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1

OVERVIEW OF THE PROJECT

1.1

PROJECT DESCRIPTION

The S-CODE project will address all of the aims and objectives detailed in topic S2R-OC-IP3-01-2016
– Research into new radical ways of changing trains between tracks – and work towards the
developments required to realise TD3.2 – Next Generation S&C, as detailed in the Shift2Rail MultiAnnual Action Plan (MAAP). The project worked in conjunction with the winning proposal for S2RCFM-IP3-01-2016 – Research into enhanced track and switch and crossing systems.

The overall aim of the S-CODE project is to investigate, develop, validate and initially
integrate radically new concepts for switches and crossings that have the potential
to lead to increases in capacity, reliability and safety while reducing investment and
operating costs.

The project identified radically different technology concepts that can be integrated together to
achieve significantly improved performance for S&C based around new operating concepts (e.g.
super-fast switching, self-healing switch).
Within the S-CODE project, the carefully selected consortium members have built on existing
European (Figure 4) and national (Figure 5) research projects (in particular, the lighthouse project
In2Rail, Capacity4Rail and Innotrack) to bring together technologies and concepts that will
significantly reduce the constraints associated with existing switch technologies and develop a
radically different solution.
As shown in Figure 1, the S-CODE project will run alongside sister projects: (i) the ongoing IN2RAIL
lighthouse project, and (ii) the Shift2Rail joint undertaking project under S2R-CFM-IP3-01-2016 –
Research into enhance track and switch and crossing system – In2Track. It is anticipated that
outputs from these projects will feed into the S-CODE project, in order to develop a TRL4 solution
that can be later developed into Technology Demonstrator TD3.2 – Next Generation S&C.

In order to develop the proposal, the consortium decomposed the high level aims documented in
the project call and the technical ambition for TD3.2 detailed in the MAAP, to identify the key
objectives that will help provide radically new ways of changing trains between track in order to
improve capacity, reliability and safety, while reducing investment costs and life-cycle costs:
Objective 1: Identify existing best practice in switch and crossing innovation and fuse this with
technological advances from other sectors to develop new approaches for switch and crossing
operations, that draw on new concepts for drives, control, monitoring, logistics and installation that
will allow the investment costs associated with S&C to be retained (or reduced) whilst significantly
improving performance;
Objective 2: Develop a modular switch and crossing architecture that allows subsystems to be easily
changed or upgraded such that the gains in S&C system performance available from the adoption of
new concepts can be realised progressively without the need for complete system renewal, thus
allowing benefits to be attained more rapidly;
Objective 3: Realise resilience-based design methodologies, maintenance free and degradation free
systems and self-adjusting technologies that will allow complete self-inspection and self-correcting
and healing functionality through the development of an S&C immune system, contributing towards
a 50% improvement in the reliability and availability of switches;
Objective 4: Develop concepts that utilise new materials and construction techniques, together with
an optimised wheel-rail interface to realise a new movement principle which has the potential to
contribute to a reduction in the life cycle cost of switches by up to 30%;
Objective 5: Significantly increase the allowable running speed of trains while also dramatically
decreasing the switching time in order to contribute to a capacity improvement of up to 100%;
Objective 6: Ensure that an integrated system, including a fail-safe locking mechanism design is
arrived at that mitigates all risks associated with technical failure, human error and influencing
external factors, that may result in incidents occurring, thus ensuring that the number and
magnitude of incidents is reduced and the safety of passengers and the work force is retained at the
highest level;
Objective 7: To validate the new concepts developed in the project in a laboratory (TRL4) to allow
assessment of the performance of the innovations;
Objective 8: To provide hard evidence (calculations and simulations, experimental results, and
economic, risk, reliability and LCC analysis) that supports the performance improvements made
against Objectives 1 to 6;
Objective 9: To integrate the identified, developed and validated concepts to produce a solution(s)
that can be taken forward to realise the TD3.2 Next Generation S&C demonstrator.

Relation to the work programme
The S-CODE proposal aims to address the three specific technical challenges in topic S2R-OC-IP3-012016 - Research into new radical ways of changing trains between tracks in order to improve the
overall performance of switches and crossings. Furthermore, the S-CODE project has been
developed and conceptualised taking into account the needs of the Shift2Rail Multi-Annual Action
Plan (MAAP) – TD3.2 Next Generation S&C demonstrator.
Specifically, the S-CODE project has:
1. Identified, developed and validated new concepts for next generation control – including a
modular architecture, plug’n’play control, monitoring, sensor and data systems;
2. Identified, developed and validated new concepts for next generation design – including
materials, component reduction, switching function, installation and logistics;

3. Identified, developed and validated new concepts for next generation kinematics – including
actuation systems, mechatronic solutions, fault tolerance and S&C ‘immune system’;
4. Used the modular architecture to integrate the design concepts to develop alternative
holistic solutions suitable for different scenarios that are can be selected and developed in
later stages of the Shift2Rail programme (Figure 2).

The S-CODE project has addressed the call in the following ways:
Specific challenges of the call (taken directly
from the call text)
Utilisation of latest technological advances
from other sectors'
'Examine technology transfer opportunities
from other industries

Maintenance free and degradation free
assets'

How S-CODE addresses this:
The consortium brings together not only partners
with a strong capability in advanced railway
systems engineering, but also researchers and
companies with experience of other sectors – for
example: L’boro (mechatronics for aerospace and
other applications), UoB (additive manufacturing
and materials for aerospace and other
applications), Ferrovial (intelligent infrastructure
for a broad range of applications).
The optimisation of the wheel/rail interface and
switching mechanism will significantly improve the
dynamic loads that a conventional S&C experiences
(WP4). The introduction of fault-tolerance
techniques, and the specific development of an S&C
immune system, will help realise maintenance free
and degradation free S&C (WP3, WP5). The design

concepts and some specific technology solutions
developed in the S-CODE project would be of use in
other application areas inside and outside of the
railway industry (WP2).
'Significant improvements in capacity,
reliability, safety, investment and operating
costs'
'Improvement of capacity'
'Investment costs should not increase'
'Significant LCC savings'
'Incorporate self-diagnostics systems'

'Capability of self-adjust, self-correct, selfrepair and self-heal thus eliminating manual
maintenance interventions'

'Smart design and bespoke material science
solutions'

'Reduced complexity and fewer components'

Improvements have been made in switching times
(WP4, WP5), reliability and maintainability (WP3,
WP4, WP5) with novel installation technologies to
improve work safety (WP4). The fit and forget
philosophy enabled through maintenance free and
degradation free technologies supported by an S&C
immune system will produce significant returns on
investment through lower LCC. Analysis will be
undertaken to validate (WP6) and evaluate (WP7)
the outputs of the project.
Existing work on S&C condition monitoring and
inspection will be significantly enhanced through the
complete redesign of the S&C control, design and
kinematics (WP2). Embedded sensing technology and
the realisation of an S&C immune system will provide
self-diagnostics with self-healing capabilities (WP3).
Advanced control engineering and mechatronic
systems will enhance the performance of S&C
systems by creating novel subsystems which make
use of new materials and manufacturing
technologies (WP3, WP4 and WP5). This in turn will
lead to less complexity and fewer components
(WP5). State-of-the-art simulation and experimental
facilities will enable realistic verification of the
models and paves a robust pathway for industry
acceptance (WP5, WP6, and WP7).
At the beginning of the project, consideration will be
given to both identifying today’s requirements and
constraints, as well as using recognised horizon
scanning approaches (forecasting and back-casting to
identify radical concepts (WP1) that can be
encompassed in the design. This integrated approach
of bottom up and down design will lead to a radically
different concept that is underpinned by smart
design, rather than evolutionary design. Key
performance-based design parameters will be
identified (WP2) and used to optimise the material
sciences solutions in order to support the complete
design process (WP3, WP4, WP5).
The transfer of technologies from the aerospace
industry (e.g. new materials, additive manufacturing)
(WP4), will enable radically

design concepts to be realised that reduce the
complexity and lead to fewer components (WP7).
'Wheel-rail interface optimisation'

The optimisation of track support conditions through
tailored stiffness transition and improved
moderation of train cant deficiency will underpin the
new wheel/rail interface interaction. Integration of
realistic wheel/rail profiles and novel material
models will increase accuracy and precision in
predicting loading conditions and then improving the
material solution design, resulting in improved
structural safety, decreased noise and vibration
pollution, and reduced wear, squats and RCF on rails.

