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ReviewComments

Following the In2Rail midterm review on Tuesday 28th February 2@1%,deliverable was
requested for revision by the European Commission in the assessment report #Ref.
Ares(2017)1734456 31/03/2017, In2Rail can confirm that the review comments haeen

duly considered and this modified report contains revisions to address these specific points.

The below table provides an index to Sections of the revised document that contain the
responses to the review comments.

9 Section5.1: A new section 5.1 has beg
inserted to describe the current conce
and illustrate (in S5.2) how thabncept is
modified with the proposed closelbop

approach.
System design concept is needed to | § Section 5.23ection 5.2 (formerly 5.1) ha
clearly expanded on in the report. been expanded and relates the approg

to the openloop approach to conventiong
S&C (of which HPSS is one approach
will be used to demonstrate theoncepts
as the work progresses)

Section5.1

Section5.2 the changes above are al

intended to make this clearer.

1 Section5.2.3.2 anew section5.2.3.1dTask
2.4 System Design Concept / Approdc
has been added to describe how t
simulation of a HPSS will be used
compare the conventional (omeloop
control) with the proposed closelbop
design approach.

i Section5.2.4 changes have been made
the structure some parts of text with th
aim of understanding what the differer|
approach is in terms oedundancy.

i Section5.5: an extra list of bullefpointed

steps going forward to make it clearer wh

work will be done (to be reported on in th
future)

= =

Explanations needed of how to apply t
system design concepts / approach.
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Deliverable D2.7

The CBA (Cost Benefit Analysis) in Ch.4 n
to be carred out following standard CB
YSUK2R2t23AS8& 602YLJ
A2YSGKAYy3A¢E a0Syl NR?2
in the report, and therefore no cost ¢
implementation of new systems and 1
benefits are assessed).

Sectiod.1.4
Sectiord4.2.3
Sectiord.3
A discussion of the twpieces of work ig
added in 4.1.40 link the common theme;
and show howthe way forward was
identified. Sectionr4.3 has been added t
identify the next steps

= =4 —a -9

Ch.5 Control Process Analysis: There sh
be more focus on specific concepty
applications to S&C and on the research i
new S&C control principles as well as on h
0KS G LJ2 &F2MNJ AT deNIA &N
described at the end of section 5.4 go beyad
the current state of the art.

1 Section5.1
1 Section5.2
1 Section5.5
In the changes mentioned in response to f{
first two comments (top of this table) we ha
tried to relate what we plan to do an
demonstrate on HPSS. More was also ad
to give more detail in 5.5f¢rmerly 5.4) to
show the detail of whiawe will compare.
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Executive Summary

The aim of this deliverable document is to explain the initial steps that Task 2.4 has taken to
address the remit to deliver newontrol and monitoringprinciples for Switches & Crossings
(S&C) to allow for automatedelfadjustment of switches within acceptable tolerances that
provide for safe and reliable operation.

In order to understand the remit research was carried out into understanding basic control
systems theoretical principles, and what the safety and penBoice requirements are. This
developed into an understanding the current S&C control principleand a case study
investigating S&C PoiQperating Equipment to be analysed in detdihe case study has been
carried out using information gathered from tloairrent Network Rail type HPSS points system.
This data aided the identifying the specification requirements for advanced switch control that
included the functionality for selidjustment. As part of this task the S&@s treated as a
system so there is eequirement to take the track substructure data into account as this will
increase the understanding of the parameters and magnitudes of theadglft that is required.

The reduction in the amount of manual interaction will have both a safety and fislanenefit.
The safety benefit will be related to the reduced amount of time that work force staff are
exposed to the track environment. .

The financial benefits calculated in this report took the assumption that there would be a
reduction in thevolume of service affecting failures thatequired some form of remedial
adjustmentas part of the failure mechanism. There was also a calculation on the amount of
money saved by reducing one of Network Rails standard tasks of regularly checking- and re
adjusting d S&C motion and locking mechanisms.

The potential savings using Network Rail dmdfikverketinformation shows that on average
EUR 11,1 and EUR 2.3 million pear couldoe saved respectively.

From these figureghe business case for seltljustingrailway switchess clear. The remaining
work being tackled in dsk2.4 is the technical challenge of how &chievethis. Future work,
which will be reportedin the final deliverable(D2.8) is to look at various control systems
science based concep#sd to test theseagainst current switch control technologyhis will

then inform a full and accurate cost benefit analysis prior to making further recommendations
to Shift2Raili(e. the Annual Work Plan 2018 Members Project and théo8e IP3 Open Call
Projea).

GA 63900 Page5 of 50
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Abbreviations and acronyms

Abbreviation / Acronyms Description

MTBSAF Mean Time Between Service Affecting Failure
FPL Facing Point Lock

HPSS High Performance Switch System

NR Network Rail

S&C Switches and Crossings

POE Point Operating Equipment

ECU Electrical ContraUnit

HPSA High Performance Switch Actuator

AC Alternating Current

DC Direct Current

EMC Electromagnetic compatibility

LVDT Linear Variable Differential Transformer
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1 Background

The present document constitutes the second issu®elverable D2.7Seltinspecting and
I R2dzadAy3 {9/ {eadtdSvya 02y OSLIi RSaA3aly NBLRNI
LyadSttAasSyid wl m2REil; Goant M@e2iSedtiNo 63008@.y 8 YY L

This task requires research into new principles for S&C contr@l raonitoring to allow for
automated seHadjustment of switches within acceptable tolerances for safe and reliable
operation It will require the design of seilispecting, correcting and adjusting systems and sub
systems. The ambition of WP2 Task 2.4tasinvestigate the feasibility of implementing
advanced control systems, to both existing and radical switch designs, using virtual testing and
verification to encompass all possible variations in operating conditions to establish safety limits
(TRL3).

Falures associated with S&C currently account for som@&@% of all infrastructure failures on
European railways. Experience dictates that there is a common issue around reliability of Points
Operating Equipment (POE) lock and detection functions and iaati$ack of redundancy built

into this safety critical asseT.here is also a requirement teduce or eliminate the amount of
manual maintenance requiret improve staff safety

The development of innovative solutions will be performed using stéthe-art design,
computer simulation and visualisation for the assessment of a number of innovative new S&C
solutions.

GA 63900 Page8 of 50
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2 Objective / Aim

The primary aim of this objective is to describe the basictrol systemghat are currentlyin
usein other industres and investigatewhether suchfeedback controkystemsmight be used
within the existing S&C control.

The focus willthen be on taking the principles of feedback control (and associated control
systems science ideddrward to determine how they can bemplementedon current S&C
systems The following step is to then sdeow with further mods to the hardware (being
considered in other parts of the projecthe control conceptdor rail mightbe further improved

in the futureand added to the novealadical S&Qlesign concept developed within In2Rail WP2
Task 2.3

The overall aim is to reduce or eliminatéhe number of failures and reductne amount of
manual intervention required to adjust switches during maintenance. This will also lead to a
reduction inthe amount of faults requiring teams to manialadjustswitches as a result of
failure.

GA 63900 Page9 of 50
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3 Scope of Work

The following table shows what issgope within this ask2.4:

In Scope Out of Scope

Switch Locking Mechanism(s) Power Supply (This will be in scogethe
detailed design stage¢ i.e. within
Shift2Rail).

