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Executive Summary

The present document reports major consideratiows cantributions to the performance
requirements of the future SUSTRAIL freight vehidie detail, duty requirements have been
defined with reference to the increase of maximymeed with the aim of achieving

potentially double the life of track components wikembined with low impact vehicles.

In line with the Annex | — DOW and the tasks digiss reported over there, the following
issues have been investigated in D2.4:

e Suspension and running geatr,

* Brakes;

« Accelerations and speed requirements;
* Aerodynamic requirements;

* Noise requirements.

All these features have been investigated in D&k#hg into account the project objective of
running freight trains at higher speed (up to 120tkand potentially to 140 km/h) ensuring at
the same time lower impact on the infrastructure.

Suspension and running gear should provide fodaateon in damage to the track (rail wear
and surface damage, track vertical settlement atedldl stability) and to the vehicle (wheel
wear, component damage and load integrity) whilentaming a safe operation level against
derailment and track lateral shift.

The SUSTRAIL freight vehicle will benefit of a comnled wheel-slide and brake control
system. Analysis on accelerations and speed reqgaes highlighted that higher time
savings can be obtained by increasing the spe¢d 120 km/h with respect to today situation
whilst lower benefit can be achieved from 120 kit@’'HH40 km/h, mainly due to speed limits
imposed by railway crossing, switches and curves Wwigh radius and sections with high
gradient.

From the aerodynamics investigations a series b to improve the aerodynamics of the
freight vehicle have been identified.

Regarding noise mitigation, it came out from the&dgtthat for the range of operating speeds
of the SUSTRAIL wagon, rolling noise will be therdmant source.

Detailed results of the study are described ifdHewing of this document.
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1. INTRODUCTION

The SUSTRAIL project aims to contribute to the radight system to allow it to regain
position and market share. It is proposed that dbetribution is based on a combined
improvement in both freight vehicle and track comguats; this holistic approach is aimed at
achieving a higher reliability and increased perfance of the rail freight system as a whole
and profitability for all the stakeholders. The SIFRRIL integrated approach is based on
innovations in rolling stock and freight vehiclegth a targeted increased in speed) combined
with innovations in the track components (for higiheliability and reduced maintenance),
whose benefits to freight and passenger userse(sinixed routes are considered) are
quantified through the development of an approertaisiness case with estimation of cost
savings on a life cycle basis.

Starting from one of the project general targettevant to the increase of maximum speed
for freight trains, WP 2 aims to define duty reganents for vehicles and track that achieve
potentially double the life of track components witembined with low impact vehicles.

Today the top speed of freight services is usualyveen 75 and 100 km/h. The standard axle
load in Europe is 22.5 tonnes (limited to 20 toninesome regions).

The SUSTRAIL target is to increase speed to 12thkon/more, up to a maximum speed of
140 km/h.

1.1 Structure of the document

This document, led by TRAIN, includes contributioftem different Partners (UNEW,
MMU, USFD, SIRV and KES).

Chapter 2 summarizes the objectives of the Worlkk&ge and the goal of the deliverable,
including some considerations from other Work Pgeka

Chapter 3 introduces the technical requirementa dfaxle freight wagon to be designed,
which will be manufactured and tested within SUSTRAroject from the perspective of
SIRV.

Chapter 4 provides the limits for acceptable ridaldy and dynamic performance, for
existing and new freight traffic flows identified WP 1. Moreover the design specifications
for improved bogie/suspension characteristics ctamsig total vehicle mass, unsprung mass
and fatigue life are defined.

Chapter 4 describes the requirements for the dpredat of a combined wheel-slide and
brake control system with comprehensive diagnogixtionality for modern, innovative
freight cars.

Chapter 6 defines the requirements for acceleratimhdescribes the effects of the increased
speed on one of the case studies identified in W& “Green Label” scheme is introduced,
i.e. a certification assigned to vehicles on theidaf eco-friendly materials and technologies
used for their construction and the expected enuiental impact of their operation.

In Chapter 7 methods for reducing aerodynamic @wad their effects are considered; other
aerodynamic effects associated with the presstferehtials and wind induced by the train
are also studied.
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Chapter 8 provides a summary of EU legislation atiter existing guidelines for railway
operation, and specifies the duty requirementsuture vehicle and track systems. Different
sources of noise, including rail-wheel interfaceakes, engine, and aerodynamic noise are
taken into account.

Finally Chapter 9 reports the main outcomes ofdékverable to be used as guidelines and
basic requirements for the vehicle component desighmanufacturing across WP 3 and for
testing in WP 6.
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2. OBJECTIVES OF TASK 2.4

This work package has the aim of identifying thaufe vehicle performance requirements;
each specific subtask of this work package addsessspecific technical field, such as
suspensions and running gear, brakes, accelemithspeed, aerodynamics, and noise.

Aspirations are to maintain vehicle performance &admonise operation of freight and
passenger traffic on mixed traffic railways.

The final goal is to have line-speed operationrefght traffic, but this may not be reached
given the three year time horizon for the core asde It shall be taken into account that
smaller increases in freight speeds have the paleior disproportionate benefits; closer
harmonisation of passenger and freight traffic antance can result in increased availability
of paths thereby increasing capacity. Similarlpselr harmonisation of passenger and freight
traffic performance will result in high speed pasger traffic needing to operate at lower cant
deficiency (offering the potential for reduced whedl wear and lower maintenance
requirements).

Output of Task 2.4 is this deliverable D2.4 “Futushicle performance requirements” (M12).
Task 2.4 is split in 5 subtasks:

e 2.4.1 - Suspension and running gear (led by MMbi} task is to establish limits for
acceptable ride quality and dynamic performance,tlie existing and new freight
traffic flows identified in WP 1. It also consisis the design of specification for
improved bogie/suspension characteristics, conisigléotal vehicle mass (and thus
payload capacity), unsprung mass, and fatigue life.

e 2.4.2 — Brakes (led by KES): this task is to defimgh level performance and
reliability requirements for braking systems to iagk the performance required by
the new freight traffic flows identified in WP 1sdues include braking force build-up
time, emergency performance, fading over long plsriof braking and impact of
braking system design on vehicle mass and unspmiags. Based on these
requirements, design specifications are to be ebdibr an innovative brake solution
for higher speed freight bogies, which will be deped within WP 3.

e 2.4.3 - Acceleration and speed requirements (le@iR#IN): in this task, the value of
improved acceleration and the effects of incredsspeed are to be analysed. The
focus is on the value of increasing freight traseederation versus removal of discrete
line speed constraints associated with the infnasire.

e 2.4.4 - Aerodynamic requirements (led by USFD):ilalée technologies are reviewed
in terms of the drag reduction and the practieditiof application, leading to
specification of drag reduction technology for fheight vehicles to be developed in
WP 3. The potential drag reduction is assessedymiblished literature.

e 2.4.5 - Noise requirements (led by TRAIN): noiselly@n is of increasing
importance in railway operation as EU legislatiaises awareness of this issue. Using
this legislation and other existing guidelines faailway operation the duty
requirements for future vehicle and track systemes specified. Sources of noise
considered include rail-wheel interface, brakesgjre® and aerodynamic noise.

The activities performed across Task 2.4 have uepdts from other work packages,
especially WP 1 and other tasks of WP 2. The oatptifask 2.4 will useful inputs for WP 3.
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Within this framework, Figure 2.1 shows how Task & linked to other relevant project
tasks.

Figure 2.1: WP 2.4 links to other work packages

In WP 1 the benchmarking of the current freightteysto establish the existing ‘zero state’
for subsequent comparative and enhancement agtivias been analysed.

Three routes (case studies) have been selectetntify the current situation and potential
for improvements, and their characteristics haventoescribed:

e Spain;
* Bulgaria;
* United Kingdom.

Task 2.4 takes into account the standards and ®fdcted in Task 2.1 and the future

logistics requirements identified in Task 2.2 [68fore details about this input are provided
in section 2.1.

Task 2.4 outputs are mainly used to support theldpment of WP 3 in the definition of the

freight train of the future. Indeed across WP 3 Key areas where recent and future
developments can lead to improved running behaviesulting in reduced impact, reduced
system maintenance and lower operating costs fibr\ehicle and track will be identified

2.1 Considerations from Task 2.2

As introduced before, three case studies have belatted in the project to analyse the
current situation and in which to identify the putal for increases of freight train speeds.

Starting from the data gathered in WP 1, in Tagk&study has been performed in order to
show the actual situation on these routes, witlea vo defining future trends.
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2.1.1Bulgaria

Freight traffic has a typical line speed of 75 kraffart from the section between Parvomaj —
Jabalkovo during which freight can travel at ud2® km/h. Maximum speed of freight trains
is usually 80 km/h. Currently some parts of thetecare being modernised, which could lead
to new average data on speed in the future.

Maximum permitted axle load for freight wagons 52t.

There are several projects under examination, comge modernization with increasing
velocities, axle load, capacity and other techngalameters for the corridor under study.
Some of these projects (for an important lengtkthefcorridor) are planned to be completed
by 2013-2014, and other projects for the remaimdehe corridor are planned to be finished
in 2015-2016, 2017.

For the future, following the trend of recent yearsan be expected that the share of goods
transported to and from the plants of the heavysiny, especially the metallurgical industry,
will diminish. Concerning domestic and internatibrieross-border) transport, intermodal
transport is expected to gain in importance.

2.1.2Spain

The route average speed of freight trains is 52hkimit in some sections the maximum speed
for freight movement is 120 km/h; there are cuilgemo plans for freight trains to be
scheduled to run faster, and most of them run @tkb@h. On some track-sections local speed
restrictions apply.

The average permitted length of freight train cosifans is 450 m; this depends on the track
section.

The maximum permitted weight of freight trains, jvcurrent locomotives, either electric or
diesel, can be up to 1200t to 1600 t.

The maximum axle load allowed for freight wagon22s5 t; this is planned to be increased
to 25t.

Obijectives for 2020

The Spanish Government shares the EU’s policydmete rail freight transport and believes
that increasing rail freight can contribute to r@ab the potential of Spain as a logistical
platform, reducing external costs and improvingdbmpetitiveness of the Spanish economy.

The target is for the railway to return its markesition to that of a decade ago (in 2003 it
carried 5.7% of freight by tonne-km compared toyahlLl% in 2008). The objective for 2020
is to reach 8-10% of modal share (Ministerio deinéato, 2010). Steps to reach this target
have been defined.

2.1.3United Kingdom

Regarding the infrastructure, on the West CoastnMane or other lines shared with
passenger services, most of the route is laid @mutunning freight trains at a speed of 120
km/h max., but on other sections, freight runs &l vbelow its potential speed (often
averaging around 48 km/h over some sections) dugotiog into loops or slow lines and
because of being stopped for passenger servicesalérage speed between Southampton
and Warrington is considered to be 80 km/h. Mosta&oer-carrying wagons can be operated
at a speed of 120 km/h max (laden or empty).

Deliverable D2.4 PU - Final



Page 14 of 89

In the UK, according to the freight route utiligatistudy by Network Rail, it is expected that
the demand for rail freight will continue to growy B6-28% by 2014/2015, compared with the
year 2007 (Network Rail/Rail Freight Operations’sasiation, 2010, p. 33). Important future
market segments will remain the carriage of coat (fower production), ore (for the steel
industry), and containers (for all kinds of cargo).