'Completely new switching function'

The S-CODE project is underpinned by the desire to
develop radically different S&C design concepts.
These include control (WP3), design (WP4) and
kinematic systems (WP5). This will result in a
radically different switching function that is able to
switch more quickly (to improve capacity), requires
fewer components and is less complex (to improve
reliability and reduce costs). The requirements
elicitation and RAMS analysis phase (WP1) will
identify failure modes and safety issues so that these
can be addressed through the design process (WP2),
and validated (WP6) and evaluated (WP7) towards
the end of the project to ensure they have been
addressed.

'All failure modes eliminated'
'Address known safety issues'

Concept and methodology
(a) Concept
Background
Railway switches and crossings are a special track system used to allow a train to move from one
track to another. The structure of a switch and crossing is very complicated and currently requires a
large number of components, including rails, check-rails, crossings, switches, turnout bearers with
varying lengths and fastening locations, and mechanical devices to operate switches. Figure 3 shows
a simple layout of a standard 1 in 16 right-hand railway turnout system. Unlike the track
components in mainline tracks, there are more than 2 sets of rails and fastening systems to be
secured to a turnout bearer, which necessitates between 2 and 4 rail seat supports at variable
locations and unique design requirements that are significantly different from the design of
conventional track components. To simplify the systems in order to reduce complexity with fewer
components, new designs, control, kinematic actuation and material solutions should be developed.
While making such design changes it is appropriate to analyse and optimise the impact of the wheelrail interaction when a train switches from one track to another, address known failure modes and
remove safety issues.

For the purposes of the S-CODE project (and in line with the topic call), switches and crossings are
considered as three distinct subsystems:

Subsystem 1: Control
Subsystem 1 can be considered to consist of all elements related to the supply of power to, control
of, sensing of, state feedback from and condition monitoring of, switch installations.
The principles of power point control and operation were established in the early 20th century as
power point machines and electric signalling became widespread - they have not changed
substantially since that time. Following a command signal from the interlocking, the switch follows a
set series of steps which is akin to a bang-bang controller. The switch is commanded to be in either
of two extreme positions, yet the blade position can vary infinitely between these positions. There
are relatively few monitoring systems in operation which sense the position of the blades outside of
the two extremes, and none which use this information as a feedback input to optimise the motion
profile of the blades for other purposes – e.g. to reduce power consumption, to reduce wear, or as
an input to condition monitoring algorithms. Speed and reliability of operation has a direct impact
upon the nodal capacity.
With existing practice, should the feedback signal (detection) be incorrect or interrupted, the
turnout is considered unsafe, even though both switch rails may be locked in the correct position.
Without detection, the interlocking cannot clear the route, and trains are prevented from passing
the switch. This has the effect that, even for functional switches, signals on the approach must show
restrictive aspects when the switch is moving, and this represents a capacity constraint.

Subsystem 2: Design
Subsystem 2 generally consists of steel rails, switches (sometimes referred to as ‘points’ or
‘tongues’), crossings (sometimes called ‘frogs’), steel plates, rubber pads, insulators, fasteners,
screw spikes, beam bearers (either timber, polymer, steel or concrete), ballast and the underlying
formation.
The load carrying components are, on all but a few railway lines, mandatory structures where the
crossing part results in a significant discontinuity in the running surface of the rail. The wheel/rail
interaction through such an imperfect wheel-rail contact transfer can cause detrimental impact
loads on railway turnout and its components. The transient vibration can also affect the surrounding
environment, while the large impact emits significant noise to railway neighbours.

Degradation of load carrying components can lead to unreliability (resulting in costs and losses in
capacity) and safety-critical incidents (including accidents). It is therefore essential to ensure that the
next generation design of material and components of the switch and crossing structure is in parallel
with control, monitoring and sensor systems, and kinematic systems. WP4 will pave the robust
pathway to implementing the next generation of S&C design and radical way of changing trains
between tracks.
Elkins et al. (1989) indicated that the turnout bearers are becoming an increasingly significant cost in
track structure maintenance. This is supported by Kassa and Nielsen (2008) wherein they
determined that the defects per km of turnout tracks are 16.52 times higher than mainline railway
lines, which makes the maintenance of turnout sleepers more costly than that of standard sleepers.
Furthermore, the sleepers in a railway turnout are subjected to a complex pattern of flexural and
shear forces due to the wheel-rail impact load caused by the crossing trains. Remennikov and
Kaewunruen (2008) found that the extreme impact conditions due to a train crossing on the turnout
track cause the sleeper’s failure. In reality, impact forces subject the sleepers to dynamic loads,
which could be up to four to six times greater than the wheel load (Leong and Murray, 2008). Bruni
et al. (2009) indicated that the impact and fatigue effects are the main causes of short turnout
service life and increases in maintenance cost. As such, in order to assure public safety, research and
development of radically new turnouts should also investigate material and component
performance, damage sensing and performance-based engineering design.

Subsystem 3: Kinematic system
Subsystem 3 consists of the elements necessary for moving the switch rails to the correct position,
and locking them in that position until commanded to move otherwise by the interlocking.
Existing practice is to utilise a single actuator in order to disengage the lock, move the blades, and
then re-engage the lock in the new position. Existing designs use actuators of electro-mechanical,
electro-hydraulic and pneumatic operation. The single-channel actuator, and single lock, both
represent single points of failure which are responsible for a large portion of switch unreliability.
With revised control schemes and switch designs, the kinematic elements could be adapted to
provide more reliable operation. This operation could be optimised to utilise less power, switch at a
higher speed, or minimise noise/wear, as appropriate for each individual switching installation. This
could be achieved through better engineering design through gaining a better understanding of the
behaviour of other switch components, or by providing functionally redundant sub-systems
combined with condition monitoring.

Towards Maintenance and Degradation Free S&C – Next Generation Concepts
The S-CODE project, which will directly lead to the next generation of S&C, has developed radically
new design concepts for each of the three subsystems that overcome existing:

Design variation, constraints and complexity reduction
Track switching around the world has stayed very similar over many decades. Although the universal
approach has become static, there are many, many different interpretations of the general
principles and designs in use through the world. Across Europe switches are actuated remotely by
electro-mechanical devices, of various designs, which are responsible for the setting of the switch
blades, their locking in position, and the communication of that position back to the controlling
system and therefore the operator.

This variation in design significantly increases the first cost. The evolutionary design process that has
resulted proliferated the number and range of design constraints in existing S&C designs. The
evolutionary design has also led to significant complexity. Within the S-CODE project all of these
issues are directly addressed through the introduction of new technologies from other domains and
the use of horizon scanning techniques to identify radically different future design concepts for S&C,
rather than making a small evolutionary shift.

Addressing capacity and safety issues while retaining first costs and reducing life-cycle costs
Additional time – at a capacity cost - is required for remote interlocking processing and transmission
of the authority. As existing switch designs represent a derailment danger when between positions
or unlocked, under no circumstance can a switch be moved within a previously issued movement
authority. For instance, a switch actuated within the effective braking distance of the train, which
subsequently fails to fully change positions, could cause derailment or a potentially disastrous misrouting. As nodes become more complex, this requirement is increasingly restrictive due to safety
rules surrounding actuation of switches on adjacent lines and around conflicting moves.
The S-CODE project has developed a switch with advanced control and monitoring algorithms,
integrated with the safety-critical interlocking that is able to overcome these constraints, releasing
capacity whilst reducing safety issues.

