Category

Description

Value

Unit

General

Traffic

25

MGT/year

General

Technical lifetime

625

MGT

Initial cost

Initial investment
cost

200000

€

Availability

Mean delay to
train service from
S&C failure

60.0

minutes

Notes on origin
INNOTRACK SP3 adopted 20 MGT;
analysis within S-CODE has shown that
many rail corridors operate with a higher
annual tonnage and with aspirations for
increased Capacity we have increased
this figure to 25 MGT.
INNOTRACK adopted 25 years; in the UK
Network Rail in its standards sets a
minimum life of 25 years, so I think it is
sensible to adopt this figure.
This cost covers installation logistics and
materials. Combining the INNOTRACK
values for initial installation and material
costs, the figure is approximately
€180,000. A recent assessment by
COMSA puts this figure between €175k
and €200k for Spanish installations;
there is some evidence from the UK to
suggest higher installation costs hence
€200k chosen for the baseline model.
Value taken directly from INNOTRACK
SP3; this still seems a sensible number.
Mean downtime parameter from D1.1
equated to 63.16 minutes, hence this
figure is sensible.
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Category

Description

Value

Unit

50.0

minutes

0.33

per failure

Availability

Time impact on
railway for
preventative
maintenance
activity
Probability for
train delay

Availability

Train delay cost

50

€/min

Maintainability

Preventative
maintenance
activities
including
inspections

15

maintenance
actions/year

0.5

hours

0.3

hours

240

MGT

Availability

Maintainability

Mean Time to
Repair (MTTR)
corrective
maintenance
MTTR
preventative
maintenance
Replacement of
crossing interval
Replacement of
crossing cost
Replacement of
switch blades
interval
Replacement of
switch blades
cost

Maintainability

Tamping interval

75

MGT

Maintainability
Maintainability

Tamping cost
Grinding interval

1500
100

€/intervention
MGT

Maintainability

Grinding cost

11000

€/intervention

Reliability

Failure rate

1.5

failures/year

Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

10000
160

MGT

Notes on origin
This is interpreted to be a measure of
time required for access to infrastructure
to complete preventative maintenance
task. I have taken the time for a
preventative maintenance activity
(20 minutes) plus 30 minutes for
access/egress. INNOTRACK SP3 adopted
the time of 1 hour.
Value taken directly from INNOTRACK
SP3; this still seems a sensible number.
Estimated using some historic
performance figures for the UK. For
FY11/12 the cost/min in GB was about
£32; this equated to around €40 (source:
ORR data). Data for Spain suggests this
could rise to €100/min for high speed.
The figure used in INNOTRACK was 20
preventative maintenance activities per
annum. I have estimated 15 activities per
annum based on 2 × switch inspections,
2 × cast crossing inspections, 4 × POE
maintenance activities and 7 gauging
activities.
Value taken directly from INNOTRACK
SP3; this is in agreement with the
analysis from S-CODE WP1. Network Rail
standard says maximum of 1 hour; this is
in agreement with the values of the AVE
(Spanish High Speed) lines, where it
reaches 28.67 minutes.
Value taken directly from INNOTRACK
SP3; it seems sensible. Network Rail
standard says maximum of 45 minutes.
Value taken directly from INNOTRACK
SP3; this still seems a sensible number.
COMSA data for Spanish Railway.
Material €6,500. Labour €3,000.
Value taken directly from INNOTRACK
SP3; this still seems a sensible number.
COMSA data for Spanish Railway.
Material €15,000. Labour €3,000.

18000

Every 3 years. Based on 25 MGT/year.
COMSA data puts the cost at €3,500 per
shift – estimated 2 turnouts per shift on
average.
Every 4 years. Based on 25 MGT/year.
COMSA data puts the cost at €11,000 per
turnout (metro turnout).
Value taken directly from INNOTRACK
SP3; the work done in S-CODE WP1
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Category

Description

Value

Unit

Cost

Workforce cost

75

€/h

NPV

Discount rate
Technical life for
calculation

5.00%

%

25

years

NPV

Notes on origin
looking at reliability on Spanish lines
agrees with this number.
INNOTRACK SP3 had a figure of €50 per
hour. I have estimated €75 which I have
taken to be a team of 2 people for 1 hour
inclusive of transport/welfare costs, etc.
Value taken directly from INNOTRACK
SP3; this still seems a sensible number.
See note above for technical life.
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Figure 15: Baseline model LCC profile

7.3

Assessment of technologies

Through varying the relevant parameters by potential impact, an LCC profile was produced for
each of the technologies (see Figures 17, 19 and 21).
Using the developed LCC profiles, the cumulative benefits at 30, 60, 90 and 120 years were
calculated for each of the technologies (see Figure 16).
It is important to note that the numerical value of the benefits (y axis) in each of the plots has
been deliberately omitted. The reason for this is that the LCC modelling and potential
improvements are based upon certain assumptions and judgements for technologies that have
been developed only up to TRL4. It was considered prudent to remove the values so as not to
encourage these estimated benefits to be taken as absolute. It is still possible to see from the
plots which technologies potentially yield the largest benefits, but further development is
required to refine what the actual monetary benefit would be.
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Savings against conventional S&C
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changeable using magnets
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Figure 16: Cumulative benefits of each technology at 30, 60, 90 and 120 years
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Cumulative cost (NPV)

Adopting a similar approach to the impact scoring, the results have been broken down by each
of the technical work packages with plots to show the LCC profile over 80 years and a plot to
show the cumulative benefits for each of WP3, 4 and 5, respectively.

Baseline Model
Condition monitoring of points movement using
conventional technology and model based analysis
Condition monitoring of switch and crossing using
dynamic response
Autonomous inspection using drones
Acoustic Inspection and monitoring of S&C
0
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80
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Savings against conventional S&C

Figure 17: LCC profile: technologies for Next generation control

Feedback loop with fault
tolerant control
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switch and crossing using
dynamic response

30 years

Condition monitoring of
points movement using
conventional technology
and model based analysis

Autonomous inspection
using drones

60 years

120 Years

90 Years

Acoustic Inspection and
monitoring of S&C

Figure 18: Cumulative benefits: technologies for Next generation control
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Cumulative cost (NPV)

Baseline Model
Optimising the properties of concrete bearers and
track structure
Application of composite sleepers and bearers
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Figure 19: LCC profiles: technologies for Next generation design
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Figure 20: Cumulative benefits: technologies for Next generation design
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Cumulative cost (NPV)

Baseline Model
High redundancy actuator
Lock using materials with changeable properties
Maglev Actuator
Novel locking mechanism using magnets
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Figure 21: LCC profiles: technologies for Next generation kinematic systems
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Figure 22: Cumulative benefits: technologies for Next generation kinematic systems
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Discussion

7.4

Most of the technologies appear to offer an LCC improvement, with the exception of Novel locking
mechanism using magnets which produces a negligible change to the baseline model. Reviewing
the profile shapes, it can be inferred that the control and monitoring elements offer potential
improvements in Reliability and Maintainability (LCC profiles are mainly displaced down), whilst
new design and material elements offer extended life (LCC profiles displaced right) and the
kinematic elements offer a mixture of the two (LCC profiles displaced down and right), which
aligns to the nature of the innovations.
Quantifying the benefits of deploying a technology currently at a low TRL is particularly
challenging and this is an assessment-based judgement from the evidence within the project.
As stated earlier in this chapter, the values have been deliberately omitted so that they are not
considered to be absolute benefits.
In a similar way that the impact score is considered a pseudo metric for confidence, the LCC
evaluation can be a pseudo metric for the size of the opportunity, considering both tools together
provided for the best assessment of which technologies offer the most attractive opportunity for
further development.
In Figure 23, the LCC cumulative benefits at 30, 60, 90 and 120 years have been adjusted by
multiplying the values by the impact scores.
The top 5 most attractive technologies now come out to be:
1. Condition monitoring of points movement using conventional technology and modelbased analysis.
2. Autonomous inspection using drones.
3. Condition monitoring using dynamic response.
4. Feedback controller with fault-tolerant scheme.
5. High redundancy actuator.
Referring to the impact scoring, Composite sleepers has dropped down the rankings; this is
because, whilst the confidence in success of the technology is high, the potential LCC benefits
are much lower than for some of the other technologies.