2.1.4Conclusions from Task 2.2

Sustainable future rail vehicles should be interapke in use on different national railway
networks, have a lower tare weight and an impraaecbdynamic performance, cause less
noise and be able to run at a higher speed.

There is a general need across the case studysrtutecrease average freight operating
speeds, although the specific requirements varyrdaye. The primary motivation is to
maximise track capacity and service reliability bgtter integrating freight trains with
passenger services. Increasing freight train maxiroperating speeds is a key to increasing
average speeds towards line speed.

On the Mediterranean Corridor, 120 km/h capabibtgeen as an appropriate target, and is
being achieved by some containerised freight otspzfrthe route. Barriers to be overcome

include the speed limitations for some wagon tygagalling systems, and the interaction

with short-distance passenger trains on the netwookind urban areas. On the UK route,

raising the speed of all freight trains to 120 kmwifbuld be valuable, and to 130 or 145km/h

more so. On the Bulgarian route, a general needhtoeasing speed has been highlighted,
without detailed indications about target speed.

There is also an economic interest in increasirlg bpads, although not necessarily for all

types of freight. for bulk freight, greater vehigayloads offer cost efficiencies for the

operator, which might be partially/wholly offset bye cost increment in track maintenance —
this is a subject for further investigation in WP 5

2.2Increase speed on freight lines — examples andefukevelopments

Research relating to the development of high sfregght corridors is on-going. The concept
and the maintenance of these kinds of lines caferdih certain respects (UIC Report
“Maintenance of high speed lines” 2010) [66].

Some examples of high speed lines designed andalsedor freight transport are available
in Europe, e.g.:

« taly: the Italian lines have been designed as Higleed/High Capacity (HS/HC or
AV/AC: Alta Velocita/Alta Capacita). They are nottyused for freight, but the design
characteristics have been defined in such a waydbeld also handle freight traffic.

» United Kingdom: DB Schenker Rail operates freighirnts on the High Speed 1, the
railway between St Pancras in London and the Chanmel.

* France: TGV-Postes, with a top speed of 270 km#hitee fastest freight trains in the
world.

* Germany: at the time the first high-speed linesenggrened, DB introduced the pilot
service under the name of “Intercargo Express”’s Harvice was provided by freight
trains running at top speeds of 140/160 km/h an#imgause of the new section
between Hanover and Wirzburg.

» Switzerland: AlpTransit freight system, for HS fykt transit on the line is planned to
be operational in 2016.
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High speed rail freight is an interesting speciafisarket with competitive advantages for
express freight (including parcel/palletised fre)ghvis-a-vis air and road modes. It is,
however, a very specific market with unique techhrequirements for high speed operation
that would warrant separate study.

2.3 Target maximum speed and type of vehicle

Considering the three routes analysed in WP 1 hadihdings of Task 2.2, an increase of
speed for the freight traffic up to 120-140 km/lexpected. The increase of speed is the main
target for SUSTRAIL, rather than a combined inceeatspeed and axle load, together with
an increase of the performance of the vehicle vafipect to ride comfort, braking efficiency,
noise emissions, and aerodynamics.

A maximum speed of 120 km/h will be considered asnntarget for the “conventional
SUSTRAIL vehicle”, while 140 km/h will be consideréor the “futuristic vehicle”.

Concerning the vehicle type, container wagons lees selected following the identification
of requirements in Task 2.4 and therefore this @lused for WP 3’s detailed study of the
vehicle of the future. The detailed analysis wilhsider the option of a new wagon design or
the option of retrofitting an existing vehicle. Tteference bogie design is the Y25.
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3. TECHNICAL REQUIREMENTS

The technical requirements refers to a 4-axle liteigagon to be designed, manufactured and
tested within SUSTRAIL project from the perspectfdJVA (SIRV).

The wagon will be manufactured according to curtéi@ regulations and leaflets and to EN,
UIC, RIV, ISO EN SR regulations. Standards havenb#escribed in the Deliverable D 2.1
“Summary of standards and externally imposed didims of duty” [68].

Detailed requirements will be specified in the W&tckage 3, which aims at outlining the
technical requirements of freight vehicles in ortietead to improved running behaviour of
railway vehicles resulting in reduced system maatee and operating costs, reduced
environmental impact and greater sustainability ffidiency.
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4. SUBTASK 2.4.1— SUSPENSION AND RUNNING GEAR

This subtask aims to establish the limits for atzlele ride quality and dynamic performance
for existing and new freight traffic flows idenefil in WP 1. Furthermore it aims to define the
design specification for improved bogie/suspensibaracteristics considering total vehicle
mass (and thus payload capacity), unsprung masftaagde life.

Previous tasks (see D2.2) provided information &limei specific target system to focus on in
Task 2.4. This is intermodal freight vehicles walightly increased speed suggested around
+20% depending on the country and current runnomditions, and possibly carrying high
value goods, i.e. requiring a higher ride qualBgction 4.1 describes this target vehicle’'s
characteristics and the multibody dynamics modedumr simulations. The target routes
chosen are given in Section 4.2 for Spain, the & Bulgaria. They are mixed traffic routes.
The characteristics of the routes made availablgha form of recordings from track
measurement trains are described in Section 4.2 s@mdilation cases chosen. The
methodology applied for the vehicle dynamics sirtiates is described in Section 4.3 while
the analysis of the outputs are given in Sectighcbnsidering vertical damage, tangential
damage and ride quality. Based on these outputdirtties for acceptable ride quality are
established in Section 4.5 and some guidelinesgards design specification are discussed in
Section 4.6.

4.1 Existing intermodal freight vehicles and agreeddbhemark vehicle

The type of vehicle of interest for SUSTRAIL is latfcontainer wagon (UIC type R) for
carrying intermodal freight. Information collectdy WP 1 summarises the most common
types of vehicle (e.g. for the UK: FEA, IKA, FAAle..), which are flat container wagons
dominated by the Y-series type of bogies. Otheesypf bogie are also present but less
numerous. There are many ‘3-piece’ bogies. Thesewadely used in the USA, Canada,
China and Russia, but are generally not a favowmmitbn on EU track because of their
relatively bad ride quality and high unsprung m&s.the other hand there are other types of
bogies termed track-friendly (TF), which use pageenvehicle technology, for example
viscous dampers rather than coulomb friction dagpdm improve the ride performance.
These are however often too expensive to buy anadtana, so are not widely used. The focus
is therefore on the Y-series type of bogie which b& found in a very large number of
different configurations (and under different najn@se main variations concern:

* the axle wheelbase, either 1.8 or 2m and
» the primary spring (spring characteristics) anddielink arrangement.

Because the primary suspension characteristicsYokaries bogie is very complex and the

ride behaviour is very sensitive to loading (whettage or laden) it is not possible to model

all variations of such bogies. It was thereforeidied to use one specific Vampire® model

that was available at MMU of a FEA container flatgen with Y33 series bogies. This model

is deemed to be a good example, representativdarfja percentage of current traffic. This

model has previously been validated for verticaeristudies. Regarding the lateral ride

characteristics and more particularly the effec@ar and RCF, it is not possible to find a

well validated model in the industry or academiavas therefore decided to use a number of
available models of the same type, so that theyddo® compared with respect to tangential
track damage to verify if their behaviour is simita if a larger spread may be anticipated.
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4.2 The target routes and their characteristics

The data is taken directly from the track measurgmehicles as supplied by the networks. It
can be used as input for the vehicle dynamics aodge further information:

» Distance

e Curvature

* Cross level

« Lateral alignment (usually filtered below 70m arh

» Vertical level (top left and top right filtered los 70m and/or 35m)
e Gauge variation

* Line-speed (for information or simulation)

* Recorded vehicle speed (as recorded during theureasnt — for information or
simulation)

The line-speed and the vehicle’s recorded speed beaysed to determine the actual
operating speed on the line and the effective defitiency. This provides a useful insight
into the running condition of a specific vehicledatepending on its steering capabilities, on
the balancing of forces across all wheels in adogi

4.2.1Spain

ADIF supplied data for the Spanish route from thedMerranean corridor (Valencia-
Tarragona) between Oropesa and Vinaros (start Rk®52, end Pk 110.0-110.2). The data
covers only a very short length of track aroundkd® includes only one curve in the middle,
and ends in the middle of another (the curves hanegind 2200m and 1300m radius
respectively). This length of route is not deematfigdent to run a full vehicle dynamics
analysis at this stage. This can be done laterinvkiP3 or WP4 if more data is made
available.

Figure 4.1 shows the characteristics of the datmeasured by the Spanish track recording
vehicle; this can be directly compared with plaisthe UK data (Figures 4.3 to 4.6).

Figure 4.2 gives a summary of the track quality peOm section. The selected Spanish
section appears to be of a better quality thansttected UK sections, both in vertical and
lateral direction; this is mainly due to the higliee-speed of the Spanish track.
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Network Rail supplied data for 4 routes:

« DCL 2100:

o Chester Line Jn 53mi 12ch to Leamington Spa Jn 1@6ch
« EMP 2100

o Ely North 71mi 63ch to Peterborough Jn 100mi 2ch
e« BML1 1100

o Northam Short Jn 77mi 68ch to Basingstoke Jn 47Zoh5

« LEC2to LECH5
0 Nuneaton 87mi 10ch to Crewe 158mi Och

Figure 4.3, Figure 4.4, Figure 4.5 and Figure fh6ws the characteristics plotted against
distance for the 4 routes. Figure 4.7, Figure Bigure 4.9 and Figure 4.10 show the quality
distribution per 200m sections. Figure 4.11, Figlr®2, Figure 4.13, Figure 4.14 show the
radius, line-speed and cant excess/deficiencyiloligion along the routes. Note that the line-
speed is quoted in mph.

The following can be noted about the UK track data:

» The quality of the recording in places is unrekabhd cannot be used for simulation.
This happens when the speed of the measuremerdierelnops below approximately
40 km/h and the inertial measurement system doesvark properly. This can be
observed for example on DCL track around 65 kmroLBC around 50 km where the
signals drop to zero for a few kilometres. Someusation had to be shortened for this
reason.

* None of the selected track contains small or vemglsradius curves (below 600m),
except for one curve on EMP which has a radiusairad 350m. DCL has the widest
representation of curves while EMP contains thesfw

* For all tracks the lateral alignment is generaliyadetter quality than the horizontal
profile. Most routes have a few 200m-sections witktical track quality below ‘very
poor’ (as defined in the UK’s track standard RT50Pdble 7), but the majority of the
routes are within acceptable limits.

For simulation purposes it was decided to use tGé Dack from 0 km to around 65 km from
which point the signal becomes unreliable. Adddiloruns were also performed on the entire
length of EMP.
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Figure 4.6: UK track data LEC — curvature, cross leel and line-speed (top), lateral
alignment and gauge (middle), top left and right (bbttom)
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Figure 4.7: UK track data DCL — quality distributio n per 200m for mean top (left) and
alignment (right).
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Figure 4.8: UK track data EMP — quality distributio n per 200 m for mean top (left) and
alignment (right).
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Figure 4.9: UK track data BML — quality distributio n per 200 m for mean top (left) and
alignment (right).