Switch POE Detection System(s) Uncommon, Low Population and Lg

Failure Rate Switch Designs
All Major European Rail Profiles, Swil Designing to Withstand the Loa
Designs and Constructions assocated with Rurthroughs

Interface with Existing Signalling Systemsg

Consideration of Degraded Ssbructure

Interaction with Other Systemsé. Points
Heating)

Weather Resilience

Compliance with Existing European and
Individual Infrastructure Managy
Standards

Existing Switch Actuation

Table3.1: Specific Extent of Scope

As a baselinéor this deliverable it has been decided that the task will use information gathered
from a Network Rail Point Maate, HPSS (Higherformance Switch System). Tihecision was
made as the datawhich is the switch position location from the LVDT (Linear Variable
Differential Transformerjs readily available and can help form the base that this task will take
forward ard improve upon.This will be used as a Case Studgwever, it should be noted that
the conclusions are expected to be general (not just applied to HRiShat any principles
learnt can be adaptedo other switch types ando meet the requirements ofadical S&C
designs emanating from Task 2.3

3.1 Network Rail HPSS

The system was first trialled in Tamworth in 1998 to 2001, and it gained its product acceptance
in 2001. Currently there are about 500 winstalledacrossthe UK network which makes up
2.6% @ the S&C systems within the UKhe other types of systems are:

A HW Point Maching 42%
A Style 63 Point Machine5%
GA 63900 Pagel0 of 50




In2Rail

Deliverable D2.7
Self Inspecting / Adjusting S&C: Systems Concept Design Report

A Clamp Lock MKQ47%
A Hydrive Mechanicat 2.6%
For the purpose of this deliverable the mechanical point systems in the UK have b&etedxc

Table3.2 shows the HPSS summary statistics:

Actuation Electremechanical

Torsional Tube
500
3.5yrs

Supplementary Drive

Number inservice
MTBSAF
Strengths of HPSS
Vulnerable to
Initial Cost

Drive System
Detection Rilure
High

Table3.2: Summary of HPSS

Figure3.1 shows an overview of the HPSS system

HPSS (High Performance Switch System)

PowerLink
Backdrive

HPSA
(Point Machine)

Power Pack Drie Unit HPSS Handset HPSS Logger

Figure3.1: HPSS Outline

The HPSS has Rail Position Sensors within the systedio detect the position of the switch
rail relative to the adjacent stock rail. The system has two position sensorgyithary sensor
at the swich toe, anda secondary found at the sujgmentary drive position. The position

GA 63%900 Pagell of 50
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sensor consists of a Linear Varialbldferential Transformer (LVIDTwhich hasa continuous
measurement rangecomparedto conversational limiswitches.

Powered operation of the HPSS isiagld via standard relaye a location case oretayroom.
The High Performance Switch Actuator (HPSAgsigned to integrate with AC, BCSolid State
Signalling systems.

The HPSA is an electromechanical unit that provides the Actuation, Locking and Detection
functions for theS&C system.

EXTERMAL HPSS VDT L HPSS LVOT
INTERFACE
SWITCH
IIII.- I"‘.' RAILS II-"I \
L1
ECU STOCK e et STOCK
RAIL RAIL
BEARBOX
ACME
THREAD DRIVE DRIVE
SHAFT CARRIAGE
MOTOR BRAKES DETECTORS
HPSA
SLEEFER

Figure3.2: HPSA Block Diagram

Command and Detection cables are the 10 Core and 4 Core types commonly used for Point
Machines.

The entire HPSS is controlled and monitored by an ElectroniadCdmit (ECU) thateceives
external demands, controls the actuation and locking sequence, provides detexitpnt to
the external signalling system, and contains the Condition Monitoring circuitslatadstorage.
By designing the ECU as a number stidite circuit boards contained withafully waterproof,
EMC compliant housing, the HPSS design is compatible withsignglling system and
importantly offers the ability to be upgraded to contain additiomatcuitry for any new
signalling system intémces, or enhanced remote Condition Monitoritigat is required in
future.

GA 63900 Pagel2 of 50
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On receipt of a valid commanthe ECU energises the duplerake to release the SwitcRails
and then operates the motor until a stall condition is detected via the msémsors(that is the
closing Switch Ras assumed to haveriven hard up against its mating Stock Rail

When the Switch Rail has stalled out against the Stock matbr power is removed and the
brake is deenergised, restoring dth friction plates within thebrake allowing the spring to
return them to the holding position The friction plates positions are monitored by two
independentproximity sensors, which are located within the Brake assembly.

The ECU sets a valid detection outpuith the points in eithdld G KS Wb2NXIf Q 2N
position, when it has confirmed that all rail sensor positions are within their specified
tolerances, that isvhen the Switch Rails are in afeaand secure position, and bothrdke

friction plates are in their holding position.

As a safety checlan internal timer within the ECU removes power from the Motorthie rail
positions have not reached their specified tolerances within 6.5 seconds from receipt of a
demand, andconsequentlywill not give avalid output to the signallig system thereby
YEAYOGlrAyagBGEQ®Aal TS

Once the ECU has set a valid detection outplitrail sensor positions anddke frictionplate
positions are continuously monitored to ensure that a valid detection owgparnain.

The position of each SwitdRall relative to its associated fixed Stock Rail is monitored using a
Linear Variable Differential Transformer (LVDT), being clamped directly to the foot of the Stock
Rail at the Toe of the Switch. This provides an absolute position measurement of e#di Sw
Rail relative to its adjacent Stock Rail in both the open and closed positions. To ensure absolute
system safetythe rail positions are crosglidated by the detection circuitg.e. the closed rail
detector also confirms the position of the operilrand vice versa This is a fundamental safety
feature and in key installations that have Condition Monitoring-lges, may be constantly
monitored for any signs of system degradation.

The principle of operation of an LVDT is similar to a Transformamendn electrically energised
primary winding generates electrical output from the secondary coil(s). The axial movement of
an iron core, located caxially within the cylindrical coil housing, provides a linear variation
between output signal and rail p®n.

[ #5¢a& FINB Ffa2 dzZaSR (G2 Y2yAG2N) &dzLJL)X SYSy G+ Ne
15mm (RT60) Obstruction Detection requirememnts defined in Company Standard
WwSIljdzZANBYSyida F2NI t 26SNBR t2Ayd hLISNIGAy3a 9l dz
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4 Cost/ Benefit Analysis

The following sectiorfollows an evaluation oéxisting switch failure modes and maintenance
activities that can be reduced and / or eliminated through the introduction of advanced switch
control systems for seddjustment.

4.1 Failure modes associated with switch adjustment

4.1.1Failure Data-UK Rail Network (Network Rail)

The Network Raiffailure data forthe year 15/16 wadiltered to only include failures where an
adjustment of the system wasubsequentlyrequired. Thesewere also classed as Servic
Affecting Failuress they haddisrupted the train service in some walhe table below shows
the numberof failures categorisetly cause

Failure Types Number of Events
Actuation 70
Detection 116
External Factors 40
Locking 73
No Fault Found 8

Grand Total 307

Table4.1: Overall Failures

Examples of types of failurescordedper categoriseccause

1 Backdrive Mechanism including eot-adjustment, loose and wor
components
Actuation | T Point Motor includig adjustment of clutch, springs and incorrectly set
components
i Points failing to move including incorrectly set up components
9 Incorrect detection assembly
Detection | § Points failing to detect
1 Supplementary detection failure
. 1 Clamplock Mechanisnequiring adjusting
Locking . . . .
1 Locking mechanism requiring adjustment
1 Ballast within the points which then requires the switch to be adjusted
External . . . : .
Factors 1 Poor Track Quality which requires the switch to be adjusted
i Thermal expansion which requires switch to bguated
No Fault | Each failure required the switch to be-agljusted to sign the S&C back in
found operation.