Key points

7.5
•
•
•

Almost all technologies explored within the project offer a potential
improvement in LCC.
The majority of technologies have a positive impact on Reliability/Maintainability
and/or extended lifespan.
Using the impact score for each technology, discussed in Chapter 6, to adjust the
LCC analysis provided a better steer as to which technologies offer the most
potential.
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Figure 23: Cumulative benefits adjusted for confidence
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8

Concepts

8.1

Evolution of the concepts through the work packages

Initially, the projects considered a variety of different concepts for S&C, from existing solutions
available to specific railways through to new and novel solutions. These were evaluated in WP2
(see deliverable D2.1 (4)), and the different types of movement were considered for the highestranking concepts. These were then evolved into five theoretical concepts to be taken forward in
WP5:
Table 9: Concepts developed under WP5
Concepts

Movement

Sinking switch

Vertical movement of switch

Back-to-back bi-stable switch

Bending of switch rail along its principle axes
(vertical arc)

Single slender switch

Large lateral movement

Pivoting switch

Rotation of the switches

Vehicle-based switch

Passive infrastructure – no movement

The five concepts were evaluated in deliverable D5.1 (8) Chapter 2 using SWOT analysis, which
led to two of the five concepts being excluded from further development under S-CODE.
•

Pivoting switch – an increase in dynamic effects expected due to component wear during
the lifespan, durability deterioration, impact on Safety in comparison with the current
S&C concept; the expected benefits can’t justify these disadvantages.

•

Sinking switch – significant reduction of Safety due to risk of flange climbing the rail.

The Back-to-back switch and the Single slender switch were developed further in WP5. The
Vehicle-based switch concept was considered further in WP5; however, due to the very low TRL
of this concept, it being vehicle-focused, and the amount of fundamental research required being
large, it was decided that this is would not be a significant focus for the project although a
physical model demonstrating the concept was produced.
During completion of the technology summaries, each of the technologies has been mapped to
the concepts to identify which technologies can be applied to which concepts. This is presented
in Table 10 which shows that most of the technologies can be deployed with most of the
concepts.
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Table 10: Mapping of technologies to concepts

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y

Conventional

Y
Y
Y
Y
Y

Vehicle-based

Pivoting switch

Y
Y
Y
Y
Y

Sinking switch

Single slender

Autonomous inspection using drones
Condition monitoring of S&C using dynamic response
Tuneable stiffness fasteners (active structure)
Acoustic Inspection and monitoring of S&C
Condition monitoring of points movement using conventional technology
and model-based analysis
Application of composite sleepers and bearers
Neoballast
Lock using materials with changeable properties
High redundancy actuator
Novel locking mechanism using magnets
Functionally graded steel crossing
Maglev actuator
Optimising the properties of concrete bearers and track structure
Feedback controller with fault-tolerant scheme

Back-to-back

Technology development

Y
Y
Y
Y
Y

Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y

Y

Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
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8.2

Back-to-back switch

The project has modelled the feasibility of the Back-to-back switch as illustrated in Figures 24
and 25. A scale-model demonstrator has also been produced to further validate the concept.
The philosophy is twofold, firstly to reduce wheel transfer loads and secondly to intrude a bistable device whereby the switches will always be in one position or the other. Following the
development work in WP5 and production of the demonstrator in WP6, the key merits of this
concept are summarised in Table 11.

Figure 24: General arrangement for B2B switch
concept

Figure 25: Movement trajectories for rails in
B2B switch

Table 11: Key advantages of the B2B switch along with areas requiring further development
Key advantages

Areas
requiring
further development

1.

No changes to equivalent conicity while running through the turnouts – the kinematics of
passing vehicles are equivalent to plain track. Use of the same rail profile as the plain track
along the whole turnout. Homogenous vertical stiffness.
2. Modular, because only one type of switch can be used everywhere. Potentially simpler
machining for switch blade.
3. Reduced complexity.
4. Uninterrupted running surface – minimisation of dynamic effects during vehicle passage. A
potentially smoother transition through both the switch blade and crossing.
1. Substantial amount of moving rail parts. Possible difficulties in controlling the correct
bending of rails over the full length. Increased stress caused by lateral and vertical bending,
material fatigue – bending stress.
2. Insulated joins would become part of the moving blade; special design required.
3. Necessity to move rails in the vertical direction, which could be sensitive to obstacles or
snow.
4. Stability of internal rails because of the short-fastened rail section, transfer of longitudinal
break and acceleration forces.
5. Interruption of CWR – thermal expansion of rails.
6. The crossing is an active element – this increases complexity.
7. Greater number of rail joints (4 joints into the track) will increase the dynamic load caused by
passing vehicles.
8. Trailing – other controls needed. Creates a break in the track for the unused route – wrong
side signalling failure will result in derailment.
9. Discontinuity in rail head profile over time caused by uneven wear between the rails because
of different levels of traffic.
10. Twice the amount of moveable parts compared to existing turnouts – increased demand for
maintenance.
11. Limited life cycle of the bending elements.
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8.3

Single slender switch

The project explored the feasibility of a Single slender switch design as illustrated in Figure 26.

Figure 26: Full Single slender switch design

Figure 27: Optimised Single slender switch
design

The full version of the Single slender switch has been shown within WP5 and WP6 not be practical
given the challenge of trying to optimise a switch profile on both sides of a single thin switch
rail, with the necessary durability and interface with the stock rails. However, an optimised
solution has been demonstrated for the crossing area as illustrated in Figure 27. This solution
could be deployed with conventional switches and would significantly reduce the dynamic loading
in the wheel transfer through the crossing. This solution could sensibly be integrated into
conventional S&C designs. Following the development work in WP5 and production of the
demonstrator in WP6, the key merits of this concept are summarised in Table 12.

Table 12: Key advantages of the Single slender switch concept along with areas requiring
further development
Key advantages

1.
2.
3.

4.
5.
6.
7.

Areas requiring
further
development

8.
1.
2.
3.
4.
5.
6.

Modular design.
Profile through turnout can be controlled.
Reduced dynamic loading around crossing. Improved consistency of track stiffness through the
layout. Reduction in discontinuity of running surface around the crossing which will have an
improvement on dynamic loads. Without crossing and check rails. No changes to equivalent
conicity while running through the crossing area. Reduced wear of parts in the crossing area.
It is possible to insert it into continuous welded rail.
Fewer rail fastenings.
The traditional switch could be kept while changing the crossing and the transition zone (rail
between switch and crossing).
May offer a smoother transition for high-speed turnouts, particularly through the crossing
area.
Simple replacement of the moveable rail.
An active crossing – more complicated, expensive and risky than standard designs.
Turnout is non-trailable – derailment in case of running from the wrong (unswitched)
direction.
De-icing/melting of snow required for a large area to guarantee high Availability of the
crossing.
More maintenance needed: greasing, geometry, calibration, etc. Maintenance increases due
to number of actuation and locking components.
Higher probability that a simple obstacle (i.e. stone) blocks the movement of the crossing part.
Differential wear between routes of the crossing.
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8.4

Vehicle-based switch

Figure 28: Visualisation 1 of Vehicle-based switch
system

Figure 29: Visualisation 2 of Vehicle-based
switch system

This concept is a fundamental change in the design of the railway, with the profiles of wheel and
rail inversed, that is to say that the wheels adopt a flangeless profile and the flanges are applied
on the rail. In this way, the vertical running table is uninterrupted, significantly reducing dynamic
loads around S&C as transfer of the loads around the switches and the crossing are eliminated.
The means of switching track is by a mechanical device on board the train that is moved from
one side to the other to switch routes. This mechanical device engages with a checking block in
the 4ft then steers the vehicle to the appropriate route.
Whilst this concept is not appropriate for mainline railways, it is felt that there may be
opportunities for this concept in light rail where there is a captive network. Following the
development work in WP5 and production of the demonstrator in WP6, the key merits of this
concept are summarised in Table 13.
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Table 13: Key advantages of the Vehicle-based switch concept along with areas requiring
further development
Key advantages

1.
2.
3.
4.
5.
6.
7.
8.
9.

Areas
requiring
further development

1.
2.
3.
4.

No moveable components in the S&C structures. Passive S&C that requires no power, no
control and no interlocking = potentially massive cost savings. Potentially massive savings in
terms of manufacture, installation, commissioning, maintenance and renewals.
There would be no gaps, moving switches or moving crossing noses.
Fixed track components could work with CWR.
Installation could be simpler with limited onsite adjustment.
Significantly smaller footprint as no space required for drive mechanism.
Increased resilience to environmental conditions.
Facilitates virtual and dynamic coupling (i.e. where trains split dynamically to take different
routes).
If vehicles allow for it, higher speeds could be achieved.
This concept will help towards bringing autonomous vehicles on to the network and shorter
headway to increase Capacity.
Wheel and rail profiles.
Onboard mechanism for engagement with checking block; considerations for additional weight
of the bogies.
Design for onboard system ensuring both bogies are routed correctly.
Interaction between units of a train.
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Discussion

8.6

The project has studied different philosophies for switching trains between tracks. With a process
of continued evaluation, through the development stages, three alternative concepts have been
developed with potential for Next generation S&C. Within this project, a range of technologies
have been produced to modify and enhance different elements of S&C. It has also been shown
that most of the technologies could be deployed on any of the concepts.
The three concepts offer a different scale of change to conventional S&C. At one end of the
spectrum, conventional S&C is considered as a baseline concept; a variation to this could be
conventional switches with the application of the optimised Single slender switch for the crossing
area. A larger step away from conventional S&C would be to take advantage of the Back-to-back
switch, and a fundamentally different concept could be the Vehicle-based switch.
The project outputs are therefore a selection of concepts, with an increasing variation from
conventional S&C and a suite of technologies that could be deployed in different combinations
on each; this is illustrated in Figure 30.