Reliability and maintainability
Switches and crossings can be situated many miles from available maintenance/ response teams.
Any system failure, whilst not necessarily a safety risk due to the inbuilt controls and associated
operational procedure, causes much disruption to the network whilst a team is despatched to repair
the system. This disruption is magnified where no diversionary route around the failed switch can be
established, an increasingly common occurrence as the switch population is minimised by
infrastructure operators in order to cut costs.
To counter any failures, switches undergo a labour-intensive maintenance programme. In the UK,
more recent efforts include an extensive rollout of basic remote condition monitoring equipment
since 2009 with UoB providing academic input into algorithm design. This effort has, in part, been
responsible for a downward trend of switch failures over the intervening period. However, while
this downward trend may have caused a corresponding falling trend in reliability fines to the
infrastructure owner, it has resulted in the need for a significant investment in retrofitted
technology. It also does not correspond to a downward trend in maintenance costs, as the switches
are now subject to periodic and condition based maintenance, primarily because the condition
monitoring technology is not capable of monitoring the state of all safety-critical elements of the
switch, necessitating the continuation of regular human inspection. For a conventional switch all
significant failures create an unsafe condition and are therefore accommodated at a system level by
the signalling system, i.e. an operational failure because functional redundancy in the switch itself is
not possible. Through the use of mechatronic design concepts, including fault tolerance, redundancy
and the development of an S&C immune system the S-CODE project will address all of these issues.
A radically new design, with functional redundancy, would mean that an operational failure will only
occur when there is only one good actuation channel remaining. The balance of probability is that
the single remaining actuator will probably still be working, significantly improving reliability and
safety.

Project Details
IN2RAIL
(UoB, COMSA, L’boro)

AUTOMAIN
(UoB)

CAPACITY4RAIL
(UoB, COMSA)

Relevance to S-CODE
The In2Rail project is working on setting foundations
for a resilient, consistent, cost-efficient, high capacity
European network by delivering important building
blocks that unlock the innovation potential that exists
in Shift2Rail. Innovative technologies are being
explored and resulting concepts embedded in a
systems framework where infrastructure, information
management, maintenance techniques, energy and
engineering are integrated, optimised, shared and
exploited. Of particular importance to the S-CODE
project is WP2, which focusses on innovative S&C
solutions with work on locking mechanisms,
embedded sensors, mechatronic solutions and selfinspection technologies.
AUTOMAIN focuses on research on mechanised track
maintenance and inspection and lean analysis of
working methods and processes to reduce possession
times. The project demonstrated advanced switch
monitoring, and a decision support tool for
maintenance planning and scheduling.
The Capacity4Rail project aims at creating new
concepts for railway infrastructure and operation to
achieve an adaptable, automated, resilient and highcapacity railway. Specifically, S-CODE has taken into
consideration the developments regarding improved
resilient switches in adverse weather conditions and
advanced sensor monitoring of infrastructure to
develop new technologies for a new radical S&C.
Additionally, S-CODE will make use of the vision and
scenarios for future railways set in Capacity4Rail as
well as the methodology and criteria to assess and
benchmark innovations.

INNOTRACK
(UoB, RSSB, BUT)

MAINLINE
(COMSA)

SAFTInspect

SUSTRAIL

INTEGRAIL
(UoB)

IMPROVERAIL

The insight into turnout deterioration models and LLC
analysis from INNOTRACK will be further enhanced
through S-CODE. S-CODE has developed novel
concepts for radical improvement of design,
maintenance and inspection of S&C systems and subsystems, which will improve the whole-system
performance and then significantly reduce
maintenance cost and time.
The objective of MAINLINE was to develop methods
and tools contributing to an improved railway system
by taking into consideration the whole life of specific
infrastructure – tunnels, bridges, track, switches,
earthworks and retaining walls. In particular, S-CODE
will start from the developments in S&C in terms of
modular design and installation, improved logistics
and track stiffness optimization to minimize impact
loads. Moreover, the use of the LCAT tool developed
in the project could be used to assess not only the
economic performance during the whole life cycle of a
particular technology or strategy, but also its
environmental impact.
The SAFTInspect project developed intelligent track
self-inspecting equipment capable of mechanically
and electronically compensating for wear. This has the
potential to automatically reduce inspection and
maintenance time and costs.
SUSTRAIL focused on optimised track and substrate
design and component selection to increase
sustainable freight traffic as part of mixed traffic
operations.
InteGRail identified methods of integrating systems
through information sharing. By the creation of a
railway ontology, data was contextualised and turned
into information. This allowed systems from different
suppliers and in different countries and environments
to share information. S-CODE has built on the
approach developed within InteGRail in order to make
use of semantics for information sharing.
The IMPROVERAIL project was designed to evaluate
the mechanisms through which railway infrastructure
could be best accessed by operators in a post
privatisation setting. To that end, it developed the
necessary tools to model the railway infrastructure
and facilitate access management. In particular, the
project team looked at how infrastructure
management could be linked back to business
processes, including the development of metrics for
Life Cycle Costing of decisions based on vehicle infrastructure interaction, and the various different
motivations for and methods of charging companies
for infrastructure access. It also identified factors that
should be used as a basis for such charges, including
wear and tear, costs of signalling, the cost of
increased accident risk, environmental costs, and
congestion costs, as well as KPIs and benchmarks that
could be used to assess the effectiveness of the
implemented infrastructure management techniques.

Figure 4 – Related EC projects

Project Details
Track to the Future (UK)
(UoB)

INTELLISWITCH (D)
(UoB)

REPOINT (UK)
RSSB, L’boro

FD-Turnout (ES)
(F)

CESTI (CZ)
(DT, BUT)

Relevance to S-CODE
The key objectives and research challenges of Track to
the Future are:
1. To develop low-maintenance, long-life track
systems with optimised material use in terms of whole
life cost and embedded carbon
2. To design crossings and transitions so as to
optimise vehicle behaviour through them and hence
maximise resistance to damage
3. To develop an integrated approach to designing a
low-noise, low-vibration track.
This work, particularly objective 2 feeds directly into
the S-CODE project.
The overall aim of the project is to develop a
“maintenance performance indicator” which can
estimate the need for maintenance of the individual
S&Cs taking into account the loads and dynamic
forces as well as the mechanical and metallurgical
conditions of the S&Cs. With such an indicator,
appropriate maintenance can be predicted in
advance, thus avoiding unscheduled repair and delays
in railway traffic.
REPOINT is a UK project that focuses on the use of
mechatronic technology to improve safety, reduce
maintenance and improve capacity for S&C. REPOINT
has been developed as a failsafe switch. If its multiple
redundant actuation fails and the switch stops in an
intermediate position, then REPOINT passively
defaults to a safe state. The design methodology used
throughout the REPOINT project has helped frame
and develop the outputs of S-CODE.
THE FD-Turnout project aims at developing a new
system for the detection and diagnosis of failure
modes in railway switches and crossings. S-CODE
considered the use of the current developments on
non-intrusive low-cost sensors used in the FD-Turnout
project, as well as the knowledge acquired about S&C
failure modes.
The Czech Centre for Effective and Sustainable
Transport Infrastructure is focused on technical
innovations to solve current shortcomings of the
transport infrastructure. It deals with road and
railway infrastructure including bridges and tunnels. It
allows the relevant aspects, such as environment,
safety and reliability and effective management
systems to be improved while taking performance
parameters into account. It provides the answers to
the need for cost efficient, materially and energy
sustainable, durable and accessible transport
infrastructure.

