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Executive Summary

This report is an outcome of Work Package 4 (WP4) of the 'EErdmework project
SUSTRAIL. WP4 aims to facilitate the need for the railway infrastructure to accommodate
more traffic whilst at the same time reducing deterioration of track and wheels through
increasing the resistance of the track to the loads impasidyp vehicles.

One of the goals of this WP is to identify monitoring tools that will move the lower bound of
the track resistance probability curve upwards through removing the causes of track failures at
discrete locations with low damage resistance.

In this purpose, Task 4iBcludes identification and development of technologies thatlman
used to monitor track and structures to optimise preventative and intervention level
maintenance strategiasius contributing to optimisation of whesystemLCC.

Data and opinions have been provided for this survey and assessment by various partners
involved in WP4: infrastructure managelR, NRIC, and ADIF, academic partners

(TRAIN, UNEW, LTU, HUD, USFD, and KTHand suppliers@AMILL, TATA STEEL,
LUCCHINI and MERMEC).

Work Package 4 has also taken input from Work PackaBerichmarking) and Work
Package ZDuty requirements)The results of WP4 will feed inBBusiness case (WP&hd
technologydemonstratiorfWP6).

This study includes:

Description oflimits for axle loads,

Data collection from IMs,

Survey on trackbased monitoring systenfecus on ALCs

Technological description and discussion about existing load monitoring systems,

=4 =4 -4-4-2

Description of the JVTC/Damill monitoring statigmresentation, avible data and
interfaces

1 Analysis of data from this monitoring station: Statistics on force data, detectable
vehicle defects, discussion on limits, potential effect of removabblimits vehicles.

{1 Data analysis of heavy haul locomotive wheel satsing surface wear,

1 Proposition of track condition monitoring for preventive maintenance
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1. INTRODUCTION

The purpose of this work is @ssist in sustainable achievement of increased speed and
capacity for freight traffic, thus contributing towards making rail freight more competitive.
So, itaims to facilitate the need for the railwagrastructure to accommodate more traffic
whilst at the same time reducing deterioration of track and wheels through increasing the
resistance of the track to the loads imposed on it by vehicles.

One of the goals of this WP is to identify monitoring tabkst will move the lower bound of

the track resistance probability curve upwards through removing the causes of track failures at
discrete locations with low damage resistance.

Diagnostic methods are based on technologies that allow monitoring andiorspéthe

most important and critical aspects of the railway system. Monitoring is the process of
measuring and inspecting an element of the railway system, in order to assess its quality,
status, safety, etc.

SomeWayside monitoring can measure valueshefvertical force (Q) and sometimes the
horizontal force (Y) to determine if the vehicle meets some defined safety limits on imposed
loads.

Much work has been carried out in UIC anather projects on this topic. That wasatful
input to this taskand the work have been buwlt the knowledge and recommendations made
by someprevious EC Framework projediSustainable Bridges DRAI L, l nnoTr acKke

However no international conclusions and clear recommendations for safety criteria have
been producedyith wide variations between intervention levels and action requirements
applied by tle member states.

This work includes identification and development of technologies that can be used to
monitor track and structures to optimise preventative and intéondetel maintenance
strategies, thus contributing to optimisation of wheystem LCC.

There is large variatioria the way to deal with this topic: There are sevdiférent
technologies used to measure loads imposed by trains and vehiclesaitwine
infrastructureAlso, there are implemented in many different ways, and finally, the
intervention levels and action requirements applied vary from a member state to another.

In the first part of this report (chapt2y, an overview about thééntification of best practise
andsome existing recommendations for imposed load have been produced. Then, Ehapter
proposes awsvey on trackbased monitoring systemsith a focus on axle load checkpoints
(ALCs). It contains some functional description of different existing systantsdiscussions

on the dfferent measuremeprinciples, assessment prdoees and intervention concepts.

The chapte# gives a description of the Swedish monitoring station that providesriation

of trains runningbehaviour (e.g. forces, load#)nalysis of data from this monitoring station
has been performed, containistgtistics on force data, detectable vehicle defects, discussion
on limits,on problem of vehicle defects that initiate high forceghmntrack andon potential
effect of removal oubf-limits vehicles.

The chapteb propose a ata analysis of heavy haul locomotive wheel sets running surface
wed, and the last chaptgivessome propositionsack condition monitoring for preventive
maintenance
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2. TRACK SAFETY CRITERIA T COLLECTION OF DATA ,
DESCRIPTION OF EXIST ING UPPER AND LOWER BOUNDS
FOR IMPOSED LOAD

The railway track is subject todds imposedy vehicles passing on ithis causes some
deteriorations on the track and also on the wheels, which reduce their life cycléncosdsr
to accommodate more traffic, and in the same #mure the needed safeityposed loads
has to be determinedp@then measured and monitored

Much work has been carried out in UIC and elsewhere which will be a fruitful input to this
task. However, no international conclusions and clear recommendations for safety criteria
have been produced, with wide variatiddedween intervention levels and action requirements
applied by the member stat&sirthermore there is no answer about the required precision of
the measurement device.

This task has also built on the work undertaken in some quevprojects to definglinimum
actionrules.An overviewof the work provide in other projects related to this teessbeen
done (nnoTrack UIC Axle load Checkpoint (ALGHRMS, D-Rail).

No specific regulation on imposed load has already been defiseth specific regulation
are existing, different solutions were chosen for limits and alarm values, sometimes based on
other existing regulations.