Deliverable D2.4 PU - Final



USTRAIL

Page 24 of 89
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Figure 4.11: UK track data DCL — line-speed (uppeteft), curve radius (right) and cant
deficiency/excess (lower-left) distribution.
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Figure 4.12: UK track data EMP — line-speed (uppeteft), curve radius (right) and cant
deficiency/excess (lower-left) distribution.
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Figure 4.13: UK track data BML — line-speed (upperieft), curve radius (right) and cant
deficiency/excess (lower-left) distribution.
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Figure 4.14: UK track data LEC - line-speed (uppeteft), curve radius (right) and cant
deficiency/excess (lower-left) distribution.

4.2.3Bulgaria

No data was supplied for the Bulgarian network. 8ations carried out on other networks
could be used to extrapolate the results to theimgnconditions of the Bulgarian routes. This
will be possible when Bulgarian data on track gyadind layout is made available at a later
date during the project.

4.3 Vehicle dynamics simulation and methodology

For the purpose of establishing limits and desigec#ication for the freight vehicle to be
developed in SUSTRAIL (in later activities in WP8)is necessary to understand the current
characteristic behaviour of common freight vehicl@®e quantities of interest can be
categorised in terms of the damage they may prodsiaeell as their associated ride quality.
Damage has a direct impact on cost of operatiotevthe ride quality may produce indirect
costs related to damaged goods or safety aspects:

« Damage track geometrical deterioration (ballast settlamand horizontal level,
alignment and buckling), rail surface damage (wealling contact fatigue — RCF)
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and track components damage (sleeper crackingpaail deterioration, rail fatigue,
fastening deterioration).

* Ride quality vertical lateral and longitudinal accelerationxperienced by the goods
transported.

Various models exist to quantify in engineeringmersome of the aspects listed above.
Engineering terms means that the damage producedeceeasured, e.g. a number of mm of
material remove on the rail surface per km or p&TMillion Gross Tonne of traffic over

the line), a number of mm vertical settlement paruan or per MGT. The models are either
straightforward analytical calculations, or are dzth®n the post-processing of the outputs

from vehicle dynamics simulations. In terms of dgmdhe quantities of interest may be
summarised as:

* Track vertical deterioration:

o Ride force coefficientand constant— obtained from simulation and quantifies
a vehicle’s attenuation of the vertical forces ioglh by track roughness (at a
specific speed). It is defined to be the parameatéthe linear regression that
best fits results for the dependence of verticahadyic force on track
roughness (see Section 4.4.1.1 for details).

o P2 force— obtained from analytical calculation. This isestimate of the high
frequency forces occurring at the wheel-rail conteen a wheel passes over

a rail joint. It is mainly dependent on the axlesprung mass and the vehicle
speed.

o Ballast settlement— obtained from simulation. A large number of maedexist
in the literature, they all consider the wheel dusdatic (Qgst) and or dynamic
(Qmax) vertical load, often raised to a power akéh (ORE studies [71]).
Some models also consider the vertical acceleraiforail or sleeper (Sato

[72]).
e Rail surface damage:

0 Wear — obtained from simulation. This uses the work dbypéhe forces in the
contact, calculated by multiplying the creep fortssthe creepages in the
lateral and longitudinal directions to obtairy. TThis may be further post-
processed considering the coefficient of frictiomd &he contact area (e.g.
Archard wear model).

0 RCF - obtained from simulation. This uses the dutput defined above and
applies a filter so that the combined effect of meaad RCF is considered. The
filter has been developed and validated for UK Kraonditions and is used

within the tool called Whole Life Rail Model (WLRMAIso referred to as
weighted-Ty.

* Track lateral deterioration:

o Lateral track shifting force - obtained from simulation. This BYmax, sum of
the axle lateral guiding forces low-pass filterée@@Hz and processed through
a 2m sliding mean so that any damaging force igired to be sustained over
a distance of 2 meters to take effect. There ima (XYmax,lim) specified in

the standard EN14363 that is based on Prud’hommerk [88] and defined
as
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e YYmax,lim = k.(10 + 2Q/3) in kKN

where the constant; k= 1 for locomotives, power cars, multiple unitsdan
passenger coaches ar%k 0.85 for freight wagons andy@ the static vertical
force.

* Track component damage:

o Combined vertical and lateral force — obtained from simulation. The
suggested damage parameters are Bqst (quasi-saticBmax (dynamic);
these combine the effect of the vertical and latéoece at the wheel-rail
contact. These forces influence the bending stsegb¢he outer rail in plain
curves. They are defined as

* Bgst=Ygst + 0.83 Qgst
e Bmax =Ymax + 0.92 Qmax

where Y and Q are the lateral and vertical wheeldaespectively, usually of
interest is the contact of the leading wheel onhigh rail. Indices ‘gst’ and
‘max’ stand for quasi-static and maximum force extjely.

These values are included in the latest draft oL4£363 and some limit values
have been suggested, but are not currently in fofbese parameters are also
expected to reflect the fatigue damage experiermedhe rest of the track

components, i.e. sleepers, pads and fastening.

In terms of ride quality, the quantities of intdrase:
* Running safety criteria:

o0 XYmax, (Y/Q)max — these are the sum of the axle lateral forceghfést on
leading axle usually) and the derailment coeffitidafined by the ratio of
lateral by vertical force at any wheel; the quaeditare obtained from
measurement or simulation. These are used for geesament of the risk to
derailment.

* Vibration behaviour:

o Car body lateral and vertical acceleration— obtained from simulation. These
are the acceleration of the car body generally nredsat both ends above
leading and trailing bogies. They are directly oterest for SUSTRAIL
objectives as they offer a direct comparison of dhality of the ride for the
goods transported.

The methodology used in Task 2.4.1 was to set uperes of Vampire® dynamics
simulations using the chosen representative freighicle model and one or more of the
available tracks to produce the quantities listbdva. The schematic of the process is
presented in Figure 4.15. The initial parameteas Were studied were:

e The increase of speed from 120 to 140km/h
* Various axle loads (tare-5t, part-laden-11t aneétagOt)
* The quality of the track (adding a factor for tragktical and lateral irregularities)

* Lower unsprung mass (20% reduction)
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Speedkm/h  Axleloading
(V120,Vv140) (5t 11t, 201)

Damage mechanisms
& models:
System -
D);mage 1) Rail Surface
track input - X X X & - Ty, wear
(UK, DCL): Vehicle Dynamics Simulation Base Cases Costs!
o, k.’(Ay, Az, . ) 2) Track Vertical
x|, Gg) - MENININE - Rfcc, P2, Settlement
v (I
perm 2 3) Track Lateral
— EEEEE - Prud’homme
o vehicle model:
BS113a Y33 flat container wagon 4) Track components
worn = f(R), - peak, mean V+L Force
P8new 1 Safety & Ride Performance
(worn) Assessment
) / ly © EN14363ride test criteria:
// /-/"":"'We : . ‘ Running safety ‘ ‘ - max. sum of guiding forces XY, . -
NoATH I N - maximum quotient (Y/Q) ..
c | i b - moving rms of guiding forces
| b2h A
Vibration | - quasistatic acceleration in vehicle body -f?sr .
. - maximum accelerations in vehicle body Y max+ Zmax
mesnme | behaviour

- root mean square of accelerations in vehicle body ¥ s, Zms

Figure 4.15: Simulation process for the assessmaeuitvehicle performance requirements

The data produced will then need to be translatgrdost linking with activities in WP5. For
this purpose it is suggested that every damage amesth may impact on a specific
maintenance or renewal activities as shown in thag&rirmin Figure 4.16. The matrix can be
populated with zeros whenever there is no link éacior between 0 and 1 so that the total
effect for one maintenance/renewable activitiegsakto account the damage mechanisms in
their correct proportion. Note that Figure 4.1®idy a starting draft and this will have to be
developed during the course of the project witheogbartners, mainly based on information
available from infrastructure managers.
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Damage Model and Influence Factors (3<=1)
RAIL SURFACE LATERAL TRACK COMPONENTS
pension design pension design pension design Axleload pension design pension design pension design
Axleload Axleload Axleload Un-sprung mass Axleload Axleload Axleload
W/R profile W/R profile Un-sprung mass Un-sprung mass Un-sprung mass Un-sprung mass
Friction levels Friction levels BE - P2 Forces T ] W/R Profile
E— - Pl . 7 i friction level
[ P2 I =
: H\_f ~ |/ ] i
R T | A ety
Damage 1. Ty 2. Wear 3. Vert Ride Force 5. Ballast Settlemt 7. Comp. Fatigue
Type/Indicators /m) (mm?/1000axles) Fayn SD (kN) <20hz Fmax (kN) <20Hz V+L Fmax (kN) <20Hz
Vampire simulation creepages (x, y, spin) | creepages (x, y, spin) Axle Force (z) No -> analytical only Axle Force (z) Axle Force (y) - Zymax high rail
required outputs creep forces (x, y, spin)|creep forces (x, y, spin)| or high rail Force (z) rail or sleeper combined forces (y,z)
in curves acceleration (z)
Rail Maintenace & Renewal
Wear (sidecut & headlo X ‘ 0.9 X X X X X
Plastic flow 0.5 ‘ 0.1 X 0.4 X X X
RCF initiation 0.9 X X X X X
RCF propagation 0.5 X X X X X 0.3
Corrugation 0.5 X X 0.3 X X X
Shelling/Spalling X X X X X X X
Bolt hole crack/elongati X X X 0.9 X X X
1BJ X X X 0.4 X X 0.4
Support Maintenace & Renewal
pads X X 0.9 X X X
Fastening/Clips X X X X 0.9 X 0.9
ballast deterioration X X 0.9 X X X X
Sleeper degradation X X 0.2 0.2 X X 0.5
Geometry degradation
Lateral alignment X X X | X 0.1 0.7 0.1
Vertical alignment X X 0.9
Gauge X X X | X 0.1 0.7 0.1

Figure 4.16: Damage mechanisms — maintenance acties matrix (for illustration, to be
developed)

A tool developed in the UK that is also used irs fioject and is jointly owned by RSSB and
Network Rail is VTSIM. It combines several damaged asimulation tools such as
MiniMarpas, Whole Life Rail Model (WLRM) and Vampi® and a costing database.
Network Rail has been using VSTIM to carry out gas cost analysis for future traffic
scenarios. They are presented in D2.5 [89] andheseesults from the Vampire® simulations
presented here.

4.4 Outputs and analysis

The section contains some initial analysis of VaeiPi simulation output post-processed
according to several damage models. This allowmidef the current freight traffic damage
envelop against which any other technology improsetmade in WP3 and WP4 can be
compared.

4.4.1Vertical damage

4.4.1.1 Ride Force Coefficient and Constant (RFCC)

The Ride Force Coefficient calculation is used dargify the dynamic behaviour of a vehicle
as a function of the quality of the track it runs & is produced by running a model over a
track of varying vertical quality. This was doneéeising three tracks from the Vampire®
library used for that purpose: track 110, track 82d track 140 where the number refers to
the track line-speed. Additionally this was alsmél@n the UK DCL route for comparison.
The standard deviation of the total vertical axdad is averaged every 200m and plotted
against the standard deviation of the correspondentical top level of the track (‘track SD’),
Figure 4.17. A first-order linear regression isfpaned on the data and two parameters are
obtained: the slope; and the intercept at zer&t&i2. The RF constant is considered to be the
dynamic force contribution for low values of tra8k, while the RF coefficient indicates how
the dynamic forces are expected to rise as thetguélthe track worsens. VTSIM uses these
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two values to predict the level of vertical trackgdadation; however from experience at
MMU, this factor has practically no effect on thestresults obtained.