Figure 30: Relationship between S-CODE concepts and technologies

Key points

8.7

•

S-CODE has developed three concepts with differing variation from
conventional S&C: one concept is an enhancement to conventional S&C, one is
a step change and one is a fundamentally different system.

•

The different concepts can suit different applications but many of the
technologies can be deployed to the different concepts in different
combinations.
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9

Integrated technologies

9.1

Relationships between S-CODE technologies

A range of technologies have been taken from the earlier stages of the project through to
demonstrators. Whilst it is important to consider the merits of the each of the individual
technologies, it is also important to consider how the technologies can be put together in the
context of a complete S&C system.
Table 14 sets out whether the technologies are complementary (C) and could work well together
in an S&C system or whether they are alternative (A) options to consider. The table also sets out
where one technology may be not compatible (N). Where there is no direct relationship between
two technologies, but they could be used in an S&C system independently, they have been marked
with an (I).
The majority of the technologies demonstrated are independent and therefore could be put
together in combination to optimise S&C systems. However, within each of the technical work
packages there are some complementary technologies that could work well combined; some
examples are discussed further in section 9.2. It can also be seen that the project has
demonstrated alternative options for bearer material as well as alternative opportunities for novel
actuation for Next generation S&C.

9.2

Examples of integrated S-CODE technologies

It is evident from Table 14 that there are numerous combinations of S-CODE technologies that
could be put together to modify and enhance Next generation S&C. With the exception of the
actuation mechanism, locking mechanism and bearer material, it would be possible to apply any
combination of the remaining technologies. It is not possible within this document, particularly
considering the TRL at which this project has been working, to review and evaluate all the
combinations in turn. However, it is possible to consider each of the technical work packages and
examine in more detail how the complementary technologies can work with each other to yield
increased benefits.
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Feedback controller with fault-tolerant scheme

WP4
WP4

Optimising the properties of concrete bearers and track
structure
Application of composite sleepers and bearers

WP4

WP4

WP5
High redundancy actuator

WP4

WP5

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

C

C

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

C

C

I

I

A

C

C

C

I

I

I

I

C

C

C

I

I

I

I

C

C

I

I

I

I

C

I

I

I

I

I

I

I

I

C

I

C

C

C

I

I

C

I

I

I

I

I

I

I

I

I

I

I

A

Functionally graded steel crossing

I

I

I

I

I

C

C

Neoballast

I

I

I

I

I

C

C

C

WP4

Tuneable stiffness fasteners (active structure)

I

I

I

I

I

C

C

C

C

WP5

High redundancy actuator

I

I

I

I

C

I

I

I

I

I

WP5

Lock using materials with changeable properties

I

I

I

I

C

I

I

I

I

I

C

WP5

Maglev actuator

I

I

I

I

I

I

I

I

I

I

A

N

WP5

Novel locking mechanism using magnets

I

I

I

I

I

I

I

I

I

I

C

A

C
N

Complementary technologies
Technologies not compatible

C

Novel locking mechanism
using magnets

I

I

Maglev actuator

I

I

Lock using materials with
changeable properties

I

C

Tuneable stiffness
fasteners (active
structure)

C

I

Neoballast

C

WP4

Independent technologies
Alternate technologies

WP5

C

WP4

I
A

WP5

Functionally graded steel
crossing

WP3

WP3

WP4
Application of composite
sleepers and bearers

C

WP3

Autonomous inspection using drones
Condition monitoring of points movement using
conventional technology and model-based analysis
Condition monitoring of S&C using dynamic response

WP4
Optimising the properties
of concrete bearers and
track structure

Acoustic inspection and monitoring of S&C

WP3

WP3
Feedback controller with
fault-tolerant scheme

WP3

WP3
Condition monitoring of
S&C using dynamic
response

WP3
Condition monitoring of
points movement using
conventional technology
and model-based analysis

WP3
Autonomous inspection
using drones

WP3
Acoustic Inspection and
monitoring of S&C

Table 14: Relationships between the S-CODE technologies

A

C

N

A
N

N
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9.2.1

Example 1 – Monitoring – combined monitoring techniques

Focusing on the WP3 technologies, the solutions help to understand the condition of the S&C,
how it is performing, whether the performance and condition are stable or whether they are
deteriorating and how fast. All of these elements help to make better decisions about the assets
and optimise the way they are operated and maintained. The different monitoring techniques
offer different information about the system and in their own right provide some benefit. However,
by combining technologies, there is an opportunity to capture and evaluate multiple channels of
data, allowing far greater opportunities and potential for self-diagnosis and potentially prognostic
assessment.

Consider the technologies from WP3 that offer the most potential from Chapter 7: Fault-tolerant
control, Condition monitoring of points movement using conventional techniques with modelbased analysis, Condition monitoring using dynamic response and Autonomous inspection using
drones. Figure 31 highlights some of the potential opportunities from combining these
technologies.

Whilst acoustic monitoring didn’t yield as much potential as some of the other technologies, this
could be something that could be deployed on a site-specific basis, as an additional channel of
information to solve a problem. It also important to note that there is an overlap of the information
that this technology would provide with the information from the other condition monitoring
workstreams.

It is also important to note that this combination of technologies from WP3 is generally agnostic
to the concept, i.e. this could be developed to be deployed in any of the concepts as well as being
deployed on conventional S&C designs.

Table 15: Combined monitoring technologies

Figure 31: Potential opportunities from combining WP3 technologies
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9.2.2

Example 2 – Materials – Neoballast and composite bearers

The infrastructure-related technologies developed in the S-CODE project for S&C (see deliverables
D4.1 (5) and D4.2 (9)) are disruptive innovations that affect different physical elements of the
railway infrastructure (rail, fasteners, bearers and ballast) and which could be naturally combined
in an integrated solution to improve the performance of the individual technologies on a
standalone basis.
One of the most promising possible combinations of technologies delivering an outstanding
performance could be:
•

•

•

•

Neoballast, in the ballast layer, providing a better load distribution for the S&C, reduced
stiffness for the whole S&C area, higher durability, reduction of LCC, a higher contact
area with the bearers/sleepers and a better noise and vibration performance.
Composite sleepers and bearers, offering improved damping characteristics and
increased durability, which improves the capability of track support to provide more
reliable whole-life conditions for other systems (e.g. switch control, motor support,
signalling gear support) and leads to an extended lifespan and to a reduction of
maintenance costs throughout the life cycle of the system.
Tuneable stiffness fasteners, improving asset reliability by enabling diagnostics of forces
and vibrations between rail and sleepers and allowing dynamic adjustment of the
stiffness according to the weight of passing trains while considering the differences of
stiffness throughout the turnout. Indeed, they offer the possibility of incorporating
energy harvesting systems to support monitoring and control, as long as a cartridge is
inserted into baseplates and sleepers. Composite sleepers would be suitable for that
purpose.
Heterogeneous contact layer, for the rail, improving operational resistance by increasing
the rail strength and reducing the wear rate, while mitigating the development of
surface-initiated cracks in wheel–rail contact, hence increasing safety and reducing
maintenance costs.

The combination of the above technologies would create a synergy that would boost the benefits
of each individual technology on its own. For instance, many maintenance interventions in the
infrastructure take place when the first element (rail, fastener, base plate, sleeper or ballast)
needs to be repaired or renewed, even if the other elements are still in good condition. On many
occasions, the other elements of the infrastructure are also renewed because they would not last
until the next track renewal, incurring a misuse of the elements and increasing LCC. If all the
elements have an extended lifespan, then track maintenance and renewal interventions can
actually be reduced, and so can track possession times, service disruptions and LCC.
Please note that the above technologies could be applied independently or in any combination to
a conventional S&C and to any of the disruptive concepts developed within the project, i.e. Single
slender switch, Back-to-back bi-stable switch, Pivoting switch rail, Sinking switch, Vehicle-based
switch.
The benefits of these technologies on a standalone basis have been quantified in previous sections
of this document and they can be assumed at this TRL to be able to perform better when working
together and properly integrated. However, it is difficult to measure and quantify the benefits of
combining these technologies. For this purpose, further investigations and modelling would need
to be carried out in order to better understand interactions of the elements.