Table:4.2: Types of failures recorded per categorised cause

GA 63900 Pagel4 of 50
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4.1.2 Delay costs associated with switcldpstment failures- NR

For the NR Failure Data the following costs are the rates of performance failure costs, not the

cost of the resource to repair the failure. Performance failure costs are calculated by the
Schedule 8 payment method.This processsets out the basis for compensation to train
2LISNF 02NE F2NJ GKS AYLIOG 2F dzyLX I yySR I Sy S
process is calibrated to be financially neutral to Network Rail, provided they hit their regulatory
performance targets. Behenarks and payment rates are specific to each service group and

bonus payments are made at the same rate as compensation payments

Failure Type Number of Events Cost

Actuation 70 £613,820.12
Detection 116| £1,233,129.0€
External Factors 40 £470,129.91
Locking 73| £1,151,822.2C
No Fault Found 8 £10,229.62
Grand Total 307 | £3,479,130.91

Table4.3: Cost Associated to Failurééear 15/16

4.1.3 Failure Data-Swedish Rail Network

The analysisncluded switches constiucted with 60 kg rail (UIC60), which areypically
installedin mainline track with trafficlevelsvarying from 332 MGTPA From a population of
12,000 switches, those analysed makeup approxima&eg0 of the most important S&©@n the
Trafikveket network. There areapproximatelyl500 other S&C in maime track with 50 kgm
rail, which have draffic level of1-12 MG PAand haveexcluded from the analysigailure data
is takenover a 3 year periofrfom 2013to 2016. Trafikverket has divided the S&Misix sub
systens. Four of theselominatethe failure statistics:

A Point machine

A Heating system
A Detection system
A Switch panel

The normal failure rate for S&C 8weden is 1.Q 1.1 failure/switciyear. In winter the number
of failure increasesesulting in over 40% of failures on S&h 8-12 MGT/yearbeingwinter
related. Winter related failures are connected to the heating system and sometimes to the
switch panel, se&igure4.1. Over the year there is alsm increase of failures during summer.

GA 63900 Pagel5 of 50
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Failure frequency S&C
8-12 MGT/year

0.4
_ 035
§ 0.3
= 0.25
[+8]
= 02
(5]
Y 0.15
=
E 0.1
0.05
0 - | .
Point Heating Detection Switch  Crossing Snow Others
machine  system system panel Protection

m Normal m Winter

Figure4.1: Failure for UIC60 S&C with traffic o2 MGT/year and total traffic load of 50350 MGT. The failures
are divided into normal condition and winter reited

For the point machine there is a possible correlation to the traffic load per year and total traffic
load. For switch panel and crossing there might be a correlation to total traffic load, but for the
other subsystem there is no obvious correlatioeed-igure4.2 and Figure4.3. For heating
system it is a high value in the interval 3880 MGT which correspondso many of the S&C
located with lines that are dominately freight traffic (iron ore ling. There is significantly
different weather on the iron ore line in the north of Sweden compared to the UK. Therefore
figures are higher due to the extremes of weather.

Failure frequency S&C

0.5
0.45

©
s

0.35

O.ZIS
0.15 i I
0.05

Point Heating Detection Switch  Crossing Snow Others
machine system  system panel Protection

o
w

=
=]

Failures [per year]

o
=

ml4 m48 m8-12 12-16 W 16-24 MW24-32 MGT/year

Figure4.2: Failure for UIC60 S&C with traffic of32 MGT/year
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0.8
0.7
0.6
0.5
0.4
0.3

Failures [per year]

Failure frequency S&C

Heating Detection Switch
panel

system  system

Crossing

0.1
0 0l ak L _ 1

Point
machine

Snow Others

Protection

m0-50 m50-150 150-250 250-350 m350-450 m 450-600 MGT

Figure4.3: Failure for UIC60 S&C with total traffic load of6aD0 MGT/year

In the failure reportthe S&Csystem is given proposed actions anddhoosing those actions
that contain reference taadjustment or chedkit is possible to find the failure modes that can
be decreased by se#fdjusting systems. Failures that hataken a long time to adjustwere
omitted as these where outlinersAbout 02 failures/S&C per year whered&s07 failures/S&C
per year were service affectindgeachservice affectindailure givesan average o80 minutes

delay time.
Part of S&C Frequen(_:y train Frequency Delay time per train
stopping stopping failure

Point machine 0.04 0.12 31.03

Detection system 0.02 0.05 31.29

Switch panel 0.00 0.01 11.00

Others 0.01 0.02 36.22

Totals 0.07 0.21 30.81

Table4.4: Failure frequency for UIC60 S&C that can be decreased byasilistment

GA 63900
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Failure frequency UIC60 S&C
8-12 MGT/year
Can be decreased by self-adjusting systems

ailures [per yea

F
[=]
=)
2]

o .
000 — ]
Point machine Detection system Switch panel Others

Subsystem

Figure4.4: Failure frequency for UIC60 S&C that can be decreased byasi@listment

The cost foperformingY Ay G Sy yOS Aa SadAYFGSR G 2ypicalnn €kK
time includingtravel ard preparation for theseypes of failures is 3 hours. That would give
about400n nn e€ek@SIENJAY YFAYyUuSylryoOoS O02aid FT2NJ opnn
failures is estimated by the delay timthat affect the passenger. There is no general detsst ¢

that is in regularly use at Trafikverkets the delay cost should be calculated for each track

section separately. Fadhe Western and QuthernY I Ay € Ay S wmMon ek YAy dziS F
and hasbeen used in thecalculation. The mean delay time per S&Q@.1 minute which gives
approximatelyl millionEuroin delay cost per year.

4.1.3.1 Analysis of inspection remarks for Trafikverket

Preventive maintenance is registered in a database separate from the system for corrective
maintenance system. Some of the actiggesformedafter inspection remarks are considered as
failures (corrective maintenanceput Trafikverket very seldom shothese figures together

with failure statistics as they are taken from different databases.

In the dataextractedfrom a limited numbe of track sectios, 20 % of the inspection remarks
was coded as corrective maintenanesshown inFigure4.5.
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Inspection remarks, UIC60, 8-24 MGT/year

35
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Remarks/S&C/year
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N
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& & & ¢ & °
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Q° o° & 9
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& "3
-{\4 2
o \
Subsystem

M Corrective M Preventive
Figure4.5: Inspection remarks for selected UIC68.S
Adjustment is a common action for point machine and switch point detsgmingin total 3.6
actions per S&C psear, sed-igure4.6. The cost for these adjustment can be estimated to 1.3

a € K & S| Nag lthat Zedel action takes approximateB® minutesto complete including
planning and travel.