Ride Force Coefficients
30 —r T T T T T T 1

L] SR S . s R S -

y=1 314945 53481
R A A AR s A S proeee .

Wehicle Response SD (kN/axle)
o

0 1 2 3 4 5 6 T 8 9 10
Track SD {mm)
Figure 4.17: Example of a Ride Force Coefficient ¢eulation results from Vampire®
results

Figure 4.18 shows the dynamic force obtained faraak SD of 2mm, comparing the
passenger vehicle with the freight vehicle at wasiaxle loads, and for two speeds (120 and
140kph). The following are observed:

* The passenger vehicle shows much lower dynamicfades (down by 65% at 14t
equivalent at 120kph),

* Increasing the speed gives rise to a significacreimse of the dynamic forces, more so
for the passenger vehicle (37%), followed by the-[zalen freight (28%), then the
freight tare (16%), and laden freight (8%).

* Lowering the unsprung mass by 20% gives benefitseldycing the dynamics force
by up to 8% in the case of the tare load. The adegnis not observable for high
payloads.

5 RF Coefficient 16 4| Force at 2, track SD I*
14
—4—120kph (Track160) -
4 X 1 /< —+=—120kph (Track160)
——140kph (Track160) v ad
10 - —— 140kph (Track160)
=3 _
E 120kph (DCL) E 3 N
= x ph (DCL)
g, —=140kph {DCL) 6
e 140kph {DCL)
—f—Passenger Laden 4
1 120kph (DCL) X
i Passenger Laden 2 Passeng?r Laden
140kph {DCL) 120kph (DCL)
0 ‘ Axle load (t) . : 0 T ‘ Passenger Laden
0 10 20 140kph (DCL)
0 10 20 30
Axle load (t)

Figure 4.18: Comparison for different track and sped for RFC (left) and Force at 2mm
track SD (right)

For more detailed analysis, refer to Deliverabe 2.

Comments on further workAs shown, the dynamic force for a specific tr&R may be
estimated from the RFCC. Knowing the vertical gyadiistribution of the target SUSTRAIL
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route, as shown in section 4.2.2 - Figures 4.7 .i® 4or UK, it is possible to make a
reasonable estimate of the dynamic force represemtaf the entire route, or subsections
thereof. This is an indicator that has been usestudies in the UK for freight banding and
access charges for example. An absolute evaluafioast is not easily done without reliable
data but this type of analysis will be useful fongparing the design technology developed or
proposed in WP3 against current traffic.

4.4.1.2 P2 force

The calculation of P2 force is given in UK traclarsiard GM/TT0088, “Permissible Track
Forces for Railway Vehicles”. The equation is rejuced below.The standard specifies a
limit value of 322kN per wheel based on tests edrout in the 1960’sn a class 55 Deltic
locomotive. Work from Jenkins and BR [90] suggestwaer limit as the speed reduces from
100 mph (160 kph) to 60 mph (96 kph) with a redubetdt value of 250 kN. The larger
permissible value for higher speeds is a conseguehthe track being maintained to a higher
standard.

1= maximum static wheel load (N}
Pz =Q + (AzVn.M.CK) Wi = maximum normal operating speed (mi's)
where M, = effective vertical unsprung mass per wheel (kg)
m, 17 A, = 0.020 rad
M= MM | (total angle of vertical ramp discontinuity)
M:=245 kg
n.C, (effective vertical rail mass per wheel)
c=1 C, = 55.4 x 10° Ns/m
A[K (M, + M, )% (effective vertical rail damping rate per wheel)
k=(k. m )" K. = 62.0 x 10° Nim

(effective vertical rail stiffness per wheel)

Calculations (details to be found in D 2.5.1) haliewn that:

* Freight vehicles generally have a lower unsprungamthan a modern passenger
multiple unit (MU) and therefore lower P2 forces.

* A laden freight vehicle (20t axle load) with a l1itsprung mass has the same P2
force as a crush laden MU (14t axle load) with& @insprung mass.

* Freight vehicles that are part-laden (11t axle Joaud tare (5t axle load) will give
25% and 40% lower P2 forces than the passengeclgghespectively.

* Increasing the speed from 120 to 140 kph givestosan increased P2 force: 10%
(passenger and part-laden freight), 8% (ladenlitg@nd 13% (tare freight).

* Reducing the unsprung mass by 20% (if achievabde) a@low running a freight
vehicle at increased speed (from 120 to 140 kphiht® same P2 force.

Comments on further workl his straightforward calculation allows a fastrgmarison of the
likely vertical damage of various suspension anghing gear designs for the SUSTRAIL
vehicle. The results can be compared to existiegtsl
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4.4.1.3 Settlement

Vertical settlement is attributable to the totaltial force associated with the wheel-rall
contact. Work carried out at KTH for Trafikverkead®d on models proposed by Oberg et al.
[91] shows that the total force can be split inbwesal components as per equation (1), in
which Qr is the static wheel load, Qc the quadictzontribution (changing in curves with
non-compensated accelerations), Qd20Hz, dynamidribation below 20Hz, and Qdhf
dynamic contribution in the range 20-90Hz.

Qtot = @r +1Qc] + Qazonz + Qany

(1)

Based on KTH’s preliminary analysis [92] of Qtotingsa Y25 series freight model, the
following can be said:

* The main influence factor is the vehicle axle lotwt larger this is the more vertical
damage there is.

o Tare vehicles provide very little damage in comgamiwith laden wagons

o Part-laden vehicles give a small proportion of dgenaompared to fully laden
wagons.

» There is little influence from speed (2%) for ax2iehicle with 20 kph increase.

e There is hardly any influence from the unsprung sn@&5% increase with 10%
increased unsprung mass).

» Track quality has a significant influence on Qtot.

e Suspension design has the greatest influence dn Qto

Comments on further workMore detailed analysis from the specific SUSTRAdutes will
be carried out using the Vampire® software to me@d20hz.

4.4.2Tangential or surface damage (RCF and wear)

Some initial analysis of RCF damage generated femweral Y-series freight vehicle at
different axle loads have been compared to a daddn passenger multiple unit (MU) on the
UK DCL route. Figure 4.19 shows how the level oimdae on a plot varies with axle load.
This includes two speeds - 120 and 140 kph. Thesgmager vehicle damage can be
significantly improved by increasing the operatirant deficiency, which is not as evident
from the Y-series vehicles, especially once loadHus is because of their poor curving
abilities. Part-laden freight appears to be as d@mgaas, or more damaging than the MU
vehicle.
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Figure 4.19: RCF damage for benchmark vehicles angassenger MU

4.4.3Component damage

Component damage can be estimated from a comhbmafithe vertical and lateral wheel

load. The main driver is vehicle axle load and ti@st damaging vehicles are laden freight.
On the other hand, the tare vehicles in curves shoar riding performance and thus
increased dynamic lateral forces. More resultpagsented in D2.5 [89].

4.4.4Ride quality

Ride quality of the existing benchmark vehicle déinel proposed SUSTRAIL vehicle will be
compared using EN14363 requirements for vehiclengs
4.5 Establish limits for acceptable ride quality

» It is suggested that the SUSTRAIL vehicle presantsorst the same or better safety
and damage criteria than the benchmark vehicle® @&ies); This will be assessed
using all criteria listed in section 4.3 on speciBUSTRAIL routes, comparing the
results from the SUSTRAIL vehicle to the benchmaeéhicle results presented in
section 4.3 and compared with standard limit valodsN14363.

e It is suggested that the SUSTRAIL vehicle presattsvorst the same or better
acceleration levels of the cargo (measured abogespat 140kph in comparison with
the benchmark Y series vehicles at 120kph.

4.6 Design specification

The suspension and running gear for the freighiclelof the future should provide for a
reduction in damage to the rail and track in teafnthe following damage mechanisms:

« Derailment possibility (predicted by lateral/vedidorces)

« Track vertical settlement (evaluated from prediatedical wheel-rail forces)
* Rail damage (wear and rolling contact fatigue predi from ‘Tgamma’)

» Lateral force (compared with the ‘Prud’Homme’ lijnit
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All of these must meet all vehicle acceptance stedgl (e.g. EN14363) at the loads and
speeds proposed and must be the same or bettehthai25 benchmark vehicle at 120km/h.

The work so far has indicated that:

« lowering the unsprung mass by 20% allows increagiegspeed from 120 to 140 kph
while maintaining an equivalent level of verticalndage (from P2 calculations);

* Lowering the level of track SD by 20% leads to @uation of the peak dynamic force
contribution by up to 14% (tare) and 5% (part Igd&o improvement is observed for
the laden condition.

* Maintaining a low axle load will significantly canthute to maintaining acceptable
ride quality and low damage properties. Studiegepresentative UK traffic (RSSB
project T889) has shown a large proportion of coeta transported (40% of traffic)
weighed between 9t and 13t and another 40% of rmrsawere empty or nearly
empty. This is equivalent to an axle load in thegea15-19t (1t depending on bogie
design).
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5. SUBTASK 2.4.2— BRAKES

5.1 Introduction

This chapter describes the requirements for theldpment of a combined wheel-slide and
brake control system with comprehensive diagnogitctionality for modern, innovative
freight cars. Special attention is paid to the @ase of efficiency in goods traffic through a
more effective use of existing resources and implaation of modern technologies in the
entire vehicle sector. These long-term aims shaldd be considered while designing and
developing the brake system. These are:

* increase of the vehicle speeds to 120/140 km/h;
* high axle loads of 22.5t;
» adaptation of the performance data of tractiontzna#ting to the passenger car level;

* increase of the maintenance interval through highBM (Mean Time Between
Failure) values, at the same time reducing the teaance effort;

* minimizing the wear, in order to optimize LCC;

» high interoperability for application in differestates and systems.
The present specification is part of project SUSTIRAnd gives the specifications required
according to Sub-Task 2.4.2.
5.2 Definition of the “Safe Condition”

In general “safe condition” describes a conditiowthich a system drops back in case of an
error or the condition which the system generateshis case in order to avoid further
damages or risks.

In the present project, a modern brake systenréaglit car applications, the safe condition is
generally defined as the condition “Braking”. Inder to comply with the high demands
regarding functional and technical safety, wherprapriate, crucial elements of the system
should incorporate redundant design features.

5.3Norms and standards

The complete system has to be tested accordirngeteeyuirement of the following norms:

* type test according to EN 50155 with vibration tésmperature test in the climate
chamber and isolation test;

« EMC test according to EN 50121-2-3 with measuremeitinterfering voltage
according to EN 55011 and measurement of intedeiiglds according to EN 55011
and EN 50155;

« EMC test according to EN 50121-2-3 with measurenwninterference resistance
according to the norms from IEC 1000-4-2 to IEC1@66 and 50155;

« software development according to EN 50128;

e proof of safety and reliability according to EN 281 and EN 50129, where
applicable.
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The system has to be designed in accordance wateqtion class IP65 which describes the
solidness of the system against ingress of water.