Page 92 of 112

Example 3 – Kinematics – reliable actuation and locking

9.2.3

The most promising combination from WP5 could exploit the High redundancy actuator and
Locking using material with changeable properties. Whilst the High redundancy actuator would
improve the Reliability of actuation through built-in redundancy in the locking, the MR damper
would separate the locking from the movement mechanism, simplifying the overall system and
potentially improving the Reliability and Maintainability.
Furthermore, considering these elements of the system alongside those of WP3, there are obvious
benefits where condition monitoring and fault-tolerant control could enable the High redundancy
actuator to be operated and controlled in a degraded state with the means to establish the optimal
time for maintenance. Both of these elements could also be deployed in conventional S&C and
potentially in the other concepts with moving switch parts.

Key points

9.3
•

Many of the technologies can work in different combinations together; only a
few examples have been considered in this report.

•

In each of the technical areas, there are advantages to putting some of the
technologies together as combined they unlock additional benefits. However,
they may imply additional risks too.
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Conclusions

Evaluation of the S-CODE outputs has been completed using three levels of assessment. These
levels include the assessment of TRL through examining the evidence of development work
generated by the project, a qualitative assessment of the impact of each of the technologies
through a scoring process, and an LCC analysis to attempt to quantify the potential of the different
technologies.
The key principle in the evaluation has been to benchmark the potential of deploying the new
technologies against the performance of technologies used in current conventional S&C.
Assessment has been made for different groups of technologies with consideration as to how
different discrete technologies could be combined in a complete S&C system, as well as
consideration of how the different technologies could be deployed with the different concepts.
Each of the individual technologies has considered the technical risks and potential barriers to
future development and has identified key standards that need to be considered in developing
the technology further.
The evaluation has indicated that the technologies developed within the S-CODE project have, in
general, better performance than current technologies for S&C and have the potential for a
positive impact on achieving the MAAP objectives. Most of the developments offer potential
benefits to Capacity, Reliability and Maintainability; however, there is less opportunity to deliver
improvements to Safety, Environmental Performance and Customer Experience.
Almost all technologies explored within the project offer a potential improvement in LCC. Whilst
the evaluation process undertaken within S-CODE used monetary values in the LCC analysis,
given the lower TRLs, only LCC profiles have been published. The qualitative impact score has
been used as a confidence factor to adjust the LCC analysis, thus providing a better steer as to
which technologies offer the most potential.
Technologies related to monitoring and control (WP3) have a better performance in terms of LCC.
This may be due to the fact that the initial investment is relatively low in comparison to the
expected benefits. It is also evident that the technologies for monitoring are at a higher level of
maturity, so the opportunity comes from how the technologies are integrated and used.
Consequently, there is greater confidence in the realisation of the benefits.
Technologies related to infrastructure (WP4) and actuation and locking devices (WP5) still offer
benefits when considering LCC compared to conventional technologies. WP4 technologies are
generally an optimisation of conventional components, improving application materials to
optimise and control load transfer and mitigate system degradation from the increase in dynamic
loads through S&C. Whilst the benefits may not be large, there is confidence in the deployment
of these technologies. WP5 technologies offer some novel solutions for actuation and locking
which have the potential to simplify Points Operation Equipment and improve Reliability; however,
further development work is required to have confidence in the benefits of some of these
technologies.
The majority of the technologies demonstrated can be deployed independently and therefore
could be put together in a variety of combination to optimise conventional S&C systems. Most of
the technologies could be deployed with the different concepts that have been developed by the
project.
The project has considered an extensive range of concepts for switching trains between tracks.
It has considered a variety of different movement types and component arrangements. It has
been shown to be challenging to identify alternative approaches to conventional S&C that are
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both practical and have better potential than the current state of the art. The Back-to-back bistable switch is the most promising of the concepts explored, and the demonstrators show how
it could work practically.
The Single slender switch concept is not practical given the challenge of trying to optimise a
switch profile on both sides of a single thin switch rail, with the necessary durability and interface
with the stock rails. However, optimisation of this concept has led to a potential alternative to
conventional crossings and is worth exploring further.
The most radical of the concepts is the Vehicle-based switch and whilst this is not currently a
practical solution for mainline railways, owing to the fundamental shift in wheel–rail interaction
(inverse profiles), it has been shown that there could be benefits for this solution for deployment
in new light rail captive networks.
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Recommendations for future developments

The benefits of the technologies on a standalone basis have been quantified in previous sections
of this document, and they can be assumed at this TRL to be able to perform better when working
together and properly integrated. However, it is difficult to measure and quantify the benefits of
the combination of these technologies. For this purpose, further investigations and modelling
would need to be carried out in order to better understand interactions of the elements.
Whilst some of the technologies may have shown a low impact, it is important to remember that
this project has considered some of the technologies at a low TRL. There may still be value in
pursuing some of these technologies further, particularly where they are complementary to other
technologies for which the potential benefits are shown to be higher.
The technologies with the most potential should be analysed with different combinations in order
to maximise performance in terms of MAAP objectives and LCC. Simulation and testing will be
needed. Demonstrators of the most promising combinations should be brought forward and
assessed.
There are two concepts for Next generation S&C that offer potential for further exploration. The
first is the Back-to-back bi-stable switch which could offer improved Reliability in switching and
improved dynamics at the crossing. Further development work here could explore the
management of thermal effects in the rail and deployment of this solution in CWR. The second
concept with potential for further exploration is the optimised Single slender switch which could
offer benefits as an alternative to conventional crossings. Future development of this concept
should compare this solution against a swing nose crossing to compare wheel–rail interaction and
also determine whether there are opportunities for improved Reliability in operation of the
crossing.
The Vehicle-based switch concept is a fundamentally different philosophy for wheel–rail
interaction. However, it could only ever be realised on a new railway with a captive network and
therefore could be further developed for light rail scenarios.
Further analysis should home in on the potential barriers, technical risks and standards to be
addressed with the combination of technologies. It may be that some combinations are possible,
but they imply a higher risk than when used alone.
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Appendix – LCC analysis data

The following pages capture the data included in the LCC analysis. The data shows the
assumptions made and the adjustments to the baseline model that underpins Chapter 7 of this
report.
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Demonstrator
Populated by
Date

Optimising the properties of concrete bearers and track structure
Sak Kaewunruen, Miquel Morata
25/07/2019
Step 1

Please indicated whether your demoinstrator has a Postive or negative impact on any of these paramenter Negative
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category

S_CODE Description

S_CODE Value

Unit

Postive of Negative Impact

General
General
Initial Cost

25
625
200000

MGT/year
MGT
€

None
Positive
None

60.0

minutes

None

50.0
0.33
50

minutes
per failure
€/min

15

Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

Traffic
Technical life time
Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost
Preventative maintenance activities ,
including inspections
Mean Time To Repair (MTTR) corrective
maintenance
Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost
Replacement of switch blades interval
Replacement of switch blades Cost

Maintainability
Maintainability
Maintainability
Maintainability
Reliability
Cost
NPV
NPV

Tamping Interval
Tamping Cost
Grinding Interval
Grinding cost
Failure rate
Workforce cost
Discount rate
Technical life for calculation

Availability
Availability
Availability
Availability
Maintainability
Maintainability

Magnitude of Impact

Rationale
High damping can reduces load >> increase traffic parameters,
self-healing increases durability.
Durability can be improved.