Inspection remarks, UIC60, 8-24 MGT/year
Action: Adjustment

1

08

06

04

) .
0

Point machine Switch point detector

Remarks/S&C/year

Subsystem

M Corrective M Preventive

Figure4.6: Inspection remarks for selecttUIC60 S&@ith the action adjustment
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4.1.4 Potential Benefits

Looking across the failure information4nl.1- 4.1.2 it is clear thafaults related to detection
and actuation representsa large proportion of issues with S&Based on this, a significant
proportion of failures could be avoided and inspection could be reduced, if (through use of

improved control design) se#djustment can be implemented that would renmewsome of
these faults.
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4.2 Maintenance requirements for switch adjustment

To enable a true reflection dhe amount of switch adjustment required it is useful to look at
the whole track structure as a systeffihere could be a relationship between the amowf
movement in the subsystem aride amount the S&C units requiring be adjusted.

Flailas
i it
":IEII‘
Prermanerd” Tranh Riails
Wy { [Ginucture] | Sieepers L—_

Figure4.7: Track Structure

The Subsystem is all off the system under the ballast layer as shown above.

4.2.1 Subsystenof Track Structure

The previous sectiomighlighted external factors contributing to switch failures which are
related to poor/degraded support and worn/degraded mechanical components. Switch panels
are subject to high dynamic loadings because of the variableetwhil contact conditions
leading to norinear load amplifications (see Fig Y16n both high and lowails (not shown
here). This leads to @rogressive geometrical deterioration in thavisch panel designed
installation {ts vertical andor lateral algnment) which has an impact on theatisfactory
operation of the Point Operating Equipment (POE) and lock mechanism as well as generating
gradual wear and tear in their moveable components.

Wear and fatigue damage of the running surface of the vaitiaion in support stiffness due to
variation in bearer length, rail numbers and component strengtiis also lead to a variation
over time of the contact conditions and associated dynamics laaglsyell as introducing risks
of plastic flowmigratingfrom the stock rail into the mating face with the switch rail. This can
affect the closing gap and proper deteti of the switch position. Fig 1dhows the Hertzian
contact band on the high rail (viewed from the top) for the leading and trailing whéaks
colours correspond to the type of damagehowing areas of high wear in the gauge corner of
the switch blade as well as rolling contact fatigue on the stock rail.

Maintenance actions are designed to accommodate for the above deviations from ideal and
restore the system conditions to acceptable levels to ensure reliable operation.
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Figure4.8: Lateral (top) and vertical (bottom) load on high rail in UK CEN56 CV type switch at maximum turnout
speed of 40km/h fora range of wheel shapes for leading (solid line) and trailing (dashed line)
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Damage Function - Grade 260
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UK CENS56 CV turnout showing areas of RCF damage (red) and of wear (green)

4.2.1.1 Consideration of degraded substructure

0FyR NBLNBaSyGldaz

The track substructure for $% as for @in line, is intended to provide a stable and uniform
support to the track superstructure (bearers and rails) and should be able to drain freely.
Generally the substructure is provided by a ballast layer typically 300 mm deep consisting of (in
a modern rdway) a crushed angular igneous rock, such as granite, relatively uniformly graded
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with grains in the size range 20 mm to 65 mm. The ballast layer may be underlain by a sand
blanket, typically 100 mm thick and a prepared or natural formation. Geogridsoand/
geotextiles may also be used to provide strength, separation and filtration. The combined depth
of ballast and any sand blanket present should be specified so as to reduce the stresses
transferred to the underlying soils to acceptable levels for mdliaf load cycles. Owing to
variations in regional geology, the historical stock of existing earthworks/cuttings and changing
construction practices, the quality of the ballast, presence of a sand blanket and quality of the
subgrade/natural ground may be dhly variable with some sections of track needing more
frequent maintenance. At S & C, even where the substructure has been prepared to the highest
initial quality, a number of factors may lead to a requirement for more frequent maintenance
than plain lineand contribute to failures of S & C. In particular:

1. The presence of switch rails and the use of elongated bearers to tie crossing routes together
mean that restoring track line and level is more difficult to achieve using normal tamping
maintenance practies, (e.g. are both lines tamped together? If not, is one raised relative to
the other? Are tines inserted around crossing rails?). This means that geometry at S & C may
be maintained to a lesser quality and/or cost moremaintain than nearby plain line;

2. Dynamic increments of vertical and horizontal lo@€igure 48) on the track from trains
either continuing and passing a crossing or using a crossing are more onerous than on plain
line. The loads may lead to localised increased rates of track substudagradation and
track superstructure component damage;

3. Train load 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 seesaving 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.

Although the factors that galead to points failures are most obviously categorised under the
heading external factord={gure 4.9, these factors also lead to enhanced vibrations and loss of
geometry at S & C and could play a role in other types of fajlerg, detection.

Highe vertical impact loads will cause higher accelerations which will result in higher shock
loading. This higher shock loading will be damaging to components such as LVDTs which are
susceptible to impact and vibration damage over time. Therefore it is arith@at we use this
modelling in further research.
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4.2.2 Example of Maintenance Activity

¢CKSNE NB Ylyeé (I a1l as Sgnalfing Meintedaiiceé Spgefidasomidbld) wl A f
requires the S&C components to be reset and adjusted. One of the most impaxttwities is
the Facing Pointock(FPL)nspection.

The inspection is as follows and requires a 3.5mm and 5mm point dgeg&uge and a 1.5mm
gauge. Belowis an extract from the Network Rail standard NR/L3/SIG/10663 Signal
Maintenance Specifications, NRAS/Part/B, NR/SMS/Test/00I'lhe same basic inspection is
carried out for all types of S&C. With some additional checks for HPSS which are found in
Appendix A.

In other parts of Europe this tolerance can be 4iamitaly) or 3.5 to 5mm(in Switzerlanjl

Process fora Network RailFPL Inspection

1. For each closed switch position:
a. Place the 3.5mm end of the FPL gauge between the switch and stock rail at a point in line
with the bolt securing the stdcrail to the first slide chair,
b. Manually operate the points ahCheck that the lock will not ér the notch in the lock
slide,
c. Repeatitem 1(i) using the 1.5mm gauge,
d. Manually operate the points and Check that the lock witkeethe notch in the lock slide;

- o
4—\_/:_/ — i
I ¥ ? \\Adjuslaﬂa
LoCk Plunger

Note: With point switch fully closed (x), there showdahl.5mm clearance on each lock face (y & z).

2. Adjust and retest as necessary to achieve tequirements of (ii) and (iv);
3. Record the results and details of any adjusiiteemade on the FPL Test Record;
4. Restore the points.

The final check before completiarf the work is to ask the signaller to operate the points to
normal and reverse positions (twice if possible). Observe correct operation.
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4.2.2.1 Cost Associated with the FPL Inspection

On average an FPL Inspection is carried out at either a 6 week or 13 wemdalirfthis interval
is decided by the local maintenance Engineer with faskors beingaken into accountWithin
Network Rail Managenhfrastructure there are abaul9,000 S&C units which requies FPL.

Thednorm timeg is the average time it takes tarry outa singlemaintenance taskwhich for
the FPL test is statetd takeon average 0.5rs with two members of stafiThe average cost per
visit based on the norm times is £42

The curreat staff cost is £4er hour butthis does not take into acco the cost of planning
the visit,nor the cost of timespenttravelling to site.