Competence Centre of Railway Vehicles (CZ)
(UPA)

The establishment of the Czech National Competence
Centre of Railway Vehicles has allowed the following
areas to be researched and developed:
 Material characteristics and their application when
constructing rail vehicles and producing
components,
 Dynamic strength of components over the lifetime
of a rail vehicle,
 Ensuring the safe operation of rail vehicles,
 Noise and vibration of rail vehicles,
 Adhesion and dynamics of rail vehicles propulsion,
 Trends in rail vehicles construction.
The Centre deals with the operation and maintenance
of vehicles, and the interaction between vehicles and
the track, while also considering how to monitor and
analyse the behaviour of vehicles in operation and the
interaction with tracks and switches based on
standards.
The objective of the ALFA project was to increase the
quality of track in switches. The project considered
the following issues:
• 3D modelling and calculations for switches and
crossings
• Finding stiff areas along the switch
• Design of new fastening systems with stiffness
modification in line with the modelling analysis
• Manufacture and installation of turnouts in a test
track for verification and evaluation
• Measurement and evaluation of switches with
flexible fastening systems

TACR ALFA TA01031297 (CZ)
(DT, BUT)

Figure 5 – Related national projects

(b) Methodology
The S-CODE project has been divided into three phases:
Phase 1: Requirements and initial design
Phase 2: Technical development
Phase 3: Demonstration and evaluation

Phase 1: Requirements and initial design
This phase of the project mainly addressed Objectives 1 and 2 by eliciting the key industrial and
technical requirements, as well as identifying existing best practice and technologies from other
domains that can be exploited to help achieve significant improvements in S&C design. An
architecture for modular design has been developed that will enable different subsystems to be
interchanged during the life of a S&C installation. This will allow the subsystems to be developed
with some level of independence (different manufacturers, different timescale for
upgrade/renewal). This phase of the project will also consider the design philosophy and develop
initial high level conceptual designs for new S&C through the use of horizon scanning techniques,
such as back-casting.
WP1 – Best practice, elicitation of requirements and horizon scanning

WP2 – Overall system architecture and initial high level design
Phase 2: Technical development
This phase of the project addresses Objectives 3 to 6, and will concentrate on the detailed technical
design of the three main subsystems (control, design, and kinematic actuation). The overall aim of
this phase of work is to develop fault tolerant, low-LCC, low-carbon, low-maintenance turnout
components and subsystems, through the use of novel materials, processes, electronics, signal
processing and mechatronic design concepts as identified in Phase 1. A number of different design
concepts have been developed for each subsystem, with the most promising designs being taken
forward for detailed development.
WP3 – Next generation control: monitoring and sensor systems
WP4 – Next generation design: materials and components
WP5 – Next generation kinematic systems: actuators and mechatronics
Phase 3: Demonstration and evaluation
This phase of the project addresses Objectives 7 to 9, and will concentrate on the evaluation and
validation of the three main subsystems. Initially design concepts will be validated separately
through laboratory hardware-in-the-loop testing. Later, the design concepts were integrated using
the modular architecture to produce a candidate solution for development at higher technology
readiness levels through the remainder of the Shift2Rail programme.
WP6 – System integration and concept validation
WP7 – Evaluation, impact and future developments
Additionally, work packages WP8 (Dissemination and exploitation of knowledge) and WP9 (Project
management) ran throughout the project.

2.1 Achieved impacts
The benefits of the project are detailed below:-:
Benefits
S&C that last as long as
other components (e.g.
sleepers)

Measures to achieve impact
Top down design, rather than bottom up evolutionary design (WP1) will allow
radically different solutions to be identified that have the potential to provide a step
change in performance.

 Achieved in WP1.
Identification of innovations from other domains (WP2) will bring new ideas and
concepts to the area of S&C design.

 Achieved in WP2.
Focus on new materials (WP4) will investigate whether new material and
manufacturing techniques are able to improve performance.

 Work in WP4 is focussed on improved performance through the use of new
materials and manufacturing techniques.
Reduction in impact forces produced by discontinuities in existing design (WP4) will
reduce the degradation rate of S&C.
 The back to back switch and the optimised single slender switch concepts reduce

the discontinuities in the S&C, with the aim of reducing impact forces.

 WP4 has developed solutions to optimise track stiffness and reduce rate of S&C

degradation.
Optimisation of wheel/rail interface (WP4) will minimise wear.
 WP4 has explored the technology for a functionally graded steel crossing, which

has focussed on the reducing in surface damage through the crossing, enabling
longer lasting crossing profile.
Validation of design concepts (WP6) will ensure that the solutions are practicable.
 WP6 developed a range of technical demonstrators ensuring that the solutions a

feasible.
Evaluation of design integrated design (WP7) will quantify the impact (economic,
performance, etc.).
 The evaluation process used three tools which showed that the technologies

demonstrated have the potential to positively impact reliability.
New S&C design
capable of reducing
failures, maintenance
costs

Top down design, rather than bottom up evolutionary design (WP1) will allow
radically different solutions to be identified that have the potential to provide a step
change in performance.
 Achieved in WP1.

Identification of innovations from other domains (WP2) will bring new ideas and
concepts to the area of S&C design.
 Achieved in WP2.

Embedded sensors and digital signal processing solutions (WP3) will provide
radically improved fault detection, diagnosis and prognosis capabilities.
 WP3 focused on embedded sensors, identifying sensor type and location for

informing S&C health.
Development of S&C immune system (WP3) will provide self-healing capabilities.
 The project developed the technology for fault tolerant controls enabling continued

operation during sensor failure.
Development of fault tolerant kinematics systems (WP5) will provide ‘limp-home’
capabilities so that the system will still operate even if a fault is present.
 WP5 focused on fault tolerant kinematics systems including the back to back bi-

stable switch, locking with MR fluid and the highly redundant actuator.
Validation of design concepts (WP6) will ensure that the solutions are practicable.
 WP6 developed a range of technical demonstrators ensuring that the solutions a

feasible.
Evaluation of design integrated design (WP7) will quantify the impact (economic,
performance, etc.).
 The evaluation process used three tools which showed that the technologies

demonstrated have the potential to positively impact reliability and maintainability.
New materials capable
of self-healing and
lubricating concrete

Identification of innovations from other domains (WP2) will bring new ideas and
concepts to the area of S&C design.
 Achieved in WP2.

Development of S&C immune system (WP3) will provide self-healing capabilities.
 Ongoing work in WP3 is developing self-healing capabilities

Focus on new materials (WP4) will investigate whether new material and
manufacturing techniques are able to improve performance.
 Work in WP4 is focused on the performance of new materials and manufacturing

techniques
Validation of design concepts (WP6) will ensure that the solutions are practicable.
 WP6 has developed a range of technical demonstrators ensuring that the

solutions a feasible.
Evaluation of design integrated design (WP7) will quantify the impact (economic,
performance, etc.).
 Evaluation framework is undergoing development. Evaluation of technologies will

commence in RP2.
New S&C reduces noise

 Focus on new materials (WP4) will investigate whether new material and

manufacturing techniques are able to improve performance.
 WP4 focused on the performance of new materials and manufacturing techniques.

In particular the project explored the application of high damping concrete and
composite bearers.
 Optimisation of wheel/rail interface will minimise wear, and hence resulting noise.
 The back to back switch and the optimised single slender switch concepts reduce

the discontinuities in the S&C, this in turn will have a positive impact on noise. The
functionally graded steel crossing would also lead to improved retention of the
crossing profile, reducing noise associated with crossing profile degradation.
 Validation of design concepts (WP6) will ensure that the solutions are practicable.
 WP6 has developed a range of technical demonstrators ensuring that the

solutions a feasible.
 Evaluation of design integrated design (WP7) will quantify the impact (economic,

performance, etc.).
 The evaluation process used three tools which showed that a number of the

technologies demonstrated have the potential to positively impact noise.
Optimisation of track
support conditions
through tailored stiffness
transition zones

Focus on new materials (WP4) will investigate whether new material and
manufacturing techniques are able to improve performance.
 WP4 focused on the performance of new materials and manufacturing techniques

for S&C bearers which will help in the control of track stiffness.
Support structure innovation (WP4) will provide ‘designed’ stiffness transition zones.
 WP4 also explored tuneable stiffness fasteners as a solution to tailored stiffness

transitions.
Validation of design concepts (WP6) will ensure that the solutions are practicable.
 WP6 has developed a range of technical demonstrators ensuring that the

solutions a feasible.
Evaluation of design integrated design (WP7) will quantify the impact (economic,
performance, etc.).
 The evaluation process used three tools which showed that a number of the

technologies demonstrated have the potential to positively impact the control track
stiffness.
Generate solutions for
low cost maintenance
and renewal

Top down design, rather than bottom up evolutionary design (WP1) will allow
radically different solutions to be identified that have the potential to provide a step
change in cost.
 Achieved in WP1

Modular architecture (WP2) will allow differentiated solutions to be used, and also
new innovations to be incorporated without changing the whole systems.
 Achieved in WP2

Identification of innovations from other domains (WP2) will bring new ideas and
concepts to the area of S&C design.
 Achieved in WP2

Development of S&C immune system will provide self-healing capabilities.
 The project developed the technology for fault tolerant controls enabling continued

operation during sensor failure.
 WP3 focused on embedded sensors, identifying sensor type and location for

informing S&C health
Innovation in logistics and installation (WP4) will increase the efficiency, and hence
reduce the cost of installation.
 WP4 explored logistics and installation to identify efficient installation methods.