5.4 System overview

5.4.1Vehicle composition

Project SUSTRAIL develops solutions in modern freigraffic in the near future. In
particular, within the scope of this project, sauos for a freight car for the transport of
containers are to be elaborated. This refers & avith 2 bogies and 4 axles in total.

5.4.2Build-up of the brake system

The system applied for this project must contaimaovative, forward-looking brake system.
This brake system must be designed in such a vedyittbonsiders the environment, reduces
noise emission, allows higher speed (140 km/h)uged maintenance and overhaul costs,
increases availability of the system and last mitl@ast improves effectiveness. For such an
innovative brake system a modern electronic distobvalve combined with a wheel-slide
protection system has to come into consideratiam. & higher availability and safety the
brake control unit and the WSP system should baraggd through separate components.
Moreover, crucial functional units of the brake tohshould be redundantly designed for the
same reason.

The specification of the brake system is thus diglichto the four following sectors:
« vehicle components such as bogie and brake equipaieneservoirs, etc.;

* brake control, controller and pneumatic compondatsthe activation of the brake
cylinder;

» wheel-slide protection with axle rotation speed sueament and dump valves;

* independent and reliable power supply for the admtevices in the vehicles with axle
generator and battery pack. It is known that tleeght car has no on-board power
supply. Therefore it is important to design alse plower supply like axle generator or
similar.

5.4.3Brake calculation

Within the scope of this development a brake catowh for the existing vehicle has to be
carried out. For this calculation the following o@éng conditions have to be taken into
consideration:

* |oad conditions: due to the fact that we cannot é&a®ry mass condition between
empty and 100% load, it is considered that it sthdnd tested in the empty, 50% load
and 100% load,;

+ wheel diameter: new and worn;

» operational speeds: it is important to make thesaltest with different speed range, in
order to test and monitor the brake distances. efbe, it should be considered to
carry out the tests with the speed ranges of 60130 and 140 km/h;

» operational states: in order to test the brakespresdevelopment in the brake cylinder
and the air consumption in the system, it is nergs® carry out tests in emergency
conditions and in service brake.
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5.5Vehicle components

The present chapter defines the requirements reggatbe vehicle equipment, in order to

achieve the required functional and safety-relaiets in accordance with UIC and EN norms
which are very important to achieve the final appis. Detailed requirements regarding the
individual controls for the brake and the wheetlslprotection will follow in chapters 5.6 and

5.7 of the present document.

5.5.1Bogies

The known and proven two-axle bogies of the typ®& Wil be used for the existing container
wagon. The bogies are UIC approved and are availalthe market in their current designs.
For increased requirements designs for applicaticdBS-capable vehicles (with reference to
UIC bulletin 541-04) and for speeds of up to 140/lkkrare available. The following basic

conditions have to be fulfilled:

e speed range of up to 120 km/h, or up to 140 kmidmagption;
« axle load 22.5t;

e wheel diameter new: 920 mm in accordance with gohriical requirements “bogie
parts”;

» rotating mass still to be defined;

» total weight of the bogie to be defined.

Figure 5.1: Bogie Y25
5.5.2Brake disks and brake pads

The existing cast tread brakes cause a rough sudiawheelsets. This again contributes to a
high noise emission of the vehicle which is notahle for a future, modern and innovative
wagon type. A K-tread brake would help to avoidgiosurface of wheelsets, but they are not
suitable for a speed of up to 140 km/h. The diskkeéris a solution which has been used in
passenger cars for a long time and which givesrg geod result with regard to noise
emission and brake characteristic. The applicatbvehicles in various areas should be
considered. For these areas different uphill graale$ downhill grades (e. g. Gotthardt,
Switzerland) should be observed. Especially withard to downhill grades, it has to be
safeguarded that in case of continuous operatidheoflisks during braking, the disks do not
overheat and that the thermal characteristic isaxaeeded. These conditions have to be
considered in the brake calculation. Depending loa lbrake calculation and the heat
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characteristic of the disk, one or two disks pde ahould be considered. The disks and the
brake pads used are to be designed according tor#ke calculation and the requirements
according to references [58] to [61].

5.5.3Brake cylinder

For the present project the brake cylinders andkebrgverage have to be selected in
accordance with the disk brake device applied.thkigrpurpose, one brake cylinder has to be
used for each brake disk. An 8" to 10" brake cwinds required for the application. In
combination with the brake calculation the siz¢haf brake cylinder will be determined.

5.5.4Supply air reservoir

For the local storage of the main brake pipe presand the brake cylinder pressure resulting
from it, one or more pressure reservoirs are tmsilled according to the air consumption of
the vehicle which can be fed by the main brake @péd which are protected against
exhaustion by a check valve. The total volume toirisalled should be 90 litres as a
minimum to overcome the exhaustion of the brake.

5.5.5Braking of the Load

For the detection of the load condition two weighwealves in accordance with applicable
norm UIC 541-04 type 1 and task 3.4 “condition ntomng” are to be installed (one per
bogie of the vehicle).

5.5.6Control elements

If possible, the freight cars should be ready feeration without special measures. In order to
reach this target, the usual control elements shalsb be applied here. These are as follows:

* “pbrake on/ off’ lever;

* release valve drag-bar which is necessary to mel#as brake if the distributor is
overloaded;

* G/P lever, used to switch between freight car m@leand passenger car mode (P)
depending on the brake distribution in the entma&nt in accordance with UIC
requirements (as described in section 6.2) the Ideneent of the brake cylinder
pressure in the G and P positions is differentnéians that this development in P
position is much shorter than in G position.

+ Brake indicator.

Apart from the above-mentioned elements furthertrobelements might become necessary,
e.g. for diagnosis purposes or within the scopeanf optimized maintenance. Such
components can also be specified in task 3.4.

5.6 Brake control

The brake control detects a brake demand triggeyetie driver and reduces the main brake
pipe pressure causing the subsequent activatidheobrake cylinder. Project SUSTRAIL
focuses on developing a system that is simple &®ttve to maintain; this can only be
reached by using a control with a high degree tdlligence and, above all, the ability for
self-test in accordance with task 3.4 “conditionnibaring”. For this reason the brake control
design specified as follows has to be implemented.
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5.6.1Electro pneumatic control (Electronic Distributor)

An electro pneumatic control should calculate amd the brake cylinder pressure in
connection with the brake pipe pressure and theahdbad measurement. Apart from the
mentioned, basic functions, this control shouldilftihe entire functionality according to the
UIC as in references [58] to [61]. Moreover, it sltb contain comprehensive diagnosis
functions which are characteristic for a modernticdnin accordance with 3.4 “condition
monitoring”. It should be possible to monitor th@rect functioning of all components of the
brake control permanently and without external rexteon and thus to identify possible
failures and to announce them. The diagnosis fandtitegrated into the brake control forms
the basis for an effective maintenance and a mose-aptimized operation. With today’s
composition of the wagons and the availabilityltd brake in the entire train this takes hours
before departure. It is important for a future-otesl and innovative brake system to reduce
this brake test time. Therefore, it makes sengwdpare the brake system for SUSTRAIL for
the future testability of the brake system in thére train automatically.

5.6.2Pneumatic backup system

By the use of an electronic brake control in combon with the existing increased

requirements with regard to maintenance intervatstae failure tolerance of the system, the
integration of a redundant, merely pneumatic backygtem is mandatory. Therefore, the
system to be implemented needs to be able to tedetloe main functions in the brake sector
automatically, in case that the electronic confiadk. In this way, not only double safety in a
major part of brake control should be achieved, dutthe other hand an extension of the
maintenance intervals and thus the reduction ofatjpmal costs of the vehicle should be
obtained.

5.6.3Mechanical design

The entire brake control should be implemented esnapact unit with a protection class of
IP 67. The device should be suitable for the ugmted application on the car body of the
freight car.

Furthermore, special attention should be giveméomaintainability of the control. In order to
achieve minimum immobilization times due to a nsaeg maintenance, the control as such
should be easily removable and a replacement haiild easily be fitted.

A joint mechanical design with a wheel-slide prditat control according to chapter 5.7 is
admissible.

5.7 Wheel-slide protection

The existing brake system in freight cars can cawbeel flats and thus damage the

mechanics of the vehicle — and also the rail. Tdraaval of these wheel flats incurs high

costs. Due to the high speeds which should be asthiby the vehicle and the (probable)

reduced stopping distances, avoiding flats on theels and minimizing the wear of the

wheelsets using a modern, electronic wheel-slidéeption system is recommended as part of
the brake system.

A wheel-slide protection control should be impleteehaxle-wise, in order to reach optimum
performance. A wheel-slide protection system whighcompletely independent from the
brake control as described in chapter 5.6 is pregdsr safety-related reasons.
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5.7.1Speed measurement

In order to detect a sliding state the axle rotatd each axle needs to be recorded. For this
purpose, one phonic wheel with one speed sensdsriede installed on each axle. Standard
speed sensors with rectangular output should bd. id&e phonic wheels should have 80

teeth at module 2 which is commonly used in passeongrs. The 80 teeth are necessary to
achieve high accuracy in the calculation of the \@hicle speeds.

5.7.2Wheel-slide protection control

An electronic control should be used to detect akke rotation, to calculate the vehicle
reference speed The accuracy of the reference speay important to have a very good
knowledge of the sliding axles. A measurement efsheed over ground would give a very
high accuracy of the existing speed of the waganshiould be considered whether a
measuring system like laser or similar in low cestsion could be identified. In operational
states in which the vehicle starts to slide thistem should be able to adapt the actual brake
force axle-wise via the dump valves, in order thieee optimum brake performance and a
minimum wear at different adhesion values betwadrand wheel.

The functionality of the system has to fulfil thequirements according to the UIC541.
Moreover, it should contain comprehensive diagnasistions which are characteristic for a
modern control in accordance with task 3.4 “cowditmonitoring”. It should be possible to
monitor the correct functioning of all componentstioe brake control permanently and
without external interaction and thus to identifyspible failures and to announce them. The
diagnosis function integrated into the wheel-slg®tection system forms the basis for
effective maintenance and a more cost-optimizedabio®.

5.7.3Dump valves

In case that the wheel-slide protection controkdest an excessive slip of one of the vehicle
axles, the brake force at this axle needs to becesti For this purpose, dump valves
customary for railway applications which can fulfiis task are to be used. The connecting
pipe should have the same or greater diametereasadiminal diameter of the dump valve.

Most of the dump valves have a nominal exhaustiagdter of about 12 mm. Therefore, a
value of 1/2" is to be determined as connectingngi@r. The dump valves should be

mounted on the body of the car near the brake dstirin order to achieve very short

exhausting times..

5.7.4Mechanical design
The entire wheel-slide protection control shoulditmplemented as a compact unit with a

protection class of IP 67. The device should b&abie for the unprotected application on the
car body of the freight car.

Furthermore, special attention should be giveméomaintainability of the control. In order to
achieve minimum immobilization times due to a nsaeg maintenance, the control as such
should be easily removable and a replacement haiild easily be fitted.