Thetable belowshows theaverage cost based on the required frequencies

Number of -~ Total Nurrber .
Points Number of Visits of Visits Average Cost Per Viqif) | Total Cos(£)
19,000 9 171,000 42 7,182,000
Numper el Number of Visits Ufei! Nurrb er Average Cost Per Visit Total Cost
Points of Visits
19,000 4 76,000 42 3,192,000

Table4.5: Cdculation of total cost for 6 week and 13 week inspection scenarios

Averaging out the inspection interval and average cost per year for the 19000 S&Csunits i
£5,187000.0Q Taking the failure coswith the cost of carrying out aRPI the potentiaverage
saving is £8,66630.91(this assuming 100% savings

4.2 .30verall Potential Benefits

Currently without the full modelling and understandirng the possible design solutions the
implementation costs associatedwith the new technology cannot be fully establishand
hence an accurat€ost BenefitAnalysiscannot be done. Thabovechaptersindicate that there
are the potential savings that could be made if S&C becameasklisting. This could be
achievedby reducing the amount of service affecting failures @merefore delay cost and by
redudng the amount of cyclical maintenance activities that would no longer be requirbd
information forms the bases for the next deliverable and will be part of the case stathyded
in this stage Section 4.3 goes intiome more detail.
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4.3 Requirements for future Cost Benefit Analysis

4.3.1Scenario Testing

In order to assess the potential benefits of implementing-adjistment within the S&C system,

a number of scenarios will be tested using the HPSS case study (refetido 5¢%).

¢CKS @FNAFofSa GKFG gAff 0S &a0dzRASR GAUKAY
section4.2and can be summarised as:

A Switchobstructionsc how will a closedoop control system cope with trapped ballast?

A Switch / Stock Rail Weat can the closedoop control system help to reduce detection
and lock faults by automatically adjusting within a defined set of switch to stock ralil
tolerances?

A Track Gugec can the closedoop control system accommodate changes in track gauge
to avoid lock and detection failures?

A Degraded Track Suprade ¢ How will the closedoop control system cope with
degraded track condition (i.e. significant voiding at the swiiph)?

A Facing Point Lock Test is it possible for the closeldop control system toenable
relaxation of the FPL test frequenity26 / 52 weekly?

The above variables will be used to assess performance of the advanced,-loclosezbntrol
system againghe existing, operoop system.

4.3.2Cost of Implementation

To complete the full cost / benefit analysis, the cost of implementation will need to be
established.This is a key activity to help inform the future investment decision to either
enhance existing swgh designs or integrate the additional hardware and software into next
generation systems. However, it is first necessary to understand the performance of different
types of advanced S&C control to then start designing the hardware and software reqoired t
deliver the most viable solution. This deliverable addressed the very early stages of concept
development (i.eup to TRR) and therefore completion of the full cost / benefit analysis will
form a key part of the future deliverable D2.8
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5 Control Process Analysis

This section describes thegearch intanew principles for S&C control and monitoring to allow
for seltadjustment of S&C tolerances within a system of adaptive cantrol
5.1 Current switch machine operating principles

Switch machine design has chadddtle in recent decades. Some designs in service today are
over 50 years old. The control system consists of padk attached to the switch rails opening
and closing electrical contacts.

Switch machine

Drlve rod

Detection rods

Figureb.1: Current Point Operating Equipment

The drive, lock and detection mechanisms are housed within the switathine on the left of
Figure5.1. When commanded to move, the motor starts. Through a cam mechatfie lock

is withdrawn; the drive rod moves the switch blades and the lock is inserted in the new position.
Motor power is cut off when the switch blades AND the lock are detected in the correct position.
If the correct position is not achieved, the wwer supply is cubff after 7 seconds to prevent
possible motor damage. The system is set up through careful adjustment of the drive and
detection rods so that the switch blades are moved to the correct position and the closed switch
blade can only be detted as closed when the gap between switch and stock naithén 3mm.

In the UK, the check (and if necessary adjustment) of the system is required every 12 weeks and
represents a significant maintenance burden.
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More recently, the UK developed HPSS liaken this open loop control a little further. The
motor drives a ball screw to move the switch blades to the new position. The motor is driven
until it stalls(i.e. is mechanically baulked as the switch rails cJjos€he switch rail position is
detected by LVDTSs at the switch toe and backdrive. If the switch rails are seen to be within a
pre-set range when the motor stalls, the switch is considered to be in the correct position. That
pre-set range is set for each switch installation during an ingpe and adjustment check every

12 weeks. The process is giveippendix AFrom this it can be seen that the control of track
AoAG0KSa Aa jdzZAdS LINAYAGAGS Ay AdGa NBfAlFyOS
measurements. This is mary to the developments and adoption of advanced control
engineering systems in other transport sectors such as aerospace and automotive. Indeed in
these sectors designs are not thought of as mechanical or electronic, but mechatronic, where
advanced factions and condition monitoring can only be generatedimgludingthe control
system design as part of the package from the outset, not as an enabling technology for a fixed
mechanical design as has been implemented to date on track switches. Thimkiggyway can

lead to much more robust and functional designs.

The HPSS switch (although specific to the UK) represents a track switch system that is closest to
a design that incorporated these concepts, as such it will be used (in modelling form and with
collected data) to demonstrate how control engineering can be used to improve the
functionality of established design. But any results should be seen in the context as outlined

Ny

above and the true benefits of control will only be realised with a besppkeS a A 3y SR T2 NJ C

track switch. The following sections cover the basic principles of control engineering and how
this will be applied to the HPSS switch in the modelling environment.

5.2Basic Principles of Control Systems

5.2.1 Motivation

If we are to introdice selfinspecting/ selfadjusting capability to existing S&C, we must accept
that there is a need to take measurements (continuous in nature rather than the absolute
sensing usually employed on track switching), and then to take action should those
measirements differ from the ideal situation. The system needed to be put in place would

A Interface with the sensors that take those measuremeftitsk to In2Rail WP2 Tasks 2.1
and 2.2)

A Compare those measurements to an ideal situat{oarrently those idenfied within
existing standards, although advance, clogaap control of track switches may enable
existing standards, tolerances and limits to be challenged)
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A Report any difference between the measured and ideal
A Make adjustments to drive the measuredusition towards the ideal
Once such a system is in plaadditional benefits can be introduced

A Redundancy: Introduction of multiple sensors, actuators, drive mechanisms, etc. to allow
continued operation irthe case of single mode failure;

A Condition Monioring: Examining the measured parameters for unusual trends, or
differences between similar equipment, in order to detect problems before they
progress to failure.

The HPSS switch different in this context (as stated above) that it is equipped with TVD
measurement devices so that a relative measurement of the switch rail measurement to the
stock rail can be taken. Currently though this measurement is used in system alignment and
used in a very limited way during operation. Adding additional LVDT ngengduld allow
significantly improved operation that caselfadjust for operating temperatures andelt
alignment The processing for this would require a computational device beyond the robust but
simplistic data logger devices now employed. The presedor performing this kind of
computation was set by the solid state interlocking signalling systems now widely employed
where multiple channel computation is used to virtually eliminate the risk of failure from the
controller.