% Adjustment

Adjusted value
0
15
0

25
718.75
200000

None

0

60

None
None
None

None
None
None

0
0
0

50
0.33
50

maintenace actions/per year

Positive

Low

5

14.25

0.5

hours

None

None

0

0.5

0.3
240
10000
160
18000

hours
MGT

None
Positive
None
Positive
None

None
Low
None
Low
None

0
5
0
5
0

0.3
252
10000
168
18000

75
1500
100
11000
1.5
75
5.00%
25

MGT
€/intervention
MGT
€/intervention
Failures/year
€/h
%
years

Positive
None
None
None
Positive
None
None
None

Low
None
None
None
Low
None
None
None

5
0
0
0
5
0
0
0

78.75
1500
100
11000
1.425
75
0.05
25

MGT

None
Medium
None

Higher durability - crack healing - lesser need for inspection

Higher damping reduces dynamic forces slightly
Higher damping reduces dynamic forces slightly
The reduced dynamic load will reduce the damage and
densification of ballast

Reduced dynamic load but too small for wheel/rail
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Demonstrator
Populated by
Date

Application of composite sleepers and bearers
Sak Kaewunruen, Miquel Morata
25/07/2019
Step 1

Please indicated whether your demoinstrator has a Postive or negative impact on any of these paramenter Negative
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category

S_CODE Description

General
General

Traffic
Technical life time

Initial Cost

Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost

Availability
Availability
Availability
Availability

Preventative maintenance activities ,
Maintainability including inspections
Mean Time To Repair (MTTR) corrective
Maintainability maintenance
Mean Time To Repair (MTTR)
Maintainability preventative maintenance

S_CODE Value

Unit

Postive of Negative Impact

Magnitude of Impact

25
625

MGT/year
MGT

None
Positive

200000

€

Negative

Low

60.0

minutes

None

None

50.0
0.33
50

minutes
per failure
€/min

None
None
None

None
None
None

0
0
0

50
0.33
50

None
Medium

15

maintenace actions/per year

Positive

Low

0.5

hours

None

None

0.3

hours

Positive

Low

Maintainability Replacement of crossing interval
Maintainability Replacement of crossing cost

240
10000

MGT

Positive
None

Medium
None

Maintainability Replacement of switch blades interval
Maintainability Replacement of switch blades Cost

160
18000

MGT

Positive
None

Medium
None

75

MGT

Positive

High

1500
100
11000
1.5
75
5.00%
25

€/intervention
MGT
€/intervention
Failures/year
€/h
%
years

None
Positive
None
Positive
None
None
None

None
Low
None
Low
None
None
None

Maintainability Tamping Interval

Maintainability
Maintainability
Maintainability
Reliability
Cost
NPV
NPV

Tamping Cost
Grinding Interval
Grinding cost
Failure rate
Workforce cost
Discount rate
Technical life for calculation

Rationale
% Adjustment
Very high damping can reduces load >> increase traffic
parameters, composite bearers have a resin for repair to
improve durability.
Durability can be improved singificantly.
Expensive (relatively) but still not significant when considering
labour costs. Automation cost is unknown (but can be very high
at this stage).

Higher durability - crack healing - lesser need for inspection. The
composite material is very resilient and difficult to break. The
automation will enhance the preventative maintenance and
repair.

Automation can improve this aspect.
Higher damping reduces dynamic forces slightly. However, the
compisite bearers do not break or allow large movements,
resulting in longer time to repair the crossing. Automation can
enhance the replacement of crossings.
Higher damping reduces dynamic forces slightly. However, the
compisite bearers do not break or allow large movements,
resulting in longer time to repair the switch. Automation can
ehnace the replacement of switch (saving costs).
The reduced dynamic load will reduce the damage and
densification of ballast. The high-damping and low stiffness will
reduce load transferred onto ballast.

Self-extinguish - high tolerance to fire.
Reduced dynamic load but too small for wheel/rail

Adjusted value

0
15

25
718.75

5

210000

0

60

5

14.25

0

0.5

5

0.285

15
0

276
10000

15
0

184
18000

30

97.5

0
5
0
5
0
0
0

1500
105
11000
1.425
75
0.05
25
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Contact layer
UPA
25/07/2019
Step 1

Please indicated whether your demoinstrator has a Postive or negative impact on any of these paramenter Negative
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category

S_CODE Description

S_CODE Value

Unit

General

Traffic

25

MGT/year

General

Technical life time

625

MGT

Initial Cost

200000

€

Maintainability
Maintainability
Maintainability

Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost
Preventative maintenance activities ,
including inspections
Mean Time To Repair (MTTR) corrective
maintenance
Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost

Maintainability
Maintainability

Availability
Availability
Availability
Availability
Maintainability
Maintainability

60.0

minutes

50.0
0.33
50

minutes
per failure
€/min

15

maintenace actions/per year

0.5

hours

0.3
240
10000

hours
MGT

Replacement of switch blades interval
Replacement of switch blades Cost

160
18000

MGT

Maintainability
Maintainability

Tamping Interval
Tamping Cost

75
1500

MGT
€/intervention

Maintainability
Maintainability

Grinding Interval
Grinding cost

100
11000

MGT
€/intervention

Reliability
Cost
NPV

Failure rate
Workforce cost
Discount rate

1.5
75
5.00%

Failures/year
€/h
%

NPV

Technical life for calculation

25

years

Postive of Negative Impact

Magnitude of Impact

None

None

positive

Medium

negative

Low

None

None

positive

Medium

None
None

None
None

positive

Low

None

None

None

None

positive
Negative

High
Low

positive

Medium

negative

Low

Positive

Low

None

None

Positive

High

None

None

positive

Medium

None
None

None
None

Positive

Medium

Rationale
% Adjustment
The traffic may be increased by using better steel, particularly as
a fixed crossing.
Increased rolling contact resistance and reduced wear rate lead
to increased lifetime; both were measured at laboratory
conditions using the comparison of novel vs. standard steel
Higher technology costs should be compensated by lower bulk
steel costs (as a replacement for currently used high alloy steel),
but some increase in initial costs should be still considered
because of necessary device development.

Preventive maintenance (in this case means the running path
grinding) should be generally less time-consuming.

Extended maintenance and inspection interval is associated
with suppression of surface layer degradation

In case of surface wear as a reason for replacement
The fixed crossing cost will be higher.
The surfacig by high strength steel is adaptable also for switches
blades
Better steel -> less wear -> the transmission area of fixed
crossing will be longer time in optimal state -> less dynamic
impact -> longer interval for temping.
Surface fatigue defects (as Head Check) initiation and
propagation would be suppressed
Failures initiated by surface-initiated cracks would be
suppressed

The lifetime of fixed crossing (swich blades) may be longer,
dependent on MGT/year.

Adjusted value
0

25

15

718.75

5

210000

0

60

15
0
0

42.5
0.33
50

5

14.25

0

0.5

0
30
5

0.3
312
10500

15
5

184
18900

5
0

78.75
1500

30
0

130
11000

15
0
0

1.275
75
0.05

15

28.75
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Neoballast
Miquel Morata (COMSA)
25/07/2019
Step 1

Please indicated whether your demoinstrator has a Postive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category

S_CODE Description

S_CODE Value

Unit

Postive of Negative Impact

General

Traffic

25

MGT/year

None

General

Technical life time

625

MGT

Positive

Medium

Initial Cost

Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost

200000

€

Negative

Low

60.0

minutes

None

None

50.0
0.33
50

minutes
per failure
€/min

None
None
None

None
None
None

Availability
Availability
Availability
Availability

Preventative maintenance activities ,
Maintainability including inspections
Mean Time To Repair (MTTR) corrective
Maintainability maintenance
Mean Time To Repair (MTTR)
Maintainability preventative maintenance

Magnitude of Impact
None

15

maintenace actions/per year

Positive

0.5

hours

None

None

0.3

hours

None

None

Maintainability Replacement of crossing interval
Maintainability Replacement of crossing cost

240
10000

MGT

Positive
None

Medium
None

Maintainability Replacement of switch blades interval
Maintainability Replacement of switch blades Cost

160
18000

MGT

Positive
None

Low
None

Maintainability Tamping Interval
Maintainability Tamping Cost

75
1500

MGT
€/intervention

Positive
None

High
None

Maintainability Grinding Interval
Maintainability Grinding cost

100
11000

MGT
€/intervention

Positive
None

Low
None

Reliability
Cost
NPV
NPV

1.5
75
5.00%
25

Failures/year
€/h
%
years

Positive
None
None
None

Low
None
None
None

Failure rate
Workforce cost
Discount rate
Technical life for calculation

Medium

Rationale
% Adjustment
Neoballast higher damping increases load distribution and
allows for a traffic (load) increase
Increased lifespan foreseen according to Los Angeles test (6%),
Micro-Deval test (1%)and Magnesium Sulphate test (0.1%).
Increased cost of the ballast due to the covering. The costs are
yet to be refined, as the production process of Neoballast is up
to change.

Reduced maintenance activities as a consequence of a lower
stiffness of the S&C area, implying less impact and wear in the
crossing.

Neoballast higher damping increases load distribution and
allows for an increase of traffic and a reduction in the frequency
of maintenance activities.
Neoballast higher damping increases load distribution and
allows for an increase of traffic and a reduction in the frequency
of maintenance activities.
Tamping interval can be extended twice, according to forecasts
based on Neoballast degradation. However, this has to be
validated with the demonstrator.
Neoballast higher damping increases load distribution and
allows for an increase of traffic and a reduction in the frequency
of maintenance activities.
Failure rate of the turnout is expected to be reduced due to the
reduction in stiffness on the S&C area and consequently the
reduction of the impact forces.