In the framework ofhis task acallection ofdata on track safety criterias applied by a
range of member statd®s been perfoed to identifybest practicg, to propose some
recommendationandto assessomeupper and lower bounds.

As an example, the regulation of RIV was taken to assess unbalanced vehicles, although
wheel loads of running vehicles differ from those of standing ones.

With regard to lateral and longitudinal load imbalance, UIC RIV limit static values
respectivelyeqal t o 1. 25 and 3 are found to be appr
vibrations due to trairackinteraction.

For the following section, dataerecollected from the literature and from responses to a
specific questionnaire sent to rail infrastruetananagers across Europe.

2.1 From the literature

The literature on this subject included European standards and presentations and reports from
individual rail infrastructure managers. There are various relevant projects addressing this
subject: BRAIL (EU FP7), InnoTrack (EU FP6), Axle Load Checkpoint and HRMS (both

UIC) for which brief summaries are included but final reports have not been made available.

2.1.1European Standards

EN 15528:2008+A1:201Railway applicatiori Line categories for managing the intedac
between load limits of vehicles and infrastructidde This standard defines a Eurepale

line classification system for IMs in order to manage freight payloads and the vertical load
carrying capacity of the track they are running on.

EN 156541 Railway application$ Measurement of wheel and axle lo&ad3art 1:
I nteropseeableedinail vehi ¢2]. €ssdraftteuropadn dr af t |,
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Standard details how the measurement of wheel and axle loads shoulddakeozdrr
including a set of calibration tests to be performed for each test site in App. B.

2.1.2INNOTRACK

This FP6 project included a demonstrator wayside monitoring station in Sweden capable of
monitoring forces, vehicle identity and steering behaviour, arithine data accessibilit}s].
2.1.3UIC Axle Load Checkpoint (ALCs)

UIC 6AxIl e LoaSlt &thee ckfpotimd sart d report presen
approach to usef axle load checkpoints.

The conclusion of theeportdetermined that ALC are considered by infrastructure managers
and vehicle operators to be very useful for providing information on the condition of vehicles
as they travel over the network.

Its overal conclusions about using ALC in Europe are:

ALC give better knowledge about real loads and vehicle behaviour
Positive influence on safety aspects

Benefits for vehicle maintenance and service life components
Reduction of infrastructure maintenance costs

Need for international regulations for ALC

= =4 4 -4 A

Need for European harmonization of limit values
1 Need for a European vehicle identification system
2.1.4HRMS (Harmonisation: Running behaviour and noise on Measurement Sites)

European rail networks use a variety of eliéint way of measuring wheel forces, with

different alarm levels and corresponding actions. Many of these systems were developed to
meet local or national demands and are often not comparable with each other, leading to
interoperability problemsThe goalof this UIC project is the harmonization of assessment
procedures and limit values for both overloaded wagons and wheel and axle defects for rail
vehicles across Europpé].

2.1.5D-RAIL

This is an EU FP7 project, completed in November 2014, identifying root causes of
derailment, particularly freight vehicles. It aimed to assess both wayside and-vebicieed
monitoring systems with respect to their ability to identify develofangis which could lead

to derailment and also specify appropriate alarm limits and corresponding actions (e.g. speed
restrictions and removal from servigg}.

From a derd#ment prevention point of view, axle load checkpoints were assessed as very
beneficial for checking parameters related to derailment. Indeed, they can indirectly indicate
wheel flats, uneven loading, skew in vehicle chassis, defect springs, bad stéenahsg) etc.
These systems can cover skew loading, wheel flats, suspension failures, high lateral forces
and high anglef-attack.

Some proposed ranges of these forces are specified in various standards. Some limitations,
standards and recommendations, regarding the topic of wheel flange climbing that could lead
to a derailment are presented heredfteore detailsn [18]):
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T ORE (UI Cés Office for Resear ch alimbingExper.i
(where the wheel flange climbs up the rail) does not result in derailment if the ratio of
the horizontal force (Y) to the vertical force (Q) does not exceed 1.2 and the wheel
climb does not exceed 5mm; this limit (Y/Q = 1.2) was later confirmed by the ORE C
138 Committee for mathematical studies of the safety against derailment of freight
wagons

1 The European Standard EN 14363:2005 Railway applicaitidiesting for the
acceptance of running characteristics of railway vehiclessting of running
behaviour and stationary tests suggests using a 10% safety factor, i.e., Y/Q < 1.08

1 The Uniform Techrgal Prescriptions (UTP) applicable to Rolling Stock, subsystem
Freight Wagons (UTP WAG) [APTU Uniform Rules (Appendix F to COTIF 1999),
published by OTIF] specifies limiting values:

o (Y/ Q)l'im = 0.8 for |large curves R O 25
o (Y/Q)lim = 1.2 for small curveR < 250 m
1 However, in the current draft [11.05.2010], this has been changed to:
0 (Y/Q)lim = 0.8 for dynamic o#irack tests
o (Y/Q)lim = 1.2 for stationary tests

The UTP also gives conditions for safety against derailment when running on twisted tracks.

A detadled study of the limit has been made recently by Barbosa [Safety of a railway wheel set

i derailment simulation with increasing lateral force].

See also the Transit CooperRdali vatee ReResae arhc PG
Chapter 5, Flange Qlib Derailment Criteria and Wheel/Rail Profile Management and

Maintenance Guidelines for Transit Operations].

Anot her measure used as a derail ment indicat
divided by the nominal static value, with a threshatlie of 0.8.