Development of fault tolerant kinematics systems (WP5) will provide ‘limp-home’
capabilities so that the system will still operate even if a fault is present.
 WP5 focused on fault tolerant kinematics systems including the back to back bi-

stable switch, locking with MR fluid and the highly redundant actuator.
Validation of design concepts (WP6) will ensure that the solutions are practicable.
 WP6 has developed a range of technical demonstrators ensuring that the

solutions a feasible.
Evaluation of design integrated design (WP7) will quantify the impact (economic,
performance, etc.).
 The evaluation process used three tools which showed that a number of the

technologies demonstrated have the potential to positively impact maintainability.
Generate solutions for
24/7 working

Top down design, rather than bottom up evolutionary design (WP1) will allow
radically different solutions to be identified that have the potential to provide a step
change in performance.
 Achieved in WP1

Modular architecture (WP2) will allow differentiated solutions to be used, and also
new innovations to be incorporated without changing the whole systems.
 Achieved in WP2

Identification of innovations from other domains (WP2) will bring new ideas and
concepts to the area of S&C design.
 Achieved in WP2

Development of S&C immune system (WP3) will provide self-healing capabilities.
 The project developed the technology for fault tolerant controls enabling continued

operation during sensor failure.
 WP3 focused on embedded sensors, identifying sensor type and location for

informing S&C health
Development of fault tolerant kinematics systems (WP5) will provide ‘limp-home’
capabilities so that the system will still operate even if a fault is present.
 WP5 focused on fault tolerant kinematics systems including the back to back bi-

stable switch, locking with MR fluid and the highly redundant actuator.
Validation of design concepts (WP6) will ensure that the solutions are practicable.
 WP6 has developed a range of technical demonstrators ensuring that the

solutions a feasible.
Evaluation of design integrated design (WP7) will quantify the impact (economic,
performance, etc.).
 The life cycle cost (LCC) analysis used in the evaluation process has shown that

most of the demonstrated technologies offer a benefit in LCC. This model takes
account of potential performance and access needs, showing a potential for
increase in capacity and therefore a contribution to 24/7 working.

The benefits will lead to the Shift2Rail TD3.2 expected technical impacts of:

Impacts
100% capacity increase

30% reduction in LCC and increased safety

50% increase in reliability and punctuality

Measures to achieve impact
Improved RAMS performance through novel
design of all subsystems (control, design and
kinematics systems)
Improved travel speeds through S&C
Faster switching and locking times
Simplification of design
Rapid installation that significantly reduces
the number of people required during the
installation process
Significantly reduced maintenance
requirements
50% increase in reliability (see below)
Close to 100% availability
Modular architecture to allow modular
upgrade/improvement
Reduced impact of vehicle forces through
improved switch design and optimised
wheel/rail interface
Fault tolerant systems
Maintenance free design
The development of an S&C immune system
for self-healing

The S-CODE project developed the new S&C concepts to TRL 4. The output of the project will
therefore be validated design that can be taken forward to develop the Shift2Rail Next Generation
S&C technology demonstrator. The design documentation will be augmented with BIM files, that
will help to support approvals and standardisation processes during the later stages of the Shift2Rail
programme.
The knowledge gained during the S-CODE project will help to inform best practice in S&C (and other
railway assets) implementation, operation, optimisation and maintenance. Furthermore, it is
intended that the research will influence future TSI requirements and standards at both national and
international levels.
The realisation of the Next Generation S&C demonstrator will support the competitiveness of the
EU railway industry by providing global technology leadership and innovation in the field. The
solution will increase the railway customer experience, while also increasing the attractiveness and
competitiveness of rail transportation, hence encouraging modal split.
1.2

DEVIATIONS SINCE THE PROPOSAL WAS APPROVED

1.2.1 Amendment 1

In the first amendment to the S-CODE project, the beneficiary Rhomberg Sersa Rail Holding GmbH
was replaced by Rhomberg Rail Consult GmbH.
The change in beneficiary was requested because Rhomberg Sersa Rail Holding GmbH is a holding
company with no trading capabilities. Rhomberg Rail Consult GmbH is a trading company within the

Rhomberg Sersa Rail Group which employs the relevant personnel who will be carrying out the work
of the action.
Rhomberg Sersa Rail Holding GmbH was initially selected as the beneficiary as it was thought that
this company would best represent the entire Rhomberg Sersa trading group, since it is the ultimate
holding company of all companies within the group.
The termination of beneficiary Rhomberg Sersa Rail Holding GmbH and replacement with new
beneficiary Rhomberg Rail Consult GmbH (RRC) has no impact on the technical work which will be
carried out in the project. The replacement beneficiary will undertake the tasks previously assigned
to Rhomberg Sersa Rail Holding GmbH. All foreseen tasks can be performed as planned and within
the deadlines described in Grant Agreement 730849. There will be no amendments to the allocation
of the budget amongst the other beneficiaries as part of this request. Rhomberg Rail Consult GmbH
has been assigned the full budget which was initially assigned to Rhomberg Sersa Rail Holding
GmbH.
1.2.2 Amendment 2

The second project amendment was requested, with effect from 1st July 2018, by the consortium as
Professor Roger Dixon, previously Principal Investigator of the S-CODE project at Loughborough
University, has been employed by the University of Birmingham since 1st May 2018. A significant
proportion of Professor Dixon's S-CODE research team and the main components of the
Loughborough Mechatronics Research Laboratory also moved to the University of Birmingham with
effect from 1st July 2018. As a result, Loughborough University has a reduced capacity to complete
the tasks set out in the Description of the Action as most of the research capability and laboratory
facilities will be located at the University of Birmingham. Loughborough University continued to
remain as an S-CODE project beneficiary undertaking some calculation and simulation work in WP3
and WP5, and provision of advice and review of technical inputs in WP6.

1.2.3 Consortium Agreed Budget Transfer

A budget transfer was agreed between members of the consortium by email correspondence on
11th December 2018.

Since this budget transfer is not reflected in the current Grant Agreement, this information has been
included here for information only.
1.3

PROJECT PLAN

1.4

WORK PACKAGES

List of work
packages Work
Package No
1

2

3

Work Package
Title
Identification of
current best
practice,
elicitation of
requirements
and horizon
scanning
Overall system
architecture and
initial high level
design
Next generation
control:

Lead
Participant
No
6

Lead
Participant
Short Name
COMSA

PersonMonths

Start
Month

End
month

54

1

9

1

UoB

63

3

11

1

UoB

122

6

27

monitoring and
sensor systems
4

5

6

7

8
9

Next generation
design:
materials and
components
Next generation
kinematic
systems:
actuators and
mechatronics
System
integration and
concept
validation
Evaluation,
impact and
future
development
Dissemination
and exploitation
Project
management

2

DT

196

6

27

1

UoB

114

6

27

2

DT

54

22

33

5

RSSB

36

13

36

10

RRC

14

1

36

1

UoB

15

1

36

668

1.5
Deliverable
(number)

DELIVERABLES AND PROJECT DOCUMENTATION

Deliverable name

Work
package
number

Short name
of lead
participant

Type

Dissemination
level

Delivery date
(months)

D1.1

Review of definitions,
standard operating
parameters, best practice
and requirements, including
future technologies and
horizon scanning

WP1

COMSA

R

PU

M9

D2.1

High level architecture
design document

WP2

UoB

R

PU

M11

D3.1

Next generation control:
monitoring and sensor
systems

WP3

UoB

R

PU

M27

D4.1

Novel materials and additive
manufacturing processes,
including opportunities to
improve logistics and
installation