A joint mechanical design with the brake contra@ding to chapter 5.6 is admissible.

5.8 Power supply

The brake system and wheel-slide protection syskspend on a reliable power supply. In the
case of a freight wagon without a permanent powpply the power could be generated by
an axle generator. An external connection for poswgwply should be provided for as an
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option. However, all electrical components haveb optimized with regard to power
consumption and need to incorporate intelligent gromanagement. This is also mandatory
from an ecological perspective.

5.8.1Axle generator

For an independent power supply of the vehicleagoayenerator has to be designed. In the
present application this should be realized asxd® generator to be mounted on the axle
directly. The generator must have a minimum powepuat of 75W at a minimum speed of
60 km/h. The output voltage has to be determinesuich a way that the connected battery
pack can be charged with a nominal voltage of Wb@4V during driving mode. The
generator has to be equipped with a voltage stapilwhich limits the output voltage (which
is rotation speed dependent) to a maximum of 21 voltage can be lower in a lower speed
range. The 75W will be used during WSP system astionly. Therefore a power
consumption of 75W will only prevail for a maximuaf 1 minute. The innovative brake
system is optimized by a power management progsanthat a minimum consumption can
be reached.

5.8.2Backup battery

For freight cars no power supply of the entirertragt is available, so the power required for
the operation of the controls has to be generateally. This task is carried out by the axle

generator specified in chapter 5.8.1. However,emgrgy has to be stored, in order to

safeguard the required functionality when in operal states such as low speed or standstill.
For this purpose, a set of backup batteries hdmetmtegrated into the control or has to be
placed in an individual housing. In the latter ¢casechanical requirements comparable to
chapters 5.6.3 or 5.7.4 have to be fulfilled.

5.8.3Power management

Generally, power management is a crucial issuettisireason, a power management system
has to be developed and implemented. The use aivhiéable power resources is of special
importance for freight cars as they have no ondbdain power-supply voltage. The power
Is exclusively supplied by the axle generator dmgstvery limited. In order to safeguard a
long battery life, the capacity of the battery hase dimensioned in such a way that the
battery charge is sufficient for 24 hours. Thislwiklp in situations in which the train
composition and brake testing are carried out hbefsre departure.

5.9 Diagnosis functions

Apart from the basic functions described in chapters to 5.7, the brake system with
integrated wheel-slide protection system desigoedhiis purpose should also have extensive
diagnosis functions. This diagnosis functionaligyves the purpose to increase efficiency of
the maintenance works and to extend the maintenarieevals. The following chapter
specifies the core functions of the diagnosis systeproject SUSTRAIL.

5.9.1Ability for self-test

The ability for self-test should comprise all inpwnd outputs including the monitoring of
internal components such as the micro-controllarosundings of an electronic control.
Whenever possible, a validation of process datalldhbe carried out. Detected failures
should be classified according to their severitg #reir influence on the functioning of the
system and should be revealed subsequently andndiege on their classification —
immediately or within the scope of a later test.
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5.9.2PC service system

In order to further simplify maintenance, a PC-lobservice system should be integrated.
This system can easily furnish the relevant datganding a failure to the operator.
Furthermore, it should serve to download the opmmat data which can be used for
supporting service activities.

The service system should be run capable in colmmeatith the system software Microsoft
XP or higher version.

In order to connect a PC, both the brake contrditae wheel-slide protection system have to
dispose of a suitable service interface.

5.9.3Memory card interface

In order to be able to make extensive recordsdifidual process data or operational data on
a long-term basis, the brake system or the whedg-protection system need to dispose of an
optional memory card interface. The latter is dblstore important data also in case of larger
intervals between maintenance works and thus te gwportant indications of possible
problems and wear.

5.9.4GPS/GSM communication interface

When using intelligent systems, above all in corabon with long maintenance intervals it is
often difficult to receive the required data onadlure incident from the vehicle. The same
applies if for reasons of efficiency a needs basathtenance is desired and if updated data
on condition and wear of the vehicle is necessdhe system to be designed should therefore
offer the possibility to transmit the process datdailure information to a control centre via
wireless communication. An optimum GSM interfacs t@abe designed to suit this purpose.

When implementing this functionality it has to k&sared that the communication via GSM
interface does not influence the functionalitylod brake control or the wheel-slide protection
system.

As an additional option the GSM interface shouldespanded by a GPS function so that
service data can be complemented by positioningramétion which will further increase the
significance of the data. Thus an optimum tracéshif the vehicle fleet and a maximum
utilized capacity of the vehicles can be achieved.

5.10Safety requirements
5.10.1Preface

The complete system, both brake system and thelwshée protection, should be designed
for a safety-relevant environment. Wrong releashghe brakes is an example of a failure
which needs to be avoided.

Therefore, within the scope of the present devekgnproject safety targets and risk
assessments for the brake control function andhi@rfunction of the wheel-slide protection
have to be drawn up. All possible emergency scesdnave to be listed and classified
according to the classes given in chapter 5.10.2.

5.10.2Classification of the hazard level

The hazard levels are defined as follows along wighrequirements for safety and reliability
that apply to the present system:
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Hazard level O: The failure is_uncriticat is detected by self-test and has no major
outward effects.

A possible problem can be solved as a matter ofireuvithin the
scope of the next service.

Hazard level 1: The failure is little criticaind is detected by self-test. There is no risk
of personal injuries or major damages to property.

An MTBF value for operational time of 101.¢°h applies for this case.

Hazard level 2: The failure is criticdt may not be detected by self-test and thetkas
risk of individual personal injuries or major daneago property.

An MTBF value of 16h - 10'h applies.

Hazard level 3: The failure is_calamitous and stonéver happenlt may not be
detected by self-test and major personal injuriesconsiderable
damages to property are probable.

An MTBF value of 16h - 1¢h applies.

5.11Parameters

5.11.1Battery voltage

At present, most freight cars lack a power supphe choice of the system nominal voltage
and thus the nominal voltage of the battery pacdk lsa chosen freely. To standardise the

systems and peripheral components a nominal votibitiee battery of Ubatt=24Vdc could be
chosen for this system.

The charging connection of the axle generator lasd designed according to these
requirements; the same applies for the dimensioairige battery pack which may require a
series connection or a parallel connection of imtial cells.

5.11.2Admissible pressure of the main brake pipe
The entire system should be designed for a standard pipe pressure of up to 10 bar. The

regular operational pressure of a brake pipe isd@e 4 and 6 bar, however, in case of a
pressure surge a maximum pressure of 10 bar megelobed.

5.11.3Admissible brake cylinder pressure

The maximum admissible brake cylinder pressure midpeon the application and can
generally be taken from the brake calculation @& téspective vehicle. As a rule the brake
cylinder pressure should be in accordance with &4@n the references [58] to [61].

5.11.4Temperature range

The working temperature range of the entire brajstesn should be from -40°C to +70°C.
Forced cooling or heating of the system shouldvoédad where possible.
5.11.5Air pressure

All pneumatic components are to be designed famadard maximum working pressure of
10bar.
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5.11.6Air quality

All pneumatic components are designed for operatith an air quality which at least
complies with the requirements specified accordingDIN ISO 8573-1, class 3. The
requirements of pneumatic components in railwayliegions are operation with dry air. The
condition of dry air is specified in the above menéd DIN.
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6. SUBTASK 2.4.3 — ACCELERATION AND SPEED
REQUIREMENTS

6.1 Introduction

The objective of subtask 2.4.3 is the identificatmf the requirements for acceleration and
speed.

The increase of freight trains’ speed shall be dom¢he whole fleet; it has a low impact to
have some high speed freight trains. Having fretghihs run at a higher speed than today
will lead to a harmonisation of operation of freigind passenger traffic on mixed traffic
railways, thus reducing waiting times for goodsngport and improving the ability to
organize priorities.

6.2 Standards for acceleration and braking

Rules, regulations and standards for cargo exiatregtional as well as international level for
rail transport. The railway as a whole and eachvesi subsystem is regulated by standards
and specific TSI's defined by the UIC, EU, and layional regulations.

In Task 2.1 a summary of standards related to &gilwngineering in general and more
specific standards for vehicles and track was wsue

In the scope of Task 2.4, the potential technollgimprovements to the vehicle in order to
reach a higher speed (compared to today’s spedtkight trains) were analysed, always
taking into account the existing standards at Eraational level.

6.3Impacts of more intensive/faster operation on Jehienaintenance
requirements and infrastructure

Transport of freight at a higher speed increasaater@ance costs; this is mainly due to higher
forces, leading to a faster wear of tracks and Vghee

A study from UIC (“Operating high-speed lines camgymixed traffic: experience gained and
current trends”, 2001) [64] highlighted that opargtof goods trains on a high-speed line
(considering high speed above 250 km/h) might eseethe track maintenance costs by up to
20 or 25% as compared with a situation where the is used exclusively for passenger
traffic. Since these costs represent about 40%etdtal cost of fixed installations (tunnels,
bridges, formation, signalling, communications, tnvad equipment, power supply) the extra
cost attributable to operating mixed traffic woblel of the order of 10%.

As the SUSTRAIL selected routes are for mixed irafthe layout is designed based on
regional passenger train speeds and thereforehfréggrunning in cant excess in curves.
Increasing the speed from 120 kph to 140 kph osetHaes will bring freight closer to
balance speed or into cant deficiency.

It would not be possible to preserve the geomdtabaracteristics adequate for operating
high-speed trains, without incurring prohibitive intanance costs (UIC Report “Operating
high-speed lines carrying mixed traffic: experiegeéed and current trends”, 2001).

Increasing the speed in freight transport wouldumegadapting the existing infrastructure.
Moreover, signalling system would need to be adhpteorder to take into account increased
speeds of freight trains.
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6.4 Simulations on speed increase effects

Computer simulation is particularly important foratuating different railway improvement
strategies for a number of reasons (understandipgaity, highly interrelated infrastructure,
high cost of rail infrastructure).

Simulation is performed through the constructiora@hodel replicating the observed railway
operations with the existing infrastructure, rajlistock and schedule. Once the model has
been calibrated it can be used to investigate mesues including effects of speed increasing
or evaluating the impact of rolling stock changes.

In the scope of subtask 2.4.3, relevant to thetifileastion of the future vehicle performance
requirements, simulations have been performed deroto understand how the increase of
speed of freight trains (to 120 km/h and then t0 k#/h) would free additional paths on
selected routes.

In particular the Bulgarian route has been seletdedin simulations. This is mainly due to
the fact that the detailed data of this route hesnbmade available from WP 1, including
track profile, curves, gradients and speed linaissgletailed in paragraph 6.4.2.1.

The software OpenTrack has been used to performlaiions. A description of the tool,
including input data and output is described inftll®wing paragraphs.

6.4.10penTrack simulator tool

OpenTrack began in the mid-1990s as a researclkegbraf the Swiss Federal Institute of
Technology. The aim of the project, Object-Orientéallelling in Railways, was to develop a
user-friendly tool to answer questions about rajiwperations by simulation.

Today, the railway simulation tool OpenTrack is did®y railways, subways, the railway
supply industry, consultancies and universitiedifferent countries.