Adjusted value
0

25

15

718.75

5

210000

0

60

0
0
0

50
0.33
50

15

12.75

0

0.5

0

0.3

15
0

276
10000

5
0

168
18000

30
0

97.5
1500

5
0

105
11000

5
0
0
0

1.425
75
0.05
25
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High redundancy actuator
Rama Ambur
15/08/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General

S_CODE Description
Traffic

General

Technical life time

Initial Cost

Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost
Preventative maintenance activities ,
including inspections
Mean Time To Repair (MTTR) corrective
maintenance
Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost
Replacement of switch blades interval
Replacement of switch blades Cost
Tamping Interval
Tamping Cost
Grinding Interval
Grinding cost

Reliability
Cost
NPV
NPV

Failure rate
Workforce cost
Discount rate
Technical life for calculation

Availability
Availability
Availability
Availability
Maintainability
Maintainability

S_CODE Value
25

Unit
MGT/year

Positive of Negative Impact
None

625

MGT

Positive

Low

200000

€

Negative

Medium

60

minutes

None

0

60

50
0
50

minutes
per failure
€/min

Positive
Positive
None

Medium
Medium
None

Sensor data is available for effective maintanence scheduling.
delays due to switch actuator will be reduced.

15
15
0

42.5
0.2805
50

15

maintenance actions/per year

Positive

Medium

15

12.75

0.5

hours

Negative

Low

Sensor data is available for effective maintanence scheduling.
More complex to fix if point machine fails, because there are
multiple actuators and there is a need to calibrate them again.

5

0.525

0.3
240
10000
160
18000
75
1500
100
11000

hours
MGT

Medium
None
None
None
None
None
None
None
None

Sensor data is available for effective maintanence scheduling.

MGT
€/intervention
MGT
€/intervention

Positive
None
None
None
None
None
None
None
None

15
0
0
0
0
0
0
0
0

0.255
240
10000
160
18000
75
1500
100
11000

2
75
5%
25

Failures/year
€/h
%
years

Positive
None
None
Positive

Medium
None
None
Medium

15
0
0
15

1.275
75
0.05
28.75

MGT

Magnitude of Impact
None

Rationale
The overall lifetime of the S&C would improve slightly, as the
point machine failures would have mitigated whenever it
occurs.
Instrumentation costs- sensors, data acquisition and data
analysis systems

None

Individual components may fail at normal rate as today's, but
overall the technology will ensure that the function will not be
hindered.

% Adjustment

0

Adjusted value

25

5

656.25

15

230000
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Feedback controller with fault tolerant scheme
Rama Ambur
15/08/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General

S_CODE Description
Traffic

General

Technical life time

Initial Cost

Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost
Preventative maintenance activities ,
including inspections
Mean Time To Repair (MTTR) corrective
maintenance
Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost
Replacement of switch blades interval
Replacement of switch blades Cost
Tamping Interval
Tamping Cost
Grinding Interval
Grinding cost

Reliability
Cost
NPV
NPV

Failure rate
Workforce cost
Discount rate
Technical life for calculation

Availability
Availability
Availability
Availability
Maintainability
Maintainability

S_CODE Value
25

Unit
MGT/year

Positive of Negative Impact
None

625

MGT

None

None

200000

€

Negative

Low

60

minutes

Positive

Medium

50
0
50

minutes
per failure
€/min

Positive
Positive
None

Medium
Medium
None

15

maintenance actions/per year

Positive

High

Maintanence activity needed could be considerably reduced

0.5

hours

Positive

Low

0.3
240
10000
160
18000
75
1500
100
11000

hours
MGT

MGT
€/intervention
MGT
€/intervention

Positive
None
None
None
None
None
None
None
None

Medium
None
None
None
None
None
None
None
None

2
75
5%
25

Failures/year
€/h
%
years

Positive
None
None
Positive

Medium
None
None
Low

MGT

Magnitude of Impact
None

Rationale
The switch blades would be actuated in a closed control loop,
which would then reduce the switch section failing often due to
wear.
Instrumentation costs - Sensors, data acquisition and processing
systems
Because faults could be compensated by the control scheme,
disruption to functionality can be reduced.
Reduces need for frequent maintanence because the fault
information is available when it occurs.
This technology is less likely to be cause of train delay

% Adjustment

0

Adjusted value

25

0

625

5

210000

15

51

15
15
0

42.5
0.2805
50

30

10.5

Fault information available

5

0.475

Fault information available

15
0
0
0
0
0
0
0
0

0.255
240
10000
160
18000
75
1500
100
11000

15
0
0
0

1.275
75
0.05
25

Failure is prevented by this technology, as the algorithm would
compensate for intermittent faults
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Condition monitoring of points movement using conventional technology and model based analysis
UOB-SD
19/08/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General

S_CODE Description
Traffic

S_CODE Value
25

Unit
MGT/year

Positive of Negative Impact
None

General

Technical life time

Initial Cost

Initial Investment Cost

Availability

Availability
Availability
Availability

625

MGT

None

None

200000

€

Negative

Low

Mean delay to train service from S&C
failure

60

minutes

Positive

High

Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost

50
0
50

minutes
per failure
€/min

Positive
None
None

High
None
None

15

maintenance actions/per year

Positive

Medium

0.5

hours

Positive

Medium

0.3
240
10000
160
18000
75
1500
100
11000

hours
MGT

MGT
€/intervention
MGT
€/intervention

Positive
None
None
None
None
None
None
None
None

Medium
None
None
None
None
None
None
None
None

Preventative maintenance activities ,
Maintainability including inspections
Mean Time To Repair (MTTR) corrective
Maintainability maintenance

Magnitude of Impact
None

Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost
Replacement of switch blades interval
Replacement of switch blades Cost
Tamping Interval
Tamping Cost
Grinding Interval
Grinding cost

Reliability
Cost
NPV

Failure rate
Workforce cost
Discount rate

2
75
5%

Failures/year
€/h
%

Positive
None
None

High
None
None

NPV

Technical life for calculation

25

years

Positive

Medium

MGT

Rationale
The condition monitoring approach will make the system more
reliable, but it does not improve the technical life time
The new condition monitoring software has to be integrated
with the controller. The costs are yet to be refined, but is not
expected to add much to the existing controller cost.
The model-cased condition monitoring approach predicts the
changes in system parameter and will inform the infrastructure
manager about any possible failure before it happens.
Preventive maintenance will only be needed if the conditionmonitoring method inform any degradation of any element of
the system.

The new method will be able to detect any degradation. Thus
required inspection and preventive maintenance activities will
be less. This is not as good as Fault Tolerant Control, as the
degraded components still has to fix, but no inspection is
needed
The methodology will detect the degraded component of the
system. Thus the MTTR is expected to reduce.
The new method will be able to detect any degradation. Thus
required inspection and preventive maintenance activities will
be less.

The condition monitoring approach is able to predict the change
in system parameters, and any deradation of the system; thus
prevent any potential failure before occuring

The condition monitoring approach will improve the technical
life

% Adjustment

0

Adjusted value

25

0

625

5

210000

30

42

30
0
0

35
0.33
50

15

12.75

15

0.425

15
0
0
0
0
0
0
0
0

0.255
240
10000
160
18000
75
1500
100
11000

30
0
0

1.05
75
0.05

15

28.75
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Lock using materials with changeable properties
UOB-SD
19/08/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

S_CODE Value
25

Unit
MGT/year

Positive of Negative Impact
None

625

MGT

Positive

Low

200000

€

Negative

Low

60

minutes

Positive

Low

50
0
50

minutes
per failure
€/min

Positive
None
None

Low
None
None

Preventative maintenance activities ,
Maintainability including inspections

15

maintenance actions/per year

Positive

Low

Mean Time To Repair (MTTR) corrective
Maintainability maintenance

0.5

hours

Positive

Medium

0.3
240
10000
160
18000
75

hours
MGT

MGT

Positive
None
None
None
None
None

Medium
None
None
None
None
None

Maintainability Tamping Cost
Maintainability Grinding Interval

1500
100

€/intervention
MGT

Negative
None

Low
None

Maintainability Grinding cost

11000

€/intervention

Negative

Low

Category
General

S_CODE Description
Traffic

General

Technical life time

Initial Cost
Availability

Initial Investment Cost
Mean delay to train service from S&C
failure

Availability
Availability
Availability

Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost

Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost
Replacement of switch blades interval
Replacement of switch blades Cost
Tamping Interval

MGT

Magnitude of Impact
None

Reliability
Cost
NPV

Failure rate
Workforce cost
Discount rate

2
75
5%

Failures/year
€/h
%

Positive
None
None

Low
None
None

NPV

Technical life for calculation

25

years

Positive

Low

Rationale
The MR lock is reliable and the self-adjusting controller will
provide information about possible misalignements to prevent
failrue
The MR device and the controller will make the initial
investment cost higher than the conventional locks
The new mechanism has fewer components
The sensor data will provide the information of the components
and the fewer components weill need less preventive
maintenance activity