WP4

F

R

PU

M21

D4.2

Integration and optimisation
of switch and substructure
technologies

WP4

BUT

R

PU

M27

D5.1

Next generation kinematic
systems: actuators and

WP5

UoB

R

PU

M27

mechatronics
D6.1

Summary of validation
exercises

WP6

DT

R

PU

M33

D7.1

Evaluation

WP7

RSSB

R

PU

M36

D8.1

Dissemination and
exploitation plan

WP8

RRC

R

PU

M9

D9.1

Quality assurance report

WP9

UoB

R

PU

M36

Please see Appendix 1 for a schedule of project milestones

2

PROJECT ORGANISATION AND RESPONSIBILITIES

2.1

HIGH LEVEL PROJECT ORGANISATION STRUCTURE

Figure 6 – S-CODE organisation structure
The management structure of S-CODE comprised of two levels of decision-making, strategic and
technical (the day-to-day level of individual work packages). External feedback from outside parties,
the Shift2Rail Project Officer and the wider Shift2Rail community will be managed at the strategic
level.
Strategic Level: - This level is represented by the Project Management Team (PMT) which
monitored and steered the project overall. The main tasks of this team were:
 To continuously monitor and review the project throughout its duration;
 If necessary, to redirect the project taking advice from the Shift2Rail Project Office and key
representatives of the Shift2Rail community;
 To review the project deliverables on technical quality, relevance and on their aims and
objectives set as stated in the Description of Work;
 To organise reviews on the project products;




To ensure the dissemination of findings and recommendations of the project results to the
stakeholders (e.g. Shift2Rail community and wider railway-community).
Consolidation of progress reports to be submitted to the Shift2Rail project officer.

The members of the project management team are:
 Project Manager (PM) who will chair the PMT;
 Work Package Leaders.
The overall co-ordination was carried out by the Project Manager. Assuming the responsibilities
defined in the European Contract, the Project Manager will be responsible for all aspects of the
interface between the project consortium and the Shift2Rail consortium. The Project Manager was
responsibile for:






Project quality, to be established through monitoring of the project’s output and discussion with
Work Package Leaders and representatives from all consortium members;
Co-ordination of internal and external communication;
Co-ordination of the management of the project;
Ensuring the appropriate implementation of advice given by external experts;
Managing the interface with the Shift2Rail consortium.

The Project Manager was supported by the Project Support Team, comprising of project assistants
taking care of the following day to day management issues, in general:




Administrative and financial management (budget, setting standards);
Monitoring: Identification of deviations and actions required with the Shift2Rail JU;
Organising and preparing meetings.

2.2

THE SHIFT2RAIL JU’S OBLIGATIONS AND RESPONSIBILITIES

The Shift2Rail JU’s obligations and responsibilities included:

2.3



Co-ordination of activities involving expert and user groups;



Provision of procedures and timetables for the acceptance of deliverables;



Feedback on the quality of deliverables following the end of each Reporting Period
(RP1: 01.11.2016 – 30.04.2018; RP2 01.05.2018 – 31.10.2019)

OBLIGATIONS AND RESPONSIBILITIES OF OTHER INVOLVED
GROUPS

Any expert groups identified as having involvement in this project: 

Provided documentation and access to specialist information.



Attendanced meetings to provide expert input.

2.4

KEY PROJECT PERSONNEL AND REPRESENTATIVES
All the key personnel from the coordinator, beneficiaries, WP leaders, project officer,
quality contractor and expert groups are identified in the table below.
Role Title
Coordinator
Lead UoB
Lead DT
Lead Comsa
Lead Ferrovial
Lead RSSB
Lead L’boro
Lead BUT
Lead UPA
Lead RRC
WP1 Lead
WP2 Lead
WP3 Lead
WP4 Lead
WP5 Lead
WP6 Lead
WP7 Lead
WP8 Lead
WP9 Lead
Shift2Rail
Programme Manager
Quality contractor
Expert Group

Name
Clive Roberts
Clive Roberts
Lukas Raif
Miquel Morata
Javier Royo
Geeta Kailla
Chris Ward
Otto Plasek
Martin Kohout
Stefan Knittel
Miquel Morata
Clive Roberts
Clive Roberts
Lukas Raif
Roger Dixon
Lukas Raif
Neil Gofton
Stefan Knittel
Clive Roberts
Nikolaos
Athanasopoulos
John Amoore
Shift2Rail IP3
Committee

Company /
Contact Details (email)
Organisation
UoB
C.ROBERTS.20@bham.ac.uk
UoB
C.ROBERTS.20@bham.ac.uk
DT
Raif@dtvs.cz
Comsa
miquel.morata@comsa.com
Ferrovial
fjroyo@ferrovial.com
RSSB
Geeta.Kailla@rssb.co.uk
L’boro
C.p.ward@lboro.ac.uk
BUT
plasek.o@fce.vutbr.cz
UPA
Martin.Kohout@upce.cz
RRC
Stefan.Knittel@rhombergrail.co
m
Comsa
miquel.morata@comsa.com
UoB
C.ROBERTS.20@bham.ac.uk
UoB
C.ROBERTS.20@bham.ac.uk
DT
Raif@dtvs.cz
UoB
R.Dixon@bham.ac.uk
DT
Raif@dtvs.cz
RSSB
neil.gofton@rssb.co.uk
RRC
Stefan.Knittel@rhombergrail.co
m
UoB
C.ROBERTS.20@bham.ac.uk
Shift2Rail JU Nikolaos.ATHANASOPOULOS@s2r
.europa.eu
Independent
john.amoore@live.co.uk
S&C experts Contact was Felicity Osborn, IP3
selected from
coordinator:
IP3
Felicity.Osborn@networkrail.co.
Committee
uk

Coordinator
Responsible for:
 Project quality, to be established through monitoring of the project’s output and
discussion with Work Package Leaders and representatives from all consortium
members;
 Co-ordination of internal and external communications;
 Co-ordination of the management of the project;
 Ensuring the appropriate implementation of advice given by external experts;
 Managing the interface with the Shift2Rail JU;
 Ensuring the terms of the Consortium Agreement are met;
 Arranging and chairing meetings of the Plenary and Project Management Team.
Beneficiary Leads
Responsible for:








Efficient implementation of the project, and to cooperate, perform and fulfil, promptly
and on time, all of its obligations under the Grant Agreement and the Consortium
Agreement as may be reasonably required from the beneficiary.
Prompt notification, in accordance with the governance structure of the project, any
significant information, fact, problem or delay likely to affect the project.
Prompt provision of all information reasonably required by a Consortium Body or by the
Coordinator to carry out its tasks.
Taking reasonable measures to ensure the accuracy of any information or materials it
supplies to the other beneficiaries.
Representing the beneficiary at Plenary Board meetings

WP Leads
Responsible for:
 Overseeing all work within the relevant WP and ensuring that deliverables of suitable
quality are submitted to the coordinator on time
 Attending and contributing to Project Management Team meetings
 Effective and efficient implementation of the project
Shift2Rail Programme Manager
Responsible for:
 Communications with the coordinator
 Arranging and coordinating project reviews
Quality Contractor
Responsible for:
 Reviewing and reporting to the coordinator on the technical quality of deliverable
documents prior to the submission of deliverables to the Shift2Rail JU.
Expert Group
Responsible for:
 Attending ad hoc meetings and provide feedback on project work
 Provision of ad hoc advice to the coordinator or Project Management Team
2.5

SUBCONTRACTORS
There are no subcontractors involved in the project.

2.6

ESCALATION PROCESS
The escalation procedure would have applied when:


Project exceptions meet the specified escalation criteria;



Agreement cannot be reached on Project Issues or Problems.

Project Exceptions
Project exceptions include delays and issues raised.
The escalation procedure for delays was as follows:

The escalation procedure for issues was as follows:

Disputes
The escalation procedure for disputes was set out in the Consortium Agreement:
“The parties shall endeavour to settle their disputes amicably.