OpenTrack supports the following kinds of tasks:
» Determining the requirements for a railway netwsiikifrastructure;
* Analysing the capacity of lines and stations;
* Rolling-stock studies (for example future requirenseg

e Timetable construction, analysing the robustnesgimétables (single or multiple
simulation runs, Monte-Carlo simulation);

* Analysing various signalling systems, such as discblock systems, short blocks,
moving blocks, LZB, CBTC (communication-based traontrol), ETCS Level 1,
ETCS Level 2, ETCS Level 3;

* Analysing the effects of system failures (suchrdsastructure or train failures) and
delays;

» Calculation of power and energy consumption ohtssrvices;
* Simulation of Tram/Streetcar and Light Rail systems

* Simulation of Metro/Subway/Underground systems;

* Simulation of Maglev systems.

OpenTrack administers input data in three modubeswork (infrastructure), rolling stock
and timetable. Users enter input information irstheodules and then run the simulation.
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Figure 6.1: OpenTrack Process: Input — Simulation -Output

The simulation is carried out with the user definedut data: predefined trains move on
predefined track layout on the conditions of timeetiable data.

OpenTrack uses a mixed discrete/continuous sinomagirocess that calculates both the
continuous numerical solution of differential metieequations for the vehicles, and the
discrete processes of signal box states and dedtbdtions.

6.4.1.1 Input data

6.4.1.1.1 Network data

The track layout consists of a description of thggical infrastructure that is being simulated.
This includes actual infrastructure such as trasgneents (edges), signals, stations, etc., as
well as virtual elements such as vertices and sute
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Figure 6.2: Example of a station network
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6.4.1.1.2 Rolling-stock data

OpenTrack stores each locomotive’s technical charigtics, including tractive effort/speed
diagrams, load, length, adhesion factor, and p@ystems in a database. A simulated train
uses one or more locomotives from the databasdhegeith a number of passengers’ or
freight cars (carriages or wagons). Trainsets B@@ganized in a database.

6.4.1.1.3 Timetable data

Timetable data consists of information on the mosenof trains. This information includes
desired arrival and departure times, minimal stoye t and connections to other trains.

6.4.1.2 Simulation

The objective of the OpenTrack simulation procaskr the user-defined trains to fulfil the
user-defined timetable on the user-defined tragkida predefined trains run according to the
timetable on a railway network.

During the simulation, OpenTrack calculates traiavements under the constraints of the
signalling system and timetable (occupied tracks r@strictive signal aspects may impede a
train’s progress).

The user can watch the simulation in an animatiodenwhich shows the trains running and
lets the user analyse occupied tracks, reservetkstrand signal aspects. Moreover,
OpenTrack handles single simulation runs as wethakiple simulation runs where random
generators produce different initial delays anti@tedelays. The motion of trains is modelled
by the solution of the (continuous) differentialuatjon of motion combined with signal
information (discrete). The differential motion @djon calculates the train’s forward motion
based on the maximum possible acceleration perdteye(the acceleration rate is determined
using train performance and track layout data sashmaximum tractive effort, train
resistance, track gradient, track radius, segmeaximmum speed...). The train speed is
obtained using integration and the distance covesat reintegration.

6.4.1.3 Output data

After a simulation run, OpenTrack can analyse aisglay the resulting data in the form of

diagrams, train graphs, occupation diagrams ansteta. For a train, the software offers

diagrams such as acceleration vs. distance, speedistance, and obstructions. For a line,
there are evaluations in the form of diagrams ainhtmovements, route occupation and line
profiles. Every station produces output about é trains that used it, including arrival,

stopping and departure times.

In the following figures, some examples of typi@ygenTrack output are presented.
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Figure 6.3: Train diagram

[kmii]
1404

: 8 E

5 8% % 2 ERE

3 8

=

Station A
Station B
Stallon G
Station D
Statian E

Figure 6.4: Speed-distance profile

6.4.2The Bulgarian case study

As introduced before, the case study selectedifaulations in Subtask 2.4.3 is the Bulgarian
one. Bulgarian selected route is from Dimitrovgfado Kapikule for a total length of about
375 km. The traffic mix on this line is freight ampéssenger. The freight on this line is a
combination of local and international traffic. ownels are along this line.

Today freight traffic in Bulgaria has a typical éirspeed of 75 km/h apart from the section
between Parvomaj and Jabalkovo over which freighttcavel at up to 120 km/h.
6.4.2.1 Input data for simulation

6.4.2.1.1 Track

The line section selected has been split in mabgesttions, initially defined by the stations.
From one station to the following one, the tracks Heeen split into different uniform
subsections, each subsection having the same btd@sacs in terms of gradient and
curvature.
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Figure 6.5: Track Input Data

As shown in Figure 6.5, for each segment of thektthe length, radius, gradient and speed
has been set. The picture is the schematic regegsenof the simulated section.

6.4.2.1.2 Train

Characteristics of the trains used for simulatioarge been defined in OpenTrack.

The train length has been estimated as 500 m, wieleveight as 960 t.

Parameters have been inserted in the system asishdvigure 6.6, where also the diagram
used to define the traction effort linked to th#etent speeds is represented.
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Figure 6.6: Train Input Data
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6.4.2.2 Simulations on the Bulgarian route

Three different simulations have been run throlngh@penTrack simulator tool:
1. with actual speed limits of the selected line;
2. using a speed of 120 km/h (“conventional” SUSTRA#hicle);
3. using a speed of 140 km/h (“futuristic” SUSTRAILhrele).

The same vehicle has been used for simulation gegyoaverage resistive curve of the
vehicles have been used. Speeds along the linghaken from Figure 6.7 to Figure 6.9; the

figures underline speeds for each track sectiogurei 6.10 compares speeds of the three
simulations. The SUSTRAIL vehicle (particularly téwistic’ one) is intended to have better

traction/braking characteristics so improvementailddoe increased; those characteristics
will be detailed in the design phase.

For the simulation cases 2 and 3, the maximum spesgxctively of 120 km/h and 140 km/h,
has been set only in the sections where the cuspeed was already above 80 km/h (taking
into account today limits); in the other subsedioa lower speed has been set, considering
slopes and curves.

Near stations all speeds have been set to 50 km/h.
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Figure 6.7: Speed diagram with actual speed limits
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Figure 6.8: Speed diagram with maximum speed of 120n/h
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Figure 6.9: Speed diagram with maximum speed of 14dn/h
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Figure 6.10: Speed diagram comparing the three sintations
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All simulations have been run starting at the saime (8 a.m.); in this way the duration of
simulations can be easily compared.

6.4.2.3 Simulation outputs and conclusions

Outputs of the simulations consist in differentgiaans and text files.

The following figures show diagrams of acceleragiofor runs at different speeds; the last
diagram (Figure 6.14) compares accelerations ®difierent speeds along the line.

Acceleration has been set to a maximum value ofn@€}, which is already a quite high
figure for a freight train. As shown in the gragiedow, the value of 0.4 nf/és reached only

in some sections of the line; this is mainly dudhe quite small distance between stations
(where speed reduction is required due to sigriifety reasons).
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Figure 6.12: Acceleration diagram with maximum spee of 120 km/h
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Simulations using trains running at different spgeskdow that by increasing line-speed to 120
km/h the train arrives at the destination about baer before trains running at the actual
speed limit. By using 140 km/h the time “gained’aisout 10 minutes compared to the train
running at 120 km/h. This is mainly because theedpef 120 km/h is reached only in some
small sections, due to the speed restrictions calgetations close one to each other.

Figure 6.15 compares the three simulation resualtsrims of timetable.

DIDS - KALE
% g 5 i
: 3 g
I 5 g g = 8 3 B R B = 8
BE o B H g g %L = 3 s 2g & 3 3 = g 3 2
£ 123282, B2 15 EEIREEEER s 18§ : &8 F !¢
EE 3 gD sPdd g2 2822 33 X REb 4Ry F & A8 5 2 & 2 i 4
0 T He 2E B E = @ d it a = b ; ] i : £ S
i S I !
| [ T !
L 1 1 1 - !
09.00 ¢ = 05.00
E ““_‘ i i 1 i
| “
w i = [ 1111 [
[ "“\.‘_\ )
| — \.\\ . 1 1 = 1 0.00
| { I 1 [ |
L | 1 | = I
‘ I ] | |
100, 100
[ I ] ]
L \,\_\
[ t I~ {
| { -‘-__
12nu; I~ 12.00
£ ]
[ 1
| [
mnf:} - 13.00
I [
L 1

Figure 6.15: Train diagram

With the increase of speed to 120 km/h the timegavith respect to today’s situation allows
the modification of the timetable, with the additiof at least 3 trains in the section. Of course
simulations performed did not take into accountsgme presence of passenger trains in the
same section (the route is a mixed traffic line).

The increase of speed to 120 km/h (and to 140 kowghbd only be reached if the limitations
can be solved; most speed limits are due to bdthieal conditions of the track, therefore
interventions on the infrastructure side are nedddthve trains running at higher speed than
today.

In some circumstances, speed limits are due tevagicrossings, switches, curves with small
radius, and sections with high gradient; in thesses it is more difficult to bring
improvements in order to increase speeds.

6.5 Vehicle green label

One of the requirements identified in Subtask 2ig .&levant to the energy efficiency of the
train.

A green label (as shown in the example of Figué)could be assigned to each vehicle,
after having evaluated a score based on some pema®UCh as:

* Unsprung mass (function of the design of a velsckeispension and the materials
used in the construction of suspension components);

« Technology for wheels and subcomponents;

» Materials for bogie construction;
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Please visit www.sustrail.eu for more information

Figure 6.16: Vehicle Green Label - Example

The label could be renewed each year, followindi@ck and the confirmation of the score
assigned for each of the factors listed above.

Vehicles characterized by better performance, tbheregetting the “green label”, should be
entitled to reduced access charges for infrastrectu

Therefore this label could provide advantages ® rdilway operators in terms of access
charge payment.
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6.6 Traction and Braking

This section is associated with subt&sk.3 Acceleration and speed requirementslhe
objective of this task is to evaluate duty requieets in terms of acceleration and braking
while increasing speed of freight traffic.

6.6.1Traction

A rail vehicle’s tractive effort must be sufficiett overcome the vehicle’s running resistance
and provide desired acceleration. For freight loctves it is often speed requirements and
gradients along the line that that necessitate$ ligctive power, however, the overall
performance must allow the train to fit in the ti@pattern for a given line [69].