The self-adjusting algorithm will reduce the number of
maintenance required, including inspection because of the inbuilt sensors
The failure in the parts can be identified before the
maintenance starts. The designed lock has less number of parts,
which are easy to repair or replace.
The control and monitoring algortihm will be able to locate the
fault before the maintenance activity which will reduce the time
for preventive maintenance activity

Equipment to be removed before tamping machine can be
used, or manual tamping
Equipment to be removed before grinding machine can be
used.
The MR dampers are proven to be highly reliable and the less
parts in the locking mechanism will reduce the overall failure of
the mechanism

The new locking mechanism will make the system more reliable
and improve the technical life

% Adjustment

0

Adjusted value

25

5

656.25

5

210000

5

57

5
0
0

47.5
0.33
50

5

14.25

15

0.425

15
0
0
0
0
0

0.255
240
10000
160
18000
75

5
0

1575
100

5

11550

5
0
0

1.425
75
0.05

5

26.25
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Maglev Actuator
UOB-OO
14/08/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General
General

S_CODE Description
Traffic
Technical life time

Initial Cost

Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost

S_CODE Value
25
625

Unit
MGT/year
MGT

Positive of Negative Impact
None
Positive

200000

€

Negative

Medium

This cost covers installation some sensors and four
electromagnet actuators vertically and horizontally to achieve
the required movement of the switch rail.

60

minutes

Negative

Low

Practicalities of manipulating system components harder.

5

3

50
0
50

minutes
per failure
€/min

Positive
None
None

Low
None
None

Fewer adjustable components, built in sensors.

47.5
0.33
50

15

maintenance actions/per year

Positive

Medium

Reduced maintenance activities as a consequence of a no
mechanical link between the actuator and the switch rail. The
rail could be switched simply by magnetic principles

5
0
0

15

12.75

0.5

hours

Negative

Low

Practicalities of manipulating system components harder.

5

0.525

0.3
240
10000

hours
MGT

Positive
None
None

Low
None
None

Fewer adjustable components, built in sensors.

5
0
0

0.285
240
10000

Maintainability Replacement of switch blades interval
Maintainability Replacement of switch blades Cost
Maintainability Tamping Interval

160
18000
75

MGT
MGT

Negative
Negative
None

Low
Low
None

5
5
0

152
18900
75

Maintainability Tamping Cost
Maintainability Grinding Interval

1500
100

€/intervention
MGT

Negative
None

Low
None

5
0

1575
100

Maintainability Grinding cost

11000

€/intervention

Negative

Low

5

11550

15
0
0

1.275
75
0.05

15

28.75

Availability
Availability
Availability
Availability

Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

Preventative maintenance activities ,
including inspections
Mean Time To Repair (MTTR) corrective
maintenance
Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost

Magnitude of Impact
None
Low

Reliability
Cost
NPV

Failure rate
Workforce cost
Discount rate

2
75
5%

Failures/year
€/h
%

Positive
None
None

Medium
None
None

NPV

Technical life for calculation

25

years

Positive

Medium

Rationale
The common advantage of use maglev technology is the lack of c

It is required to install four permanent magnets around the rail
switch to be attracted by the electromagnets. Demonstration
involves moving blades in 2 directions, so increased strain in
actuation.

Equipment to be removed before tamping machine can be
used, or manual tamping.
Equipment to be removed before grinding machine can be
used. Filings to be captured as part of grinding activity.
Failure rate of the turnout is expected to be reduced due to no
mechanical link between the actuator and the switch rail and
consequently the reduction of the impact forces.

Increased lifespan of switch in comparison with conventional
one.

% Adjustment

0
5

15

Adjusted value

25
656.25

230000
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Condition monitoring of switch and crossing using dynamic response
UoB-JYS
25/07/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General

S_CODE Description
Traffic

General

Technical life time

Initial Cost

Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity

Availability
Availability
Availability
Availability

Probability for train delay
Train delay cost
Preventative maintenance activities ,
Maintainability including inspections

Mean Time To Repair (MTTR) corrective
Maintainability maintenance

S_CODE Value
25

Unit
MGT/year

Positive of Negative Impact
None

Magnitude of Impact
None

625

MGT

None

None

200000

€

Negative

Low

60

minutes

Positive

Low

50

minutes

Positive

High

0
50

per failure
€/min

Positive
None

Low
None

15

maintenance actions/per year

Positive

Medium

0.5

hours

Positive

Mean Time To Repair (MTTR)
Maintainability preventative maintenance

0.3

hours

Positive

Low

Maintainability Replacement of crossing interval

240

MGT

Positive

Low

10000
160
18000

MGT

Negative
Positive
Negative

Low
Low
Low

75

MGT

Positive

Low

1500

€/intervention

Negative

Low

Maintainability Replacement of crossing cost
Maintainability Replacement of switch blades interval
Maintainability Replacement of switch blades Cost

Maintainability Tamping Interval
Maintainability Tamping Cost

Maintainability Grinding Interval
Maintainability Grinding cost

Reliability
Cost
NPV
NPV

Failure rate
Workforce cost
Discount rate
Technical life for calculation

Low

100

MGT

Positive

Low

11000

€/intervention

Negative

Low

2
75
5%
25

Failures/year
€/h
%
years

Positive
None
None
Positive

Medium
None
None
Low

Rationale
This technology would help in mitigating any faults at an earlier
stage, but the overall life of the system will still remain same as
that of todays.
Cost of sensors and structural changes to instrument the S&C
will increase the cost
Delay could not be prevented, but improved by already
available diagnostic information from this technology
Preventative maintenance activity cannot be reduced but it can
be done more effectively and efficiently.
Reduce probability of train delay due to fault detection at the
early stage.

% Adjustment

0

Adjusted value

25

0

625

5

210000

5

57

30

35

5
0

0.3135
50

15

12.75

5

0.475

5

0.285

5

252

5
5
5

10500
168
18900

5

78.75

Tamping could damage the sensors and could increase the costs
A better timeline for grinding can be scheduled due to CMS.
However, tamping interval may not be reduced significantly due
to high impact within the existing S&C.

5

1575

5

105

Grinding could damage the sensors and could increase the costs
Failure rate of the turnout is expected to be lower due to better
understanding of the turnout condition that allow the system to
survive longer by better maintenance strategy.

5

11550

15
0
0
5

1.275
75
0.05
26.25

Detail system condition can be obtained by CMS. A more
detailed corrective maintenance work may be required in order
to allow the system have better performance. Furthermore,
extra time is required for repairing CMS itself if necessary.
However, maintenance work can be done efficiently due to
better understanding of the maintenance stretegy.
More preventative maintenance may be required due to more
information obtained from CMS. However, maintenance work
can be done efficiently due to better understanding of the
maintenance strategy.
Welding repairs could be performed based on information
obtained rather than replacing the crossing.
Replacing the crossing would mean replacing the entire
instrumentation of condition monitoring system. Hence cost
could be increased compared to current S&C.
As per crossing
As per crossing
A better timeline for tamping can be scheduled due to CMS.
However, tamping interval may not be reduced significantly due
to high impact within the existing S&C.

Failure events can be reduced by this technology
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Acoustic Inspection
UOB-ME
15/08/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General
General
Initial Cost

S_CODE Description
Traffic
Technical life time
Initial Investment Cost
Mean delay to train service from S&C
Availability
failure
Time impact on railway for preventative
Availability
maintenance activity
Availability
Probability for train delay
Availability
Train delay cost
Preventative maintenance activities ,
Maintainability including inspections
Mean Time To Repair (MTTR) corrective
Maintainability maintenance
Mean Time To Repair (MTTR)
Maintainability preventative maintenance
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

Replacement of crossing interval
Replacement of crossing cost
Replacement of switch blades interval
Replacement of switch blades Cost
Tamping Interval
Tamping Cost

Maintainability Grinding Interval
Maintainability Grinding cost
Reliability
Cost
NPV
NPV

Failure rate
Workforce cost
Discount rate
Technical life for calculation

S_CODE Value
25
625
200000

Unit
MGT/year
MGT
€

Positive of Negative Impact
None
None
Negative

60

minutes

Positive

Low

50
0
50

minutes
per failure
€/min

Positive
None
None

Low
None
None

15

maintenance actions/per year

Positive

Medium

0.5

hours

None

Magnitude of Impact
None
None
Low

None

0.3

hours

Positive

Low

240
10000
160
18000
75
1500

MGT

MGT
€/intervention

Positive
None
None
None
Positive
None

Low
None
None
None
Low
None

100
11000

MGT
€/intervention

Positive
None

Low
None

2
75
5%
25

Failures/year
€/h
%
years

Positive
None
None
Positive

Low
None
None
Low

MGT

Rationale

Instrumentation costs
Delay could not be prevented, but improved by already
available diagnostic information from this technology
Preventative maintenance activity cannot be reduced but it can
be done more effectively and efficiently.