If, and to the extent that, any such dispute, controversy or claim has not been settled
pursuant to the mediation within 60 calendar days of the commencement of the mediation,
it shall, upon the filing of a Request for Arbitration by either Party, be referred to and finally
determined by arbitration in accordance with the WIPO Expedited Arbitration Rules.
Alternatively, if, before the expiration of the said period of 60 calendar days, either Party
fails to participate or to continue to participate in the mediation, the dispute, controversy or
claim shall, upon the filing of a Request for Arbitration by the other Party, be referred to and
finally determined by arbitration in accordance with the WIPO Expedited Arbitration Rules.
The place of arbitration shall be Brussels unless otherwise agreed upon. The language to be
used in the arbitral proceedings shall be English unless otherwise agreed upon.”

3

PROJECT PROCESS CONTROLS

3.1

PROGRESS MEASUREMENT AND MONITORING

3.1.1 Project Progress Reports

Quarterly progress reports were produced by Task Leaders and WP Leaders. These reports
were used by the coordinator to provide regular updates to the Shift2Rail programme
manager. The reports were also used to assess progress, consider whether there are any
risks to progress or risks to the project scope or achievement of objectives.
The progress reports contained information about:


Progress against subtasks and milestones



Progress towards achieving Task/WP objectives



Risk management



Stakeholder issues



Safety



Resourcing



Meetings



Data collection



Testing

3.1.2 Meetings

The Project Management Team met quarterly to review project progress.
3.2

PROCESS CONTROLS
The purpose of adopting controls is to ensure that the project:


Produced the required products which meet the defined acceptance criteria



Was being carried out to schedule and in accordance with the resource and budget
plans



Remained viable

Quality plan, reviews and approval process
The quality plan set out the quality assurance procedures for the S-CODE project. It aimed to
deliver clarification and guidance to procedures and standards to be used in all major
activities set in the work project. The quality plan is applicable to all activities, which are
related to the project. Hence, compliance of its execution was mandatory for all involved.
S-CODE’s quality principles were as follows:
• To implement and maintain a quality system;

• To identify to all involved their responsibilities regarding quality;
• To ensure that all deliverables comply with the grant agreement;
• To ensure that all processes relevant to the project are organised and monitored at a high
level of effectiveness and quality.
Quality planning was about defining the outputs required by the project, with their
respective quality criteria, quality assessment methods and the quality responsibilities of
the involved partners.
The WP leaders were responsible for reporting the progress of project work, which included
all deliverables. The process follows then to the Quality Contractor, who assess the overall
quality of the deliverable and submit the necessary reviews to the coordinator. Based on
received comments, the coordinator will liaise with the WP leader to undertake all
necessary improvements and changes and prepare a pre-final version to be approved. In
addition to the scientific compliance and approval, the deliverable must also be in
accordance with the structure defined for reporting deliverables to the Shift2Rail JU. The
project coordinator will make the last revision and ensure the coherence.
The following table provides a short list of indicators of quality that were assessed by the
Quality Contractor:

Quality Indicator

Reference

The contents are in accordance with the
objectives stated in the Description of Work

S-CODE Description of Work

The deliverable offers complete
documentation on the work done in the
corresponding WP/task

S-CODE Description of Work and minutes of
project meetings

The deliverable is compliant with the
templates and editing guidelines as outlined
within the Project Management and Quality
Plan

S-CODE Project Management and Quality
Plan

The deliverable is suitable for the targeted
audience

WP8 – communication, dissemination and
exploitation

The deliverable is clear and legible

Review topics:
Language and syntax
Structure
Relevant illustrations
Relevant annexes

The deliverable is complete

Review topics:
References
Missing parts
Incomplete arguments

Topics not covered
As a result of this exercise, a statement was prepared to summarize the results, the
problems found and suggestions. This process will be repeated until the deliverable’s quality
is considered satisfactory. The final version is sent to the coordinator for submission on the
EU portal and may be released for dissemination purposes in accordance with the
dissemination level defined in the Grant Agreement. An example of the review for
deliverable 3.1 is included in Appendix 2.

Risk Management
The Project Manager and Project Management Team were responsible for monitoring and
managing project risks. A risk register was maintained which was regularly reviewed and
updated, with the actions taken to minimise or reduce the risks.
Change Control
Any proposed changes to the implementation of the project would be notified to the
coordinator. The coordinator would then arrange for approval of the changes by the Project
Management Team or Plenary Board in line with the provisions of the Consortium
Agreement. If under the terms of the Grant Agreement a project amendment is required,
the coordinator would notify the Shift2Rail Programme Manager. The coordinator was
responsible for the launching and submission on the EC portal of all amendments.
Standards
Standard document templates including meeting minutes template, presentation templates,
deliverables templates and reporting templates were made available by the coordinator on
the shared project document repository.

4

ACCEPTANCE AND PAYMENTS

4.1

GENERAL ACCEPTANCE PROCEDURE
Deliverables were considered accepted by the PMT when any issues which arise as a result
of deliverable quality reviews had been addressed by the WP leader. Deliverables were
submitted to the EC portal by the coordinator.
Deliverables were considered accepted by the Shift2Rail JU following confirmation of
acceptance as the result of any project reviews, including mid-term, interim and final
reviews.

4.2

PAYMENT
The following payments were confirmed by the Shift2Rail JU to the coordinator:
- One pre-financing payment;
- One or more interim payments, on the basis of the request(s) for interim payment (see
Article 20), and
- One payment of the balance, on the basis of the request for payment of the balance (see
Article 20). 21.2
Pre-financing payment — Amount — Amount retained for the Guarantee Fund
The aim of the pre-financing is to provide the beneficiaries with a float. It remains the
property of the JU until the payment of the balance. The amount of the pre-financing
payment will be EUR 2,499,885.63 (two million four hundred and ninety nine thousand eight
hundred and eighty five EURO and sixty three eurocents). The JU will — except if Article 48
(of GA 730849) applies — make the pre-financing payment to the coordinator within 30
days either from the entry into force of the Agreement (see Article 58) or from 10 days
before the starting date of the action (see Article 3), whichever is the latest. An amount of
EUR 249,988.56 (two hundred and forty nine thousand nine hundred and eighty eight EURO
and fifty six eurocents), corresponding to 5% of the maximum grant amount (see Article
5.1), is retained by the JU from the pre-financing payment and transferred into the
‘Guarantee Fund’.
Interim payments — Amount — Calculation
Interim payments reimburse the eligible costs incurred for the implementation of the action
during the corresponding reporting periods. The JU will pay to the coordinator the amount
due as interim payment within 90 days from receiving the periodic report (see Article 20.3),
except if Articles 47 or 48 apply. Payment is subject to the approval of the periodic report.
Its approval does not imply recognition of the compliance, authenticity, completeness or
correctness of its content.
The amount due as interim payment is calculated by the JU in the following steps:
Step 1 – Application of the reimbursement rates

Step 2 – Limit to 90% of the maximum grant amount
Application of the reimbursement rates
The reimbursement rate(s) (see Article 5.2) are applied to the eligible costs (actual costs,
unit costs and flat-rate costs ; see Article 6) declared by the beneficiaries (see Article 20) and
approved by the JU (see above) for the concerned reporting period. 21.3.2
Limit to 90% of the maximum grant amount
The total amount of pre-financing and interim payments must not exceed 90% of the
maximum grant amount set out in Article 5.1. The maximum amount for the interim
payment will be calculated as follows:
{90% of the maximum grant amount (see Article 5.1) minus {pre-financing and previous
interim payments}}.
Payment of the balance — Amount — Calculation — Release of the amount retained for
the Guarantee Fund
The payment of the balance reimburses the remaining part of the eligible costs incurred by
the beneficiaries for the implementation of the action. If the total amount of earlier
payments is greater than the final grant amount (see Article 5.3), the payment of the
balance takes the form of a recovery (see Article 44). If the total amount of earlier payments
is lower than the final grant amount, the JU will pay the balance within 90 days from
receiving the final report (see Article 20.4), except if Articles 47 or 48 apply. Payment is
subject to the approval of the final report. Its approval does not imply recognition of the
compliance, authenticity, completeness or correctness of its content. The amount due as
the balance is calculated by the JU by deducting the total amount of pre-financing and
interim payments (if any) already made, from the final grant amount determined in
accordance with Article 5.3: {final grant amount (see Article 5.3) minus {pre-financing and
interim payments (if any) made}}. At the payment of the balance, the amount retained for
the Guarantee Fund (see above) will be released and:
- if the balance is positive: the amount released will be paid in full to the coordinator
together with the amount due as the balance;
- if the balance is negative (payment of the balance taking the form of recovery): it will be
deducted from the amount released (see Article 44.1.2).
If the resulting amount:
- is positive, it will be paid to the coordinator
- is negative, it will be recovered.
The amount to be paid may however be offset — without the beneficiary’s consent —
against any other amount owed by the beneficiary to the JU up to the maximum JU
contribution indicated, for that beneficiary, in the estimated budget.
Notification of amounts due
When making payments, the JU will formally notify to the coordinator the amount due,
specifying whether it concerns an interim payment or the payment of the balance. For the
payment of the balance, the notification will also specify the final grant amount. In the case
of reduction of the grant or recovery of undue amounts, the notification will be preceded by
the contradictory procedure set out in Articles 43 and 44. 21.6