2.1.6Denmark

A presentation on Axle Load Checkpoints in Denmark given at the Annual Danish Rail
Convention in 2013 outlined their proposed introduction in Denmark where a single test site
using the Gotcha system is now operational, as well asuthenarising the use of wheel

force measurement systems across Euj@pe

2.1.7The Netherlands

Railinfratrust (RIT)- the Netherlands rail infrastructure operatbave been using the Gotcha
wheel impact measurement system for over 7 years with over 45 installations across the
network[6],[7].

2.1.8Switzerland
SBB has 135 operational installations including 24 wheel load checkpoints measuring
maximum axle load, brake weight anddaght load displacement. The wheel load

checkpoints trigger 600 alarms annually. They are working towardsmeahutomated
crossborder data exchange in order to improve track availability across H&jope

2.1.9Austria
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OBB operate wayside train monitoring systems measuring dynamic wheel load for identifying
overloaded wagons and faults with wheels and ajdgsThey are developing cres®rder
data exchange with SBB (Switzerlarj), [9].

2.1.10Finland

Accor di ng Rionnihseh 2Rali4l way N e [tLO Bimland h&stadotae me nt 6
of 8 wheel force measuring stations situated near to the largest railway junction stations and
the border stations for rail connections to the east.

Appendix 6 of the report gives maximum permitted axle loads and corresponding speed limits
for specific sections of track across Finland. It then goes on to detail actions for dealing with
overloaded wagons, summarized below:

The maximum permitted axledds for the various track sections are 200kN, 225kN or

250kN. Excess loads must be unloaded at the next available opportunity if the maximum
permitted load of 225kN is exceeded by > 5% or if the maximum permitted load of 250kN is
exceeded by > 2%.

When tle maximum axle load of a domestic wagon or a wagon under COTIF agreement is
225 kN, wagons bearing excess weight may be transported at the following speeds:

National track Max. axle | Max. Speed
classification load kKN km/h

A* 225 20

Bl 235 35

B2 235 50
C1,C2,D 235 80

* On main lines and secondary tracks belonging to the track classification A individual overweight wagons with axle loads
exceeding 200 kN but not 225 kN may be transported only on a temporary basis at a speed of 20 km/h. It is not permitted to
operate on main lines and secondary tracks of superstructure category A at axle loads exceeding 225 kN.

Overweight wagons must be transported in line with the regulations governing exceptional

transport. Bef or e tsetaandtpegesttofthe bogie stractyre mustsbe wh e e
inspected. Temporary transport of overweight wagons can be considered in case of ad hoc
need. Any temporary transport of overweight

maintenance operator with a view t@mitoring the condition of the track superstructure.

2.2 Information received from IMs

The online survey for Infrastructure Managers included the following questions. Reponses
were only received from Network Rail (UK) and Trafikverket (Sweden).
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Which proprietary track-based monitoring systems do you use?
Please tick all that apply

[[] coTcHa
[7] wheslchex
[7] ReilBAM

|:| Other:

How many trackside monitoring stations do you cperate®

Do you hawe any criteria for location of monitering station? (e.g. track curve radius)

Which sensor technologies do you use in your track-based monitoring systems?
Please tick all that apply

D Strain gauges

D Fiber optic sensors

D Acoustic sensors

D Other:

What are your limits and acticns for owverloaded or unevenly loaded wagons?

Flease give sll axle |oad limits and comesponding acticns/interventions {e.g. axle load >20t: impose fine of £x¢x). Please also state
if this depends on vehicle type.

What are your limits and actions for dynamic impact leads [(e.g. due to wheel flats}?
Please give dynamic impact lzad limits and comesponding actions/interventions (e.g. Wheel load = 400kN: 30km/h speed
restriction then removed from service)

Do you also measure horizontal forces (Y-force)?

7 Yes

| Mo

) Don't know

If you do measure Y-forces, how do you use the data?
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2.2.1Responserom Network Rail (UK):

Network Rail operates 31 axle load checkpoints: 28 using the established WheelChex system
and 3 implementing the newer Gotcha system.

Table 1:Limits and actions - for locomotives and motordriven rail cars

Alarm level | Action(s)
(dynamic
impact load)

250- 275kN | Communicated to management centre, no action required

275- 325kN | Out of service at destination, send to workshop

>325kN 80 km/h speed restriction, out of service at destination, send to works

Table 2: Limits and actions - for wagons

Alarm level Action(s)
(dynamic
impact load)

250- 275kN | Communicated to management centre, no action required

275- 325kN | Out of service at destination, send to workshop

325400kN 60 km/h speed restriction, out of service at destination, send to works

>400kN 50 km/h speed restriction, out of service immediately, send to worksh

2.2.2Response from Trafikverket (Sweden):

Trafikverket has almost 200 wayside train monitoring systenoparation, 27 of which are
ALC (they also have 26 pantograph detectors and 143 hot axle box detectors).

Table 3: Limits and actions - for all drive units

Alarm level Action(s)

>320kN (Peak load)or [ 6 War ni ngé: Continue to dest
>220kN (Dynamic load)| not be used or loaded until wheel has been inspected, corre
or >5.0(Ratio) and approved by authorized personnel

>350kN (Peak load) 6Lowbé: Continue to nearest
inspedion. If no visible wheel damage, continue to final
destination with speed reduced by 20%. If visible damage,
foll ow OHighod alarm acti ons

>425kN (Peak load) 6HiIi gho: 10 km/ h speed restnHr
location where vehicle can Isgitched out from train.