5.2.2 Basic Control Systems Dgsi

5.2.2.1 Open Loop
¢CKS aAYLIX Sald FT2N¥Y 2F O2yiUNRt Aa RSTAYSR I &
track switches are controlled. It has a command or required situation, a controller that converts

that requirement to an input to the system. Thgsgem then responds and there is an output,
which, if the controller is functioning well should correspond to the command.

Command Input Qutput

System

——» Controller

|

Figureb.2: Simple Control Open Loop

An example from the automotive sector wolld O NE &LISSR 02 NJ WONHzA 4 S QU

is the speed required (i.e. 100 kph). The controller takes this command and converts it to an
input to the systemi( this case a throttle angle). This may be achieved using a lookup table of
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throttle angke for a given speed as defined by experiment during development. With the
throttle set to an angle known to correspond to 100 kph, then the car accelerates to 100 kph.

One problem with open loop control is that it is susceptibledisturbanceand uncertanty.
Disturbance is an unknown or unmeasured from factor outside the system that can affect the
output. Uncertainty is a factor within the system that can affect its operation.

Disturbance Uncertainty

Command Input l’ / Output

System

— | Controller —

Y

Figure5.3: Open Loop shwing disturbance and uncertainty

In the car example, when the car begins to descend a hill, a disturbance is introduced. The car
may accelerate, despite the control system maintaining a constant throttle angle. The open
loop control system is unable tteake the effect of the disturbance into account when
controlling the system.

Uncertainty is aminknown or unmeasured variatian parameters (and or the structure of the
dynamics) descrihg the system to be controlled. Returning to the car examplejragef the
transmission may increase friction, introducing uncertainty to the throttle angle required to
maintain a given speealso what gear you are .imAgain, the open loop control system is unable
to take the effect of the uncertainty into account wimeontrolling the system.

To date, the vast majority of point operating equipment installed has open loop control. The
system is commanded tmove;the position is detected, and passed to the signalling system.
Any disturbance or uncertainty in the systecan and may affect the output, i.e. the switch
position. The control of critical positions in the system requires manual inspection and
adjustment to maintain the required tolerances. The switch control system cannot directly
quantify the gaps betweeswitch blade and stock rail and must rely instead on driving until a
limit switch is closed or the drive systeralés. This is similar to Opdroop control, although

one could consider the manual intervention to be a slow feedback loop.

5.2.2.2 Closed Loop

In cbsed loop control, we aim to reduce the effect of disturbance and uncertainty by taking the
output from the system, by taking the output &ésedback comparing it to the command to give
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an error. This error is the fed back into the controller and the ctmoller aims to adjust the
input to reduce the error to zero.

Disturbance Uncertainty

Command Error input i / Output

+ System
— Controller

-
-

)

Feedback

Figureb5.4: Closed Loop

In the case of the car, if the car slows down as it begins to climb a hill, the output speed, say 45
mph, and the commad speed (50mph) will differ. The difference between the output and the
command are used to create an error. The controller can increase the input (throttle angle) to
increase speed and reduce the error towards zero.

The design aims for the controllare to ensure that the output follows dracksthe command

as closely as possible, even in the event of disturbances or uncertainty. The controller reacts in
a timely manner toregulation i.e. a change in the command. Closed Loop control has the
following benefits over Open Loop control:

A improved command tracking performarice
A disturbance rejection (such as unmeasured external lgads)
A reduced sensitivity to system changes (parameter variations)
A unstable processes can be stabilized
However, careful degn is needed to ensure that the system is stable.

Whilst all existing trackwitches are effectively opeloop, the Network Rail HPSIBes have the

capability to measurehe position of the switch blades throughout their travel, however, that

position is ®ed only to confirm the switch blades are in the correct position once the motor

stalls. There is the potential to close the loop in the control system by feeding back the switch

rail position to allow the controller to adjust for disturbances and undersaii & @ ¢CKS WRAAI
in this case is represented by: climatic conditions that will cause expansion and contraction of

the components; wear of the components that will mean a variation in the switch movement

size is required; and possible contaminatldocking or slowing the movements of the system.
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5.2.3 Outline Control System Design Process

In order to designa closedoop control system, the first step is to understand the system
(including the requirementsind dewlop a Design Model. This is usuallpahematical model

of the system, including disturbances and uncertainty. Ideally, this model should be v@lidate
against engineering and/or tedata.

_______________
......
-----
.
.
&t

Disturbance Uncen‘afntyn"o..

I Control System H i /
Command : I iInput Output

(I e
+ K = g
4'—I-I ®—> Controller f——=— | System |2 -
(N °
L e e 4 )

.
»
ar®
wn

Figure5.5: Control System Design Process

Analysis ofthe design model in the time and frequency domains provides data for the initial
design of the controller. Assessment of the design is accomplished with reference to a number
of key performance parametefsr performance requirementss described below

A Steady State Errog difference between command and output in a steadwtef i.e.
unchanging, situation;

A Rise timeg time taken to for the response to move from 10% to 90% of the command
following a step change in comman

A Settling timeg time taken to ecome within 2% of the new steady stavalue following
a step change;

A Overshootc expressed as a percentage of the final vauer thesteady state value;
A Stability.

A final design will depend on the system requirements. From example, overshoatohbg
acceptable, therefore the projechay have to accept a slow rise time.
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Understand the System and Design Model
Requirements (usually linear)

LN 1

Simulation Model

usually complex & non-linear Design the

Controller

\.
Once OK: Implement and Test
— | —may include HiL testing of key sub-
systems

Test on Real
System

[l

Figure5.6: Example of Final Design

Once a suitable controller design is achieved, testing is undertaken using a (usuallyxcantple
non-linear) Simulation Model. Dependant on the application some Hardware in the (Ebbp
testing of key suksystems may be necessary before implementation on the real system.

5.2.3.1 Task 2.4 System Design Concept / Approach

For the work in this project dynamic simulation model will be developed in order to test the
efficacy of the proposed control schemdse simulation model will be built in a suitable multi
body physics package (such as Simpack) that can be used to include all of the complex non
linear mechanics (track bending, rotational kinematics, discontinuities). This model will be
validated against data that is collected from an operational HPSS switch (though it should be
noted that at the low sample rates available it will not be possiblealidate any of the high
frequency dynamics present). A simplified control design model (or set of models at differing
operating points if the HPSS exhibits strongly nonlinear behaviour) will be created (either from
first principles physical modelling asing system identification from the MBS model data).The
two stages of modelling will then determine the appropriate controller design method to apply
(classical, modern, robust, adaptive, etc.) and the high level logic. This will be compared to the
current functionality of the HPSS with open loop control.

5.2.4 Hardware Redundancy

CurrentS&C installations have no built in redundancy. Should any part of the mechanism fail,
the system fails. Antraffic must be stopped and a maintenance team attend the siteoteef
service can be restoreddowever redundancy of sensing and actuation is used in many similar
safetycritical applications in other industries and may be of benefit to S&€re are a number

of options to consider when determining which form of rediamcy to apply
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5.2.4.1 Sensor Redundancy

System Voter -

Qutput to
control system

3 co-located
Sensors

Figureb.7: Hardware Redundancy

For measurement systemsStatic Redundancy requires threer more semssors, see the
schematic in Fi$.6. To measure something a device needed to convert the measurement
into an electronic signal that represents the measurement this is usually called a s&mard

the state of any one disagree with the other two, the voter disregards the sensor(s) in the
minority. Three sensors allow enfault to be tolerated. In general, a voting system with n
sensors can tolerate m faults, where m € 8.