Information available reduces need for inspection

Preventative maintenance activity cannot be reduced but it can
be done more effectively and efficiently.
Repairs could be performed based on information obtained
rather than replacing the crossing.

Information about rail head condition from wheel/rail
interaction noise could determine the grinding interval
Marginal improvement to lower failure rate, by detecting any
faults earlier.

% Adjustment

0
0
5

Adjusted value

25
625
210000

5

57

5
0
0

47.5
0.33
50

15

12.75

0

0.5

5

0.285

5
0
0
0
5
0

252
10000
160
18000
78.75
1500

5
0

105
11000

5
0
0
5

1.425
75
0.05
26.25
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Autonomous inspection using drones
UOB-ES
25/07/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General
General
Initial Cost

S_CODE Description
Traffic
Technical life time
Initial Investment Cost
Mean delay to train service from S&C
failure
Availability
Time impact on railway for preventative
maintenance activity
Availability
Availability
Probability for train delay
Availability
Train delay cost
Preventative maintenance activities ,
Maintainability including inspections
Mean Time To Repair (MTTR) corrective
Maintainability maintenance
Mean Time To Repair (MTTR)
Maintainability preventative maintenance

S_CODE Value
25
625
200000

Unit
MGT/year
MGT
€

Positive of Negative Impact
None
None
Negative

60

minutes

None

50
0
50

minutes
per failure
€/min

Positive
None
None

Medium
None
None

15

maintenance actions/per year

Positive

0.5

hours

0.3

Maintainability Replacement of crossing interval
Maintainability Replacement of crossing cost
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Reliability
Cost
NPV
NPV

Replacement of switch blades interval
Replacement of switch blades Cost
Tamping Interval
Tamping Cost
Grinding Interval
Grinding cost
Failure rate
Workforce cost
Discount rate
Technical life for calculation

Magnitude of Impact
None
None
Low

Rationale

Instrumentation costs

0
0
5

Adjusted value

25
625
210000

0

60

Faster inspection after maintenance / repair

15
0
0

42.5
0.33
50

Medium

Automates inspection, not maintenance

15

12.75

Positive

Low

Faster inspection after maintenance / repair

5

0.475

hours

Positive

Medium

15

0.255

240
10000

MGT

Positive
None

Low
None

Faster inspection after maintenance / repair
Welding repairs could be performed based on information
obtained rather than replacing the crossing.

5
0

252
10000

160
18000
75
1500
100
11000
2
75
5%
25

MGT

Positive
None
None
None
Positive
None
Positive
None
None
Positive

Low
None
None
None
Medium
None
Low
None
None
Low

5
0
0
0
15
0
5
0
0
5

168
18000
75
1500
115
11000
1.425
75
0.05
26.25

MGT
€/intervention
MGT
€/intervention
Failures/year
€/h
%
years

None

% Adjustment

Welding repairs could be performed based on information
obtained rather than replacing the switch blades.

Improved information about rail condition
Information for preventative maintanence available already
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Tuneable stiffness fasteners
Jou-Yi Shih
25/07/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General
General

S_CODE Description
Traffic
Technical life time

Initial Cost

Initial Investment Cost

S_CODE Value
25
625

Unit
MGT/year
MGT

200000

€

60

minutes

50
0
50

minutes
per failure
€/min

15

maintenance actions/per year

Maintainability
Maintainability
Maintainability
Maintainability
Maintainability

Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost
Preventative maintenance activities ,
including inspections
Mean Time To Repair (MTTR) corrective
maintenance
Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost
Replacement of switch blades interval
Replacement of switch blades Cost

0.3
240
10000
160
18000

hours
MGT

Maintainability
Maintainability
Maintainability
Maintainability

Tamping Interval
Tamping Cost
Grinding Interval
Grinding cost

75
1500
100
11000

MGT
€/intervention
MGT
€/intervention

Reliability

Failure rate

2

Failures/year

Availability
Availability
Availability
Availability
Maintainability
Maintainability

0.5

hours

MGT

Cost
NPV

Workforce cost
Discount rate

75
5%

€/h
%

NPV

Technical life for calculation

25

years

Positive of Negative Impact
None
Positive

Magnitude of Impact
None
Medium

Rationale

Negative

Low

Negative

Low

Negative

Low

None
None

None
None

Positive

Low

Diagnostic syst魠installed into cartidges - specification of
maintenance impact

Negative

Low

Higher complexity -> higher MTTR

Negative

Low

Higher complexity -> higher MTTR

Positive
Negative
Positive
Negative

Medium
Low
Low
Low

Positive

Medium

None
Positive
None

None
Medium
None

Reduction of dynamic forces - reduction of crossing wear
More complexity in fastening system
Reduction of dynamic forces - reduction of tongue wear
More complexity in fastening system
Reduction of dynamic forces, plastic bearers - lower ballast
stress, slower degradation of track quality

Positive

Low

None

None

None

None

Positive

Low

Homogenity of support - reduction of dynamic force
Price of the innovative rail fastening - cartridge. Plastic
composite bearers are required.
The failure of fasteners has almost no impact on train delay
because the device could after failure of tuning device work as a
standard fastening syst魠(dependent on the final design).
Because of bigger complexity of the device (in accordance to
todays fasteners) the maintenance time will be longer.

Reduction of dynamic forces
More sofisticated work by installation and maintenance ->
higher cost for workforce
More sofisticated work by installation and maintenance ->
higher cost for workforce
Reduction of dynamic forces, installed diagnostic and
monitoring

% Adjustment

0
15
5

Adjusted value

25
718.75
210000

5

3

5
0
0

52.5
0.33
50

5

14.25

5

0.525

5
15
5
5
5

0.315
276
10500
168
18900

15
0
15
0

86.25
1500
115
11000

5

1.425

0
0

75
0.05

5

26.25
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Novel Locking Mechanism using Magnets
Otto Plášek
26/08/2019
Step 1

Please indicate whether your demonstrator has a positive or negative impact on any of these parameter
Please give a broad estimation of the size of the impact - High impact is considered to be a potential 30% change in the cited
value, Medium 15% and Low impact is up to 5 %

Step 2

Please give a short explanation where you have identified an impact, cite evidence from the project
where possible

Step 3

Category
General
General
Initial Cost

Availability
Availability
Availability
Availability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Maintainability
Reliability
Cost
NPV
NPV

S_CODE Description
Traffic
Technical life time
Initial Investment Cost
Mean delay to train service from S&C
failure
Time impact on railway for preventative
maintenance activity
Probability for train delay
Train delay cost
Preventative maintenance activities ,
including inspections
Mean Time To Repair (MTTR) corrective
maintenance
Mean Time To Repair (MTTR)
preventative maintenance
Replacement of crossing interval
Replacement of crossing cost
Replacement of switch blades interval
Replacement of switch blades Cost
Tamping Interval
Tamping Cost
Grinding Interval
Grinding cost
Failure rate
Workforce cost
Discount rate
Technical life for calculation

S_CODE Value
25
625
200000

Unit
MGT/year
MGT
€

60

minutes

50
0
50

minutes
per failure
€/min

15

maintenance actions/per year

0.5
0.3
240
10000
160
18000
75
1500
100
11000
2
75
5%
25

hours
hours
MGT
MGT
MGT
€/intervention
MGT
€/intervention
Failures/year
€/h
%
years

Positive of Negative Impact
None
None
Negative

Magnitude of Impact
None
None
Low

Positive

Medium

Negative

Low

None
None

None
None

Positive

Low

None

None

None

None

None
None
Positive
None
None
None
Positive
None
Positive
None
None
Positive

None
None
Low
None
None
None
Low
None
Low
None
None
Low

Rationale

Additional locking device
By using more systems of locking, the turnout might be used
also by failure of one of the system. The possible delay may be
decreased.
More devices -> more required time for maintenance activities.

Additional maintenace of locking device

Reduction of switch rail vibration

Reduced switch grinding
Reduction of switch rail vibration

The device is simple -> expected longer life time.

% Adjustment

0
0
5

Adjusted value

25
625
210000

15

51

5
0
0

52.5
0.33
50

5

14.25

0

0.5

0
0
0
5
0
0
0
5
0
5
0
0
5

0.3
240
10000
168
18000
75
1500
105
11000
1.425
75
0.05
26.25
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