Table 4: Limits and actions - for wagons and unknown vehicles

Alarm level Action(s)

>320kN (Peak load)or 6 War ni ngdé: Continue t o daeust
>200kN (Dynamic load)| not be used or loaded until wheel has been inspected, corre
or >5.0 (Ratio) and approved by authorized personnel
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>350kN (Peak load) OHi gho:
location where vehicle can be switched out from train.

10 km/ h

speed restnr

2.3Summary

The levels and corresponding actions for wheel impact forces varies for different countries, as

does the means by which they are measured. Due to lack of response to the request for
information, it has been impossible to give an actual range of valuesamsac

The level of ALC operation in a selection of European countries is preseritatles.

Table 5: Summary of European rail network usag of axle load checkpoints

Country Infrastructure No. of a>_(le load Systems used
Manager checkpoints

UK Network Rail 31 WheelChex (28)

Gotcha (3)

Sweden Trafikverket 27

Denmark Banedanmark 1 (test site) Gotcha

Norway Jernbaneverket 3

Spain Adif 15+ WheelChex

ltaly RFI 10+

Netherlands | Railinfratrust (RIT) 45+ Gotcha

Swizerland | SBB 24 Gotcha

Germany Deutsche Bahn 20+

Poland PKP PLK 30+ Gotcha

Finland Liikennevirasto 8
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3. WAYSIDE SENSORS AND MONITORING SYSTEMS

This part describes curreandinnovativewayside monitoring technologie&.focus is put on
the monitoring systems able to provide data on forces and [Baglsneans by which the data
collected from these technologies are used to define limits are also explained.

3.1 Wayside monitoring sstemsstate of the art

Wayside monitoring systems are used to inspect locomotives, wagons and loads. They
monitor different train components and physical parameters and can provide early
identification of defects.

Hereafter can be found a list of the maiayside monitoring systems:
1 Hot box, wheels and brakes detection
Acoustic bearing defect detection
Wheel profile and diameter systerisaserbased wear measurement systems
Wheel treads condition monitoring detectors
Brake pad condition detectors
Bogie performance detectors

Dragging equipment device (DED)

=4 =4 4 A4 -4 A5 -

Vehicle profile measurement systems

1 Wheel impact load detecteAxle load check pointALC)

This last system deals with the work done in the framework of thisGasierally ALC can
reveal overloadingnd/or unbalanced loading of vehiclegspension failuresnd wheel
defects such as cof-round wheels and wheel flats.

3.2 Technology to measure imposed lokdcus on Axle load check point

3.2.1General description

Axle load checkpoints (ALC) can reveal ovediagg or unbalanced loading of vehicles and
wheel defects such as eaftround wheels and wheel flats, which increase the risk of rail
breaks and the consequent potential for derailment. For derailment prevention, trackside
inspection of vehicle forces extds to analysis of curving behaviour and running instability
as well. Checkpoints placed on curves, so long as the vehicles do not have the equilibrium
speed for the cant, can measure horizontal as well as vertical track forces. Two basic ALC
types are preented irFigurel.

There are a large number of different ALC devices in use around the world. Systems were
investigated and assessed in the past and presented in many reports, as reviewed in chapter 2.

ALC provide information on running behaviour of passing trains without the need for
stopping trains. kirack ALC installations are designed to allow for grinding, tamping and
other maintenance operations without need to dismount equipment.
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»Classic“ Axle Load Checkpoint Axle Load Checkpoint in
curves / straight lines

O
9

Common = %‘J

Vertical + Horiz. Forces'|(stat. +
Types Vertical Forces (stat. + dyn.) dyn.)

Number Axles/ Vehicles -
Wheel- and Axle Loads -
Vehicle Weight -
Left/Right Unbalances '
Wheel Defects "

Vertical Track Loading Vertic. and Horiz. Track Loading
Running Behaviour/ Instability Running Behaviour/ Instability
i/ Infrastructure Manager Seminar - Paris, 2008 October 28 8

Figure 1: 2 common types of Axle Load Checkpoint

The systems can be designed to handle a very harsh environment. No moving parts and no
optical equipment such as cameras or lasers are needed which makes them robust in any
weather.

The output fromhese systems is basically data indexed per axle and automatically generated
directly after a train passage.

These systems become more and more common and are available from several vendors on the
market. Stabilized or reduced prices are to be expected funittionality is increased.

On-track installations allow for grinding, tamping and other maintenance operations without
the need to dismount equipment.

3.2.2Technological principles used for load measurement

3.2.2.1 Strain gauges and load cells

Strain gauges use wires or conducting foils which change resistance with length. By

measuring the change in resistance the strain can be estimated. The gauges are designed to be
sensitive to strain changes (material deformation) in a particular direthiergauge

illustrated inFigure2 would measure strain parallel in the horizontal direction.
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Figure 2: Strain gauge

The relationshipbetwee st rain and resistance is: UR/R
UR Change in resistance
R Resistance of unstrained gauge
S Strain sensitivity factor, or &égaugebd

O Strain

Load cells convert force into an electrical signal and usually consist of 4 strain gauges in a
Wheatstondridge arrangement, but arrangements with only one active strain gauge

(6quarterd bridge) or two active strain gaug

precision can usually be achieved through the use of multiple gauges, but placing strain
gaugs is a difficult procedure, and it is not always possible to find an appropriate surface for
placing multiple gauges.