Fault detection/ Recon-
’7 Plausibility check figuration
System l Yol »
e Output to
control system

2 co-located
Sensors

Figure5.8: Dynamic Redundancy

For dynamic redundancy, it is possible to reduce the number of@snto two, however, we

need the capability to run some form of s#édfst or diagnostic,see Figure5.8. Dynamic
redundancy using 2 sensors allows 1 fault to be tolerated. In general a dynamic system with n
sensas can tolerate m faults, where m =h

A further step would be to introduce analytical redundancy, in which one sensor is used. In
order to understand whether the sensor is functioning correctly, analysis of other available data
is done in real timed check the plausibility of the output from that one sensor. The work of
Grewal et af at Loughborough University has been published in this field.

5.2.4.2 Actuation Redundancy

Actuator redundancy functions in a similar manner. Using several actuators innasgivation
will allow for continued operation despite the failure of any one. There are however some
difficulties with redundant actuation. All of the actuators must be powerful enough to drive the
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system individually and back drive the failed actuaghr(For redundancy to work, a failed or
jammed actuator must not be able to lock the system in position. Some of these points may
require careful consideration if the system should be required to lock a switch in a given
position or fail safe. Work oni¢th Redundancy Actuation that may be applicable to this
application has been undertakext Loughborough University by Steffen etal.

The models used for the controller design will be used as a test bed to explore these ideas.
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5.3Research S&C Control Principles and Monitoring Required

5.3.1 Relation between S&C and Interlocking systems

The scope of this section is to briefly describe existing interlocking systems and, more in details,
their links with S&C to provide a state of the art analysis to be used forfuhier
developments foreseen for this task. It must be noted that part of the information reported
0St2g O2dzZ R 6S ltaz2z F2dzyR AyaARS (KS RSt AGSNI
RSaA3ay KASNI NOK& NBLRZNIE¢ P

5.3.1.1 Interlocking high level description

In the railway signalling sector, the computeaised interlocking is an arrangement of signal
apparatus that prevents conflicting movements through a combination of tracks such as
junctions or crossings. An interlocking is designed so that it is impossiblisplay a signal to
proceed unless the route to be used is proven safe. The typical architecture of the Interlocking is
characterized by:

1. A central post, which implements the safe management of the railway traffic;
2. A peripheral post, which manages tirgerface with the field devices. The peripheral post
(CdE) equipped with a module that does not perform interlocking functions but:
a. Dispatches the commands received from the central post to the field devices distributed
in stations and along the lines;
b. Cdlects the state of these devices and sends the extracted information to the central
post.

Computerbased Interlocking isurrently in use all around the world, including the most
demanding High Speed networks on Main Lines and also in metros. Existimgckihg systems

are mainly focused on safety/vital related information and, in some cases, could also manage
non safety/non vital information which are in any case related to the diagnosis of the
interlocking components.

The diagram below aims to vislyadescribe how the interlocking system works and needs to
interface withits respective automatic control systeiin
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Interlocking
Command Control Unit /
Wayside Standard Platform

1° LAYER: ASSET Controller

2° Layer: Adaptation /
protection and incoming

3° Layer: Branch Box/
Position Control Filters

Field device to be handled

Figure5.9: Simple Diagram Showing how interlocking system works

5.3.1.2 Link between interbcking and Switches

With aninterlocking system it is possible to control the field deviceg.jrailroad switch or
Light Signal) through the CdE module that monitors the devices status and their availability. In
particular, in relationship with the swihes, he CdE module allows

A

A
A

Provision ofthe required power supply to the electric motor whenhiasto make the
switch operation;

Generation ofand sendhgto the field device a FSK signal (square wave with 166Hz and
250Hz frequencies) used to detectetlstatus of the switch between an operation and
another one;

Provision ofyalvanic isolation of the supply voltage from the outputs;
Limitations ofthe output current in the case of faults;

Provision ofdiagnostic information by visualising signals (LEDhe module and using
the diagnostic tool,

Measurement ofthe voltage and current absorption;

Checking ofthe position control of the switch.

Meanwhile the CdE module gvidesthe following information

A

the device ;
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A the status of theswitch operationi.e. whether itis in progress and the routing position
(normal or reverse)

A if the switch is in control or not;

A Vital Errors: in cas of vital errors the switch becomasavailable because the fault
involvean inside component of the CdE;

A Nonwvital errors: In case of nogvital errors the fault is linked to external components
not directly linked with the CdE.

In particular, the errors can be:
A operator errors;
reversel cables;
control loss;

A
A
A serial bus communication error;
A interior Warning;

A

warning on commuitations.

5.3.1.3 Possible developments ofinterlocking linking with future self-inspecting/self
adjusting S&C

On the subject opossible future selinspecting/adjusting switches is considered beneficial
from an Interlocking perspective, if these new switdesignsare able to automatically detect

and adjust at least some of the vital errors introduced above in a certified way. This solution will
provide to the next generation of interlocking the possibility to automaticalhacquire the
control of switchesafter becomingunavailable due to the occurrence of viairors without
having to wait foran intervention in the field bythe maintenance teams. It must be noted that,
taking into account althe possible different type of switches actually installéds difficult to
ARSYGATe | st Of | widkdrrdddR bui She €list below contains the most
common/relevant parameters to be checked/adjusted to avoid vital errors:

A Switch points must be within 4 mm of tolerance;
A Lubrication status of the compomgs;
A Bectrical isolation of the switches

A Geometrical parameters (gauge, linear expansitr).
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5.4 Determine Safety and Performance Requirements

Work conducted at Loughborough University by Bemnteat al. has drawn on industry
Sandards and requirements tderive a list of top level requirements for track switch systems.
This splits the requements into 4 broad categories:

1. Support vehicles and guide vehicles

2. Direct vehicles along the route set by the interlocking

3. Confirm the route to the interlocking

4. Comnunicate back to a maintenance organisation the future ability to perform requirements
1,2 and 3.

Existing designs adequately provide for requirement categories 1, 2 and 3. More detailed
requirements for these categories should be available from Infratitne owners and managers.

Category 4 has some overlap with the requirement for-sepecting/correcting/adjusting S&C.

Current S&C require significant inspection and adjustment intervention. In order to automate
this process selihspecting/correctingadjusting S&C would, in the first instance, require
instrumentation, and then the necessary actuation to make adjustments where necessary. For
In2Rail purposes, additional sensing is considered outside the scdpslof.4.