Currency for payments
The JU will make all payments in euro.
Payments to the coordinator — Distribution to the beneficiaries
Payments will be made to the coordinator. Payments to the coordinator will discharge the
JU from its payment obligation. The coordinator must distribute the payments between the
beneficiaries without unjustified delay. Pre-financing may however be distributed only:
(a) If the minimum number of beneficiaries set out in the call for proposals has acceded to
the Agreement (see Article 56) and
(b) To beneficiaries that have acceded to the Agreement (see Article 56).
4.3

FINAL ACCEPTANCE AND CLOSURE OF THE PROJECT
The processes for final acceptance and closure of the project was as follows:


check the extent to which the objectives set out in the Grant Agreement have been
met



confirm to what extent all expected deliverables have been submitted and accepted by
the Shift2Rail JU



make recommendations for any follow-on actions and lessons learned resulting from
the project



communicate with the Plenary Board and Project Management Team on closure of the
project and notify all involved parties

It was the coordinator’s responsibility to send a final acceptance note to the co-ordinator to
signify project closure.

5

CONTROL OF THE PMQP

5.1

PMQP APPROVAL
The PMQP approval process was as follows:

5.2



The Project Manager prepares the PMQP.



An initial draft is introduced for review by the project coordinator.



Comments from the coordinator are integrated into the PMQP in order to produce the
final version for approval by the Project Manager.

CHANGES TO THE PMQP
Changes to the PMQP could be implemented as follows:


The PMQP will be updated on a quarterly basis, or as required by changes to the
project, by the Project Manager.



Updates and changes must be approved by the project coordinator.

APPENDIX 1
Schedule of Project Milestones
Milestone
number
M1

Milestone name
Identification of existing
operating parameters and
definitions

Related work
package(s)
WP1

Due date
(month)
M3

Means of verification
Verified by national
external groups

Date
Achieved
07/03/2017

M18

Requirements document

WP1

M6

Requirements document
ready

04/05/2017

M2

Agreed design concept

WP2

M9

Accepted by PMT

28/07/2017

M3

Design of sensing and data
management system

WP3

M18

Complete design
documentation ready

27/04/2018

M4

Design of intelligent selfdiagnostic monitoring systems

WP3

M24

Complete design
documentation ready

27/04/2018

M5

Design of fault tolerant control
system

WP3

M24

Complete design
documentation ready

27/04/2018

M6

UPA S&C wheel rail interface
model enhanced

WP4

M21

Model validated with real
world data

31/08/2018

M7

Substructure model developed

WP4

M21

Model validated with real
world data

27/04/2018

M8

Kinematic model developed

WP5

M18

Model validated with real
world data

27/04/2018

M9

Novel actuator designs
completed

WP5

M21

Complete design
documentation ready

31/07/2018

M10

Mechatronic system designs
completed

WP5

M24

Complete design
documentation ready

31/10/2018

M11

Demonstrators for validation
completed

WP6

M32

Complete set of validation
results

31/07/2019

M12

Initial dissemination plan
available

WP8

M3

Accepted by PMT

03/03/2017

M13

Project website available

WP8

M6

Website available

04/05/2017

M14

Dissemination and exploitation
plan reviewed and updated

WP8

M18

Accepted by PMT

27/04/2018

M15

Web site content updated

WP8

M18

Website available

30/04/2018

M16

Mid-term conference

WP8

M19

Event takes place

24/01/2018

M17

Final conference

WP8

M36

Event takes place

29/10/2019

APPENDIX 2
Example - Review of Deliverables 3.1 Draft for Project S-CODE
Reviewed by John Amoore 31 January 2019
Deliverable D3.1 fully meets its objectives and explains how the concepts developed may be integrated with
the deliverables from WP4 and 5 or existing switch designs. This increases expectations for the outcomes
from WP6 and 7.
General comments
There were a number of figures that were not in English and also examples of inconsistent formatting and
units. These shortcomings were not considered serious as the purpose of the figures was not lost and errors
in the main text are more likely to diminish the value of a report.
WP3 has benefitted in line with other WPs within the S-CODE project through having the scope and
resources to cover the subject in depth. A feature of FP7 projects was that within three years an ambitious
broadly based investigation was expected to deliver usable outputs with no guarantee of any linked further
work on the topic. Projects selected from later calls could ignore earlier work that had made a worthwhile
contribution. S2R links research over a number of years sufficient to deliver a working demonstrator. This
approach has a higher probability of a successful outcome although technology scanning needs to ensure that
preferred solutions are not overtaken by technologies developed within other sectors.
Vehicles monitoring infrastructure
The report allocates less than a page to in-service vehicle based monitoring although this is a topic in which
UoB has significant expertise. Although vehicle based monitoring is relatively expensive in capital cost and
processing time, the ability to monitor 100s of switches per day makes the investment cost effective if the
technical difficulties can be overcome. Initially vehicles fitted with combinations of lasers, machine vision,
thermography, accelerometers and AE instrumentation could learn the characteristics of switch health from
wheel rail contact conditions through to track support degradation. Simplified versions with high capability
could then be fitted to in-service vehicles delivering most of the benefits in a much shorter timescale than
rolling out thousands of static systems. Most importantly this approach is amenable to updating as
technological advances require far fewer sensors that may be fitted in the relative comfort and safety of a
train maintenance depot. The contribution of the monitoring vehicle’s condition to the vehicle track
interaction would be determined by the on-board sensors, overcoming the problem for static monitoring
systems where every vehicle is different. Perhaps this approach is investigated in other S2R work streams.

Comments from Deliverable Coordinator
General comments
As noted by the reviewer, minor formatting and language differences between figures and the supporting text
were considered insubstantial in comparison to the main body of the report. Where figures were cited from
references, it was not considered appropriate to re-create them to change the language used.
The technology scanning approach has been used throughout the S-CODE project and this will continue as
work moves towards the integration and evaluation phases. While it may not be possible to fully implement
any new technologies identified at this stage, they would at least be incorporated into the evaluation process
– for example as identified risks to adoption of the planned approach.
Vehicles monitoring infrastructure
It is accepted that monitoring of the infrastructure from vehicles can provide excellent coverage, and that new
technologies and high-speed on-board processing provide an opportunity for a step change in this area. As
noted, the University of Birmingham has significant experience in this space, and are advocates of the
approach which has been considered in a number of previous and ongoing projects both within and without
the Shift2Rail structure.
The S-CODE project is, however, primarily focused on infrastructure-based solutions. Following extensive
scoping consideration in WP1 and WP2, it was decided by the consortium that track-based technologies
would therefore provide the core of the project activities, with the only notable exception being the switching
vehicle concept. The inclusion of this section in D3.1 was intended to acknowledge the potential for the use
of vehicle-based monitoring despite it not being considered in depth within the project. The section, provided
by UPA, also provides crossover to their other activities in WP4 and WP5.