Strain gauges are placed on the surface of the component being studied. The distribution of
stress and strain on a surface is-gumensicmal, so measurement of strain in more than one
direction is often necessary. A single sensor can have multiple strain gauges of different types
and orientations, such as the examplEigure3 where there are three gauges with different
orientations. (Typically, two such sensors would be used on opposite sides of a component.
The four strain gauges at 45A would create
two vertical strain gauges would create a

Wheel/rail forces can be determined from measurements obtained by strain gauges. Strain
gauges on rails are usually positioned on the rail web and rail foot antbustedy the
various modes of bending and twisting of the rail as vehicles pass over.

"

Figure 3: Three measurement grids strain gauges (from UIC ALC)

Strain gauges and load cells are used in axle load check points. @ustrain gauge

based systems can be used for the measurements of extensions of the rail: those extensions

can result from longitudinal and lateral forces applied on the rail, which cause shear loads on

the rails or bendings for example. The principle is tdoatinuously welded rail is usually

under tension when it breaks, and a break causes a reduction in the tension. This decrease in
tension is detected with strain gauges installed on the web of the rail.

'

3.2.2.2 Accelerometers

Accelerometers are a mature sensor technology with a range of possible application areas
operating at different frequency ranges. Mobile phones use accelerometers to identify
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orientation with respect to gravity, but most industrial uses of accelerometeénsesested in
very high frequency vibrations (kilohertz).

On the railway, if the stiffness of a section of track is known precisely, then accelerometer
readings can be used to estimate the forces acting on the track.-#eggéncy

measurement is nesgary to capture details of this force. For example, if a vehicle passes at a
speed of 30 m/s (108 km/h) this corresponds to approximately 10 wheel revolutions per
second. In order to detect enftround wheels, the accelerometer frequency would need to be
on the order of 1 kHz to capture details as small as 3 cm.

In practice, there are large uncertainties in the structural stiffness of the track and therefore
analysis of forces requires careful calibration.

3.2.3Main components of an ALC
The main parts of an AT are:
1 Components on track for the measurement:
0 Sensors

A Strain gauges: An array of strain gauges is used to measure the strains
in the rail web and foot tanalyzebending and twisting of the rails.

A Fiberoptical sensors: These can be used instead of strain gauges, but
are usually used to study deformation over longer spatrgin gauges
are used for precise measurement of strain at a point. Some ALC use
optical sensors to measure the deflection of éildoetween two
sleepers, and determine the applied forces from this deflection.

A Load cells: These can be placed, e.g., between rail and sleeper to
measure the vertical force. (The load cells usually have internal strain
gauges.)

A Laser systems: Rail deftéon can beanalyzedusing lasers. These have
the benefit that they can be placed away from the track infrastructure.

A Accelerometers: These are placed on the rails and the motion of the rail
is used to determine the applied forces.

o Cabling of hardware congments
1 Components at the side of the track:

o Amplifier

0 Hardware for communication

o Power supply

o Processing unit for analysis of measurements
1 Software for:

o Data acquisition

o Computation

o0 Measurement evaluation

3.2.4Different measurement principles, assessmeptrocedures and intervention
concepts.
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3.2.4.1 Different kind of ALCs

3.2.4.1.1 Vertical and horizontal forces

There are many different ALC systems already in use. Some assess only vertical forces, some
are mounted in curves and derive also horizontal forces and contribart@ation about the
running behaviour of the passing vehicle.

Not only the measurement principle varies, but the length and scatter of sensors differ also.

Beneath systems mounted in tracks with normal conditions specially located ALC are used
for vehicle homologation purposes facing higher demands.

3.2.4.1.2 Static or dynamic measurement
They are wayside systems performing either static or dynamic weighing.

Static weighing gives accurate load readings on a parked or slow running vehicle but requires
quite complexexpensive) installations with rigid fundaments to prevent unwanted errors due
to settlement of the ground. Dynamic scales represent the opposite. They cannot measure
forces from a parked vehicle but instead work with relative changes in readings whén whee
are passing over them. The installation is less complex (cheaper), less maintenance
demanding and these systems can make fast monitoring of axle loads even at high speeds.

The accuracy is less than for a static weighing systems as a system in madigs alw
introduce dynamic variation to the readings but a precision better than 1% can normally be
achieved which by far cover the precision required for maintenance or safety purposes.

3.2.4.2 Different measurement lengths

Sensors are normally installed along akriength of minimum &b meters to cover at least 1
wheel circumferences but the length can easily be extended30 2@ters if also ride
stability and hunting behavior is of interest to monitor.

3.2.4.3 Different operators - different practices

The use of axleolad checkpoints can be motivated by different aims and so be operated in
different ways.

Most generally, the aims are the protection of infrastructure from high loads, or potentially
dangerous vehicles (for example which have a high potential for dergijroedata
collection for vehicle maintenance purposes.

From an Infrastructure Manager (IM) point of view, being able to measure the vehicle
induced forces different perspectives were the starting point for the activities. Often IM
wanted to assess thefting on the infrastructure imposed by running vehicles. Even the
protection of the infrastructure from overloads or potentially dangerous vehicles was often the
aim.

There are alsbenefits for train operatorthey camrmonitor the condition of individual
vehicles over timetheloadinformationabout of their fleet can be ustxt enharing their
maintenance regimestgventativemaintenanceand repaiican be scheduled to actelonger
life and decrease LCdriven by usage and/or deterioration of threcure, rather than the
widespread subptimal practice of using timmterval based maintenance.

Deliverable D4.5 PU T Final



Page 21 of 91

3.2.4.4 Conclusion

As described above one major improvement would be to define precisely the needs of the
different users. IM will have different aims than RU. Basadhat, the definition of

measured values and intervention concepts will follow. From the European perspective it is
necessary to homogenize those attempts. This is actually done within the UIC project HRMS
(Harmonization Running behavior and noise orasteement Sitgd.5]). The task of the

engineer is to provide technical solutions, which fulfil those requirements, including the
guestion of measurement reliakyland precision.