The partners will work withan existing switch ekign to introduce an elementor self
inspection/correction/adjustment. The majority of installed S&C operate using limit switches,
and do not have the ability to log or report any data pertaining to the operation of the system.
The High Performance Switch System (HPSS) can log data. It should be possible to remotely
obtain position information from the LVDT andtpntially motor voltages and currens. The
HPSSand other modern switch machinesyrrently has a setup/adjustment mode set the
reference/datum range for the normal and reverse switch positions. This process is currently
done onsite by visually ensuring the switch is in the normal or reverse position and setting the
reference positions to matcHt may be necessary teetain some form of visual check of the
switch position and integrity before setting the reference position. One solution would be to
provide a camera system to allow that visual check to be performed remotely.
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5.5 Specification for advanced switch control for self-adjustment

The partnerspropose to construct a muHbody physics model of an HPSS installation in
SIMPACK. Ideally this would be a model of an installation for which operating data is available,
to allow validation of the modelThe currentlogic of the HPSS control system would be
modelled in MATLAB/Simulink and linked to the SIMPACK model to give a baseline co

simulation environment.

Current HPSS Modelling and con-
trol system design
|Co-simulation |
___________ environment
'HPSA ! | | Control system ' |
I I i 1 model : I
' | Control I'I> Control | |
i system | . i system
| : : T
| i ]
i : L Il __ ___
! : | 'Multi-body 1 |
| | i 1 physics model | |
| 1 | !
| | Actuation ‘Z> Actuation i :
I . % '
"""""" ¥ N
Permanent | ||Permanent i :
way and E> way and || E
Backdrive : i Backdrive |, !
. »
HPSS II:>' !
logger & P!
Data required for model construction
and validation
Control syste m properties @G

Actuation system geometry
and specification
and material properties

Real world HPSS operating
data for model validation

§8838

S&C and backdrive geometry

Refined HPSS

Permanent
way and
Backdrive

Iterative control system
development

Data for control system
refinement

Figure5.10: MATLAB/Simulink SIMPAC caimulation envirmment and data requirements
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This cesimulation environment will be available to test modern/robust control methodologies,
sensor concepts (in collaboration with partners working on task 2.2) and methods of calibration.

The possibilities for further explation given such a model configuration may include:

A Prediction of friction in the system from the available switch positamd motor
current/voltage data;

A Modelling the effect of temperature and thermal expansion on the switch and
whether/how this affecs thedetected switch blade position;

A Monitoring trends in the switch position at motor stall with the aim of predicting
iffwhen the swich positon detection will fail;

A Comparing changes over time between the toe and-puodition LVDT outputs, with the
aim of understanding whether geometry or back dripeblemsor excessive friction can
be predicted.

Concepts will be benchmarked against the existing HPSS configuration, to demonstrate the
improvement over a current state of the art system and quantify thailable benefit.
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5.6 Concept Evaluation
Work package 2.4 aims to deliver concepts for-sepecting andelf-correcting/adjusting S&C.

A case study of HP&Staking placewherduy the existing design is modelled and validated
against inservice datato enable control system practice from other industries to be applied
virtually, modelled, and evaluatedth simulation In the first instance this will allow an
understanding of what can be achieved with the existing hardware, sensors etc., to reduce the
maintenance/inspection burden by increasing automation in the inspection proddsgding

on this foundation, further steps will be to model improvements that can be made by
incremental (rather than revolutionary) changes to existing desigrchitecturdly, redundancy

(in the form of extra sensorscould be modelled to understand the influence on
reliability. Possibilities for additional sensing that may be required to introduceirsgbiection

can be explored through modelling in conjunction with therlwinTask 2.1 andask 2.2

The process going forward:

a) Modell the HPSS

b) Validate the model

c) Define a series of scenarios to support a ddsenefit analysis (see secti@nd);
d) Apply current HPSS (opéwop) ontrol;

e) Apply closedoop controt

f) Compare 4 and 5 during the test defined by 3.

Concerning itent) above consideration haslreadybeen given to thgotential test scenarios

to be usedduring the final cost benefit analysis. Afese will almst certainly include stock and
switch rail wear, track gaugevariation, switch railobstruction and degraded track suprade
scenarios. However, these cannot hdly defineduntil the HPSS switch esimulation model
hash&y FdzZ teé @ItARIFIGSR F3AFLAyad WwWiAGBSQ Itheda S
co-simulation modekan be used to simulate and predtbie overall system performance of the
WSYKIFYOSRQ Lt{{ OFasS &aiddzRe
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6 Analyse other Technology Sectors

6.1 Hardware in the Loop Testing

Hardware in the loop testing is a process whereby componentssgstems and systems can
be tested in a simulated environment without the need to have the complete system or product
available for test.

Figure6.1 uses a vehicle analogy. In order to test a completed engine control unit (ECU), we can
connect the complete ECU to a test system designed to simulate the inputs from sensors etc.
and to run a test cycle under a variety of conditionsisisafe to test the ECU under various
failure conditions as there is no risk to a complete vehicle. Taking this one step further, a
complete engine test brings in the engine hardware, controlled by the ECU. The engine test
facility provides a resistaecdesigned to simulate typical use. Again tests can be performed
that it may not be safe or financially viable to perform on the complete vehicle.

As hardware maturity improves, then a more complete vehicle is tested and the simulation
element is reducd, to the point where we reach full product test.

A track switch example may involve testing a point motor while applying a load to the output
lever. That load would be calculated to represent the load required to overcome friction and
operate the poins. If we need to understand the interaction of the point machine with the

interlocking and signalling systems, these could be simulated and connected to the point

machine under test.
| Increasing compl of system and product >

‘ Desktop‘ HSoftware' Engine || ENgine | | Engine :: Complete | | Vehicle :
I 1; Control and |, vehicle in || [B
Bench il Engine, I} Unit Trans- | working ! gé‘
| vehicle : mission :l environ- : 33
Test cell )| and envi- | All inputs ! ment |, €5
j| ronment [ !l to control il 18 g
Lab i| simula- |: unit Engine |: 12 E,_
Il tion [ fsimulated Ioc?;:l:Igg N 1 g 3
C oms | |
; / : PrOﬁIe Il Mission !
Road I I Il eyele 1
c L L] 1
; }
] Virtual | I Hardware in the loop : !_Full system :
Parts, sub-assemblies, P:;:Z;Lfigg'
other systems or the intended for
external environment the final
that are simulated product

Figure6.1: Vehicle Amlogy
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6.2Landing Gear extension/retraction control for large civil aircraft

Similarities between aircraft landing gear extension/retraction contrelith railway track
switching include:

A Biposition system

A Safety critical

A Heavy actuation

A High integrity outpits to interfacing systems
A Environmentl Factors

Control is provided by Boolean logic written on Field Programmable Gate Arrays (FPGA). There
are 2 identical control units, with independent power supplies for redundancy. Each unit is
capable of contrding the system. Control is switched between the control units once per cycle.
The monitoring part of the control unit is implemented in software. This cross checks inputs
and outputs and interfaces with other systems. It does not provide any coniraltibn,
however it can disable the outputs should it detect a problem with the sensors or control logic.
All sensors are duplicated and cross checked. Wiring continuity is monitored.

Hydraulic power is provided by one system, however that system haspiauybumps. At the
actuation level there is only 1 actuator and selector valve per function. However, there is an
emergency backup system to mechanically release the uplocks and allow the landing gear to
extend under gravity and lock down with the atsnee of springs.

Fora rail or track switching application, the redundancy and integrity at the sensing and control
level of this aerospace application would seem a good match for the reliability and redundancy
targets for track switching. The actuati@architecture may be insufficient for a rail application
where redundancy of actuation would be desirable.
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Figure6.2: Landing Gear Extension/Retraction
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