The running resistance can be divided into foutspar

* Mechanical resistance ()

* Aerodynamic resistance {pD

e Curve resistance (P

» Gradient resistance (P
Mechanical and aerodynamic resistance are genedaligrmined via empirical methods.
These models must be used with caution as thewareé under given conditions. Data
presented in the following sections are resultsnfr@search on typical trains and tracks in
Sweden [70].
6.6.1.1 Mechanical resistance on tangent track (R)
The main sources of mechanical resistance aretlosving factors:

» Energy dissipation in wheel bearings

» Plastic deformation in the contact between wheélrail

* Energy dissipation due to creepage

» Loss of energy in springs, dampers and frictiofiea@s within the vehicle

* Energy loss in transmission system

For locos and freight wagons the mechanical resistaon tangent track can be estimated
using the following formula:

D,=a- Z[%‘I'ﬂ@'gf) +Z[bQ'QE) v
i=1 i=1

where
a=1, for train in motion
a=2, initial resistance at start
a,~ 30, for locos
a,~ 65, for freight wagons

a,~(0.4-0.7) x 13, for locos
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a,~ (0.6 - 0.9) x 18, for freight wagons

b,~0-2x 1C, for locos [s/m]
Nax number of axles
Q axleload for axle number [N]

6.6.1.2 Aerodynamic resistance ()

For speeds above approximately 100 km/h the aeswdyn resistance is often the
predominant part of the total resistance; thisstasice can be written as

D, =§- A-Cp-vi4+(g+Cy-Ly)v

where
% speed [m/s]
0 air density [kg/r]
A cross section [fh
C,=Cp+CLXxLy aerodynamic drag [-]
q total ventilation flow [kg/s]
C,=0-06 linear term, low value for trains wittiou

gaps between wagons

L. length of train [m]

Examples of aerodynamic drag as function of tramgth are shown in Figure 6.17.
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Figure 6.17: Aerodynamic drag as function of trainlength [70]
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6.6.1.3 Curve resistance (R)

Ideally, the wheel-set will run smoothly througlcarve due to the conical wheels that are
connected via a rigid axle. This causes the outezelvto travel the greater distance needed
and the wheel-set to align itself radially.

In reality, however, due to unfavourable wheel aail contact conditions and restrictions
caused by the suspension system the friction fonoer®ase resulting in greater running
resistance in curves.

Andersson [74] proposed the following equation dtcglate the curving resistance in curves
with radius greater than 300 m.

6.5 R-
D.=——(1-———"K, | 'my;
R —55 R<+ 30000

where
R curve radius [m]
m. mass of train [kg]
Kh=0-1 parameter for stiff or soft wheelset guoitka

Some examples:

Kp=0 Rc loco

Kp~0.1 Passenger coach with stiff MD bogies

Kp~ 0.8 Passenger coach with soft ASEA bogies

Kp~0.9 Two axle freight wagon with UIC double linkspension
Kp~ 0.8 Freight wagon with Y25 bogie

Ky~ 0.9 Freight wagon UIC link suspension bogie

6.6.1.4 Gradient resistance ([J)

In railway contexts, the track’s gradient S is nfexpressed per mille (%0) and the resistance
Is calculated as:

S
D,=ms-g- 1000
where
m. Train weight [kg]
g Gravitational acceleration [nf]s
S Track gradient [%o0]

6.6.1.5 Total running resistance (D) and power demand
Total running resistance is given by the followetwuation

Deliverable D2.4 PU - Final



OSUSTRAIL

D=D,+D,+D,+D,

Page 62 of 89

The needed tractive or braking force is expressed a

F=m_,-a+D
wheremy is the train’s equivalent dynamic mass and the acceleration.
The output powelR, is given by the following equation

P=F-v»

wherev is the velocity.

6.6.2Available tractive effort

The available tractive power is determined by tactdrs:
* The available adhesion, i.e. the coefficient ofesibn utilisation that can be obtained
e The tractive effort that the train’s propulsiontgys can provide as function of speed

The possible adhesion utilisation may vary consiblgrdepending on the contact conditions
between wheel and rail and how well the vehiclastive power can be regulated to utilize
the available adhesion.

6.6.2.1 Adhesion

Adhesion is defined as the quotient between lodgil and vertical wheel and rail contact
forces, and can be regarded as the part of fritiahcan be used for traction or braking. The
adhesion level will be lower or higher dependingndrether there are substances between the
wheel and rail, like water, oil or sand. If thel igiwet, the adhesion will be lower, and if for
example there is sand, the adhesion will be higheamples of adhesion curves are shown in
Figure 6.18.

Adhesion
[%] 40

dry-sand

Creep [%]

5 10 15 20 25 30 35
Figure 6.18: Examples of adhesion curves [71]

In dry wheel-rail contact conditions at speedsaig@-100 km/h, the adhesion level is usually
around 0.25-0.35. For wet or otherwise contaminedéd the adhesion is lower, however, the
level can be restored, at least to the order &,g injecting sand in the wheel-rail interface.
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6.6.2.2 Tractive effort

A vehicle’s tractive power varies with its speedpAncipal tractive effort diagram is shown
in Figure 6.19 with the restrictions imposed by thetors characteristics. The solid lines
represent the maximum tractive power that the dsigu system can generate. Some system,
for instance electric motors, can usually be owatéa quite substantially for short periods
without overheating. Internal combustion engines, diesel engines, do not normally have
this ability. The dashed curve represents max oaatisly available tractive effort.

Tractive effort [kN]

Maximum torque

Continuous tractive

Maximum output power

Rated point

A B o

Base speed Speed [km/h]

Figure 6.19: Typical tractive effort diagram [71]
In Table 6.1 some examples of data for Europeamnhatives are shown.

The indicated power is the continuous power atitheel rim. Hence, the power indicated for
the diesel locos in this section is approximateddamnly 80% of the diesel engine rating, due
to auxiliary needs and losses in the electricalrmedhanical transmission.

Table 6.1: Sample of data for European locomotives service [72]
Max :
: Axle- Power' | Weight | Max speed
Type el‘t;c?ritl(\lieN) arrangement (kW) ® (km/h) O L
Electric
152 300 BBo’ 6 400 86 140 Railion
182 300 BBo’ 6 400 85 230 Railion
185 300 BiBo’ 5 600 84 140 Railion
EG 3100 400 ceo 6 500 129 140 Railion
Denmark
26 000 320* B0’ 5 600 89 200 SNCF-Fret
27 000 350* BdBo’ 4 200 89 140 SNCF-Fret
36 000 320* B0’ 5 600 89 200 SNCF-Fret
Diesel
232 294 CaCo 1760 no info 120 Railion
294 231 BdBo’ 650 no info 40/80 Railion
66 000 167* B@Bo’ 820 no info 120 SNCF-Fref
72 000 362* CCo 2120 no info 85 SNCF-Fret

1. Continuous power. On German locomotives, theimam power is usually the same as the

continuous.

* Information provided by www.railfaneurope.come(inot SNCF).
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6.6.3Braking

6.6.3.1 Introduction

The train braking system is designed to ensure tthattrain’s speed can be reduced or
maintained on a slope, or that the train can bpp&td within the allowable braking distance.
The braking performance is mainly influenced by tiraking power, train mass, rolling
resistance, speed and available adhesion.

European freight wagons generally have pneumaticailhtrolled and activated brake blocks.
For some applications disk brakes are used. Exagblblock and disk brakes are shown in
Figure 6.20.

In this section the performance of these systerds@issed.

Figure 6.20: Tread and disk brakes.

6.6.3.2 Braking performance and limitations

Brake system for freight wagons must fulfil requients in TSI [78]. Braking performance is
determined both by the deceleration profile and tineked mass percentagg).( The
deceleration profile and equivalent build-up apgiicn time T are shown in Figure 6.21.
There are four different standardized modes forkdrapplication (G, P, R and EP).
Equivalent build-up application time,Tor G and P braking modes are given in Table 6.2.

* G braking mode: brake mode used for freight trains with specifiiedke application
time and brake release time.

« P braking mode brake mode for passenger and freight trains wittcified brake
application respectively release time and brakesmascentage.

* R braking mode: brake mode for passenger trains and fast frdigitis with brake
application and release time as for braking modbuP with higher brake mass
percentage.

» EP brake (indirect Electro-pneumatic brake) assistance to indirect air brake by
means of electrical train command and electro-pragiegmalves on the vehicles.

Demands on braking performance are shown in TaBle 6

The braked mass marked on a wagon and the cormisigobraked mass percentagei.e.
the quotient between braked mass and vehicle weiigtiicates the braking power for this
specific wagon when it is coupled in a 500 m lorgntthat is operated in P braking mode.
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The braked mass is determined via calculation str #he procedure for this is described in

Appendix

S of TSI freight wagon and the relationween the calculated or tested stopping

distance, S, and braked mass percentgge,shown in Figure 6.21 [78].
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Figure 6.21: Deceleration profile, T=t;+t,/2, and stopping distance as function of

For block

braked mass percentage [78].
and disk brakes the performance is lichlig the available adhesion. To reduce the

risk of wheel flats low adhesion utilization is dséor standard brake systems for freight
wagons. For enhanced performance wheel slide prate¢WSP) shall, according to TSI
[78], be used for the following types of wagons;

Wagons equipped with brake blocks made of cast mosintered material, for
which the maximum mean utilization of adhesion t@eis greater than 12% ¢
135%).

Wagons equipped with disc brakes only, for whick thaximum utilization of
adhesion is greater than 11% and less than 12%<{225135%).

Wagons with maximum operating speed60 km/h.

Table 6.2: The minimum braking performance for different wagon types [78].

Braking
Mode Requi i f
Wagon | Command Requirement for running equirement for
- - Load running speed at 120
type Equipment speed at 100 km/h km/h
T.range
(s)
Maxi Mini Maxi Mini
Braking All All Empty A(7) B (8) A B
mode “P”
— 1LET<3 S 480 390 380 700 580 560
S A(1) | 100 125 130 100 125 130
y(1) | 091 1.15 1.18 0.88 1.08 1.13
“S1" (2) | Empty/load | Intermediate | S 810 390 380
device load
A 55 125 130
Y 0.51 1.15 1.18
Loaded S 700 480 (5) 480
(maximum =
A 65 100 100
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225Uxe) | 560 | 001 0.91
“S2" (3) | Variable Loaded S 700 480 (5) 480
load relay (maximum =
22.5 t/axle) A 65 100 100
Y 0.60 0.91 0.91
“SS” (4) | Variable Loaded (maximum = A B

load relay 22.5 t/axle) s | 700 (6) 700

A | 100 100
y 10.88 0.88
Braking There shall be no separgte
mode “G” assessment of the braking
- XT<15 power of wagons in position

S

G. A wagon’s braked mas
in position G shall be the
same as braked mass |in
position P.

(%)

1)

(2)
(3)
(4)
(®)

(6)

(7)
(8)

S is obtained according annex S. [m]
“A" = ((C/S)-D) according annex S. [%]

“y” = ((Speed (Km/h))/3.8J(2x(S-((T)x(Speed (Km/h)/3.6)))) with J= 2 sec. [mA

A wagon “S1” is a wagon with empty/load device.

A wagon “S2” is a wagon with a variable load relay.

A wagon “SS” shall be equipped with a variable |loaldy.

The maximum mean retardation force admitted (fanmg speed at 100 km/h) is 18x0.91 = 16.5 kN/akkés
value comes from the maximum braking energy inguitritted on a clasp braked wheel with a nominal new
diameter in the range of [920 mm; 1 000 mm] dubnaking (the brake mass shall be limited to 18 és)\nWheels
with a nominal new diameter (<920 mm) and/or pustkés shall be accepted in accordance with natioihes.
The maximum mean retardation force admitted (fanmg speed at 120 km/h) is 18x0.88 = 16 kN/axkes Value
comes from the maximum braking energy input peaditin a clasp braked wheel with a nominal new diemnie
the range of [920 mm; 1 000 mm] during braking (thake mass shall be limited to 18 tonnes). Wheglsa
nominal new diameter (<920 mm) and/or push brakel be accepted in accordance with national rules.