At the end different measuring systems, including different intervention concepts (e.g.
responsibilities, values, data transmission, influence on operation) based on national needs are
the result.

3.3 Functional description of existing system

A review of ontrack based measuring systems which are capable of measuring theaitheel

forces of a passing vehicle has been performed. The primary aim is to identify the most useful
outputs for the simulations and whether the resultant predictionsecased to further

develop the data processing or threshold warning triggers applied in these technologies. In

total, ten measuring systems have been identified, some of these are used primarily in Europe,
whilst others are more typically employed in th® or Asia. The review work focuses on the

capability of systems to measure derailment indicators and do not discuss or assess all the
capabilities of the systems identified (wheel flat detectionpbubund etc). Full system
descriptions are availabler om t he manufacturersod | iteratur e

The following section presents an overview of the systems being studied, their general
operating principal, followed by a summary of their key features and how useful each system
may be as a derailment risk detector. A commentary has also been providedighlights

the potential for further development of a particular system to improve performance in respect
to the prediction of track degradation

3.3.1System 1.GOTCHA Weighing in Motion Module

(http://www.gotchamonitoringsystems.com/WIM.php

Gotcha is a trackside monitoring platform for measuring a wide range of qualitative and
guantitative data of passing trains. Gotcha MonitoringeBystobtain

reakttime information about the state of different aspects of passing vehicles, such as: weight
distributions, wheel loads, speed, wheel defects, axle passes, noise emission, axle boxes
quality and pantograph. The system is capable of rempoetieg and RFID tracking of

vehicles and based on a fibre optic measuring system which does not require direct fixing to
the rail surface. The Gotchdeighing in Motion Module\WIM) system is part of the wider
ranging Asset Management Platform but isintgended specifically as a derailment risk
detector. It currently measures only vertical (Q) forces sgare4), however, in common

with other wheel weighing systemit has the capability to detect variations in static wheel
load across a bogie which can be used to identify skew loading and diagonal imbalance
key factor in a number of cited derailments. This latter feature was added recently to the
systems proasing for application in the UK, following a freight wagon track twist related
flange climb incident. A lateral force measuring capability is under development.
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Figure 4. Example of Gotcha System Load Output

Measurement of the individual wheel Q forces under various track, vehicle loading conditions
and vertical loading variations across a bogie could be uséuefprediction of track
degradationA similar WIM system is also available from LB Foster/Sal@ysétems
(nttp://www.Ibfostersalientsystems.com/pdf/wim.gdaind likely other manufacturers can be found.

3.3.2System 2:Argos Level 3 (Y/Q Derailment Safety and Instability)

(http://www.argossystems.eu

The Argos Level 3 system aims to analyse the running performance of vehicles by measuring
both vertical and lateral whegdil forces without separate earthworks or foundation. In

addition the Argosystem allows the processing of a number of additional derailment
indicators, specifically: the lateral () force, Y/Q ratio and wheelset angle of attack (see
Figureb). It is also capable of measuring general curving forces and hence steering ability of
the vehicle. By measuring the combination of lateral and vertical forces, the system can also
calculate net centrifugal forces, centre of gravity height anebuet daracteristics.
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Figure 5: Argos Level 3i Derailment related Measurements

Having the advantage of being developed as a derailment safety monitor and measuring both
vertical and lateral forces, the Argos Level 3 system igyawseful tool in the early

prediction of vehicles with increased levels of derailment risk. Outputs to be captured to
support the analysis of this system as part of the WP4.4 simulations are Y and Q forces, Y/Q
ratio and angle of attack. Sensitivity stesliof vehicle skew loading and CofG height will

also be used to assess the potential benefits of this system.

3.3.3System 3: Lasca Mattild

(http://www.innoteesystems.de/index.php/51.himl

The Lasa Mattild system uses a laser based measurement principal which relies on the
determination of the gross bending of the rail section to evaluate the verticalraihmices
(seeFigureb). The literature also mentions that the same approach is possible for

determination of lateral forces but there is no information regarding any application of this
extension. For the purposéthis review, the system will be considered as a vertical only
measuring system. The system can measure the usual outputs which can be captured from this
type of vertical force measuring system, including static and dynamic vertical wheel loads and
asso@ted derived outputs, such as skew loading and diagonal imbalance. Lasca Mattild
system has similar technical capabilities to GOTCHA system and shares an ease of mounting
to the rail, requiring only a clamping system to the rail foot.
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Figure 6: Principle of the Lasca Measurement System

3.3.4System 4.LB Foster/Salient Systems L/V Detector

(http://lwww.lbfostersalientsystems.com/Wireless LMonitor.asp)

The LBF/Salient Systems L/V detector ($agure?) is a battery powered wireless strain

gauge device which is capable of measuring both vertical and lateral forces. The device
requires drilling of the rail web at the neutral axis, whichosaiways considered the best
approach. In common with the other systems studied it also allows remote download and
monitoring. The system is essentially a lower cost and simplified solution to that presented in
the Argos system. It does not have the aoldi#tl processing features of Argos, nor the angle

of attack detection, predominantly Y, Q and Y/Q monitoring.

Figure 7: LBF/Salient Systems Wireless L/V Detector
3.3.5System 5:LB Foster/Salient Systems Hunting Truck Detector (HTD)

(http://www.Ibfostersalientsystems.com/Hunting_Truck Detector.asp )

The LBF/Salient systems Hunting Truck (bogie) Detector Fsgere8) uses a rail strain
gauging nethod with suitable pogirocessing to detect vehicles which are exhibiting
un-stable hunting motions. The system requires installation in multiple sleeper bays to
characterise the wheelset oscillatidhis wheelset/bogie motion can induce excessivedate
forces that significantly contribute to the rapid wear of rail and vehicle in a relatively short
time. This particular type of degraded vehicle performance is a leading cause of damage to
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delicate goods. Hunting trucks can also result in severe daméagek components, thereby
increasing the risk of derailment.

i i
i NGy e i el

Figure 8: LBF/Salient Hunting Truck Detector (HTD)

The LBF/Salient Systems HTD device is aimed solely at detecting hunting motion and
therefore does not offer theder ranging early derailment detection benefits as systems such
as the Argos Level 3. Also, derailment directly due to hunting is a fairly low occurrence.
However, it remains a risk in terms of degrading the vehicle performance and if possible
hunting déection should form part of the pgstocessing analysis of an-track wheelrail

force measuring device.

3.3.6System 6:TTCI Truck Performance Detector (TPD)

(http://www.aar.com/produs services/pdfs/TPDnePager.pdf

The TTCI Truck Performance Detector (TPD) is predominantly aimed at identifying vehicles
with poor curving performance and hence can provide indications of high Q and ¥raiheel
forces. The measurement technology isdedtiled in the literature but it is likely to be a

strain gauge method applied across a number of sleeper bays. The TTCI system
fundamentally geeFigure9) measuref and Y forces. As a result it should be possible to
derive similar output parameters to other dual force measurement devices such as the Argos
Level 3 and the LBF/Salient System L/V detector
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Figure 9: TTCI TPD T Typical Site Installation

3.3.7System 7:Trackside Intelligence Ltd Wayside Monitoring System

(http://www.trackig.com.au/waysid@monitoringsystem.htnjl

The Track 1Q, Wayside Monitoring System (WMS) strain gauged system, coupled with
accelerometer measurements. In common with other systems studied the device measures
only Q forces. With respect to early derailment risk detection, this limits its application to
measurement of variations in statibeel load across a bogie, identification of skew loading
and diagonal imbalance.

Musbar of mabes 4 Owac won  Total sumsber of passes

Veticle weight 44 151 Wiorst ST mbetanc: 1%  Weest (11 andatance 19%

Chobat pas srters

Figure 10: Track IQ, Wayside Monitoring System (WMS)

With reference td-igure10 above, an advantage of the WMS system is its ability to be
readily clamped to the rail fodtthis minimises installation and maintenance costs.

3.3.8System 8:Delta Rail Group - Wheelchex

(http://www.deltarail.con)

Wheelchex is a precise strain gauge based Q force measurement system which requires
bonding to the rail under laboratory conditions. It was originally developed as an impact load
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detector and ia well proven system, with 24 measurement sites operating in the UK (now
being phased out in the UK and replaced with the GOTCHA system). It has also been used
successfully in Australia and the US.

In common with the other vertical measurement systenagestin this review, the system
measures static and dynamic vertical wheel loading and wheel impact data from passing
trains, including the average, peak, dynamic ratio and uneven diagonal wheel load on each
axle (sed-igurell). Data is recorded in the UK and intervention limits set for these
measures. dur levels of wheel impact alarms are currently adopted in the UK, ranging from
350kN (level 1) to 500kN (level)4Network Rail is also currently investigating alarm limits

for wheel imbalance loads following the recent derailment of a freight wagon with abnormal
diagonal wheel loads. The Wheelchex system does not support automated vehicle
identification via taggin@r similar technologies.

4

il

|
ALy _II.,],I_ILJJUOJI;&1 LLL 11

} Trailing.right
*{ Loco 60068 Leading right Trailing left wheel (16002) wheel (16002)
wheel (16001) wheel (16001)

Figure 11: Example of Wheelchex Output for Imbalanced Axles
3.3.9System 9:Nencki Ltd T Wheel Weighing Machine (WWM)

(www.nencki.ch/railway)

The Nencki WMM fundamentally differs from the -track based systesrpresented above in

that it is a maintenance depot based device to ensure-th@randerailment safety of

vehicles. Adoption of such preventative methods are not common, but the benefits in terms of
reducing potential vehicle initiated derailment rislsignificant. Via hydraulic actuation of

rail sections within the test bed a vehicle twist performance test to EN 14363 can be
completed within 30 mins. The system is showRigurel2 and the typical Q force output in
Figurel3.
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Figure 12 Nencki Twist TestSystem
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Figure 13: Typical Q force Output

The Nencki system is targeted at operators of large vehicle fleets and is aimed at detecting
component failures or errors in bogie overhaul which may influence the vertical wheel
unloading under twist. The outputs of the system can be used-faaak(on network)

approach to detecting poor twist performance of suspension.

3.3.10System 10:Metrom Rail - Sentrack

(http://www.metromrail.com/sentrackrackmonitoringsysten)

In contrast to the majority of systems studied above, the Sentrack system is not a derailment
prediction or force measung) device but is used to detect a derailed vehicle. With reference to
Figurel4 below, the system employs the following sensors:
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Derailment Sensor (DRS)

The SenTrack System:

Wheel Detector (WD)

Track Integrity

- ] Sensor (TIS)
Dragging Equipment

Sensor (DES)

Local Radio Warning System (LRW)

Figure 14: SenTrack Derailment Event Detection System

Track Integrity Sensor (T1S) The TIS is a sensor secured to both the rail and embedded
within the ballast via a probe. In the case of rail deformation or ballast washout caused by a
derailed vehicle, the senswill immediately send an alarm activation for broadcast via the
Local Radio Warning System (LWS).

Dragging Equipment Sensor (DEISThe DES detects the speed at which the sensor is struck
by dragging objects and in what direction. All details are reparimediately and send an
alarm activation for broadcast via the LWS.

Wheel Detector (WDj The WD is a wheel detection module which interprets axle counts,
speed and direction of a vehicle. When an alarm is triggered by any of the sensors in the
system the axle count is added to the broadcast via the LWS.

3.3.11Synthesis of system features

A wide range obn-track based measuring systems which are capable of measuring the
wheelrail forces of a passing vehidiave been studied, the primary features of egstem
are summarised imable6. It is obviousthat there is no single system which is capable of
providing all the features identified. System 2, the Argos Lewdfe8s the greatest number of
features in a single system.

In terms of providing the maximum protection and early warning of derailment risk, it is
considered that a system should be capable of measuring both vertical and lateral forces.
Measurement of latal forces provides the additional benefit of early detectiavhekl set
steering or bogie related issues which lead to high guiding forces (Y). This functionality is
offered by Systems 2, 4 and 6.

Deliverable D4.5 PU T Final



Page 30 of 91

Table 6: Summary of Primary System Features

System | Q Force | Y Force | EY t r| Hunting CofG/Rollover | Veh.ID/ Derailment
shifting monitoring | detection

1 Yes No No No No Yes No

2 Yes Yes Yes Yes Yes Yes No

3 Yes No No No No Yes No

4 Yes Yes Possible | No Possible Monitoring | No

5 No No No Yes No Yes No

6 Yes Yes Possible | No Possible Monitoring | No

7 Yes No No No No Yes No

8 Yes No No No No Yes No

9 a/Q No No No No No No

10 No No No No No No Yes

It is noted from the review that the most commortrack measuring systems dhe@se which
measure only the vertical forces. It is apparent from UK operations and also other member
states that whilst these systems are typically used to identify wheel flats/ovality and axle
overloading, they often are not used to look atuen loadig or low wheel vertical load. In
some cases this data is available from the system but is not used as an alarm by the
infrastructure manager (IM). It is recommended that IMs review thetiramk mounted wheel
load measuring systems and identify whetluglittonal data or measures can be tracked to
increase the early detection of possible increased derailment risk.

It may also be beneficial to introduce preventative measures which could indicate any change

in a vehicle performance and derailmentrisk dvérme . Syst em Q)Qased on de
measurement within twisted track could be adapted to form-dénrora Q/€ assessment.

The basis of this addition wQQIpaforinamcet o det ec
relative to normal operational thresholds. Sadystem would require RFID tagging

functionality to store thresholQ/Q values for a particular vehicle type.
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4. THE JVTC/DAMILL MONITORING STATION

4.1 System presentation

In 2006, JVTC (Lule& Railway Research Center) decided to install a wayside monitoring
station on the Swedish iron ore line Malmbanan F3gerel15. The arrow pointsat the
monitoring site in Savast, 30km north of Lulea.

Kiruna

Malmberget

Northern
Sweden

Figure 15: Map of the iron ore |ine AMal mbanar

The goal was to support the JVTC research team with empirical data suitable for railway
maintenance studies. After some syssen different monitoring techniques, it was clear that
force measurement should be most adequate for this purpose. One of the JVTC partners in
2006 was the company Damill with good knowledge in both monitoring techniques and
railway technology. Damill waitherefore contracted to build the station. The site was decided
to be placed in Savast, approximately 30km north of Luled. Main argument for that selection
was to find a place where curve radius is quite narrow, where inclination is low and where
trainsare normally running with constant speed without braking or heavy acceleration. Track
geometry data of the JVTC Railway Research Station is:

 Line no. 119

1 Track position 1153km + 370m, (368,8/370/371,2m)

1 Curve radius -484 m (left turn when running south weards Luled)
1 Cant 110 mm

T Inclination -MH

1 Rail type uiCe0

1 Sleepers Concrete

 Fasteners Pandrol eClips
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The force measurement system was based on traditional strain sensors put in different patterns
on both rails, seEigure16. No special sleepers are required and the track can withstands
standard maintenance intervention such as alignment machines. It was brought into a
dedicated bungalow where signal conditioningtmics, computer and internet

communication units was placed, $egurel18. The system data was soon available on a

public web page and a RHi2ader was installesb all data from passing iron ore trains

could be traced down to a specific vehicle. This was probably one of the first systems in
Europe with such combined functionality. From 2006 to 2012 the system was in service with
sensors in one position along tiheck but in November 2012 it was expanded to 3 positions
along 2,4 metres of the track. The system has also been recently expanded with dual RFID
readers for the new GS1 standard. Software has also been gradually extended to the current
status.

~ B S T
"*k" o = T i s

Figure 16: Sensor positions in track.
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Figure 17: Minimal system cabinet that contains sensor electronics and optionally also computer and
communication electronics.

Figure 18 2-room heated bungalow for computer and communication electronics.

The JVTC Railway Research Station in Savast works as a platform for studies of things such
aswheel profiles, rail profiles, rail lubrication etcetera. Another area of research is to study
and dassify vehicles regarding their contribution to the overall track degradation, see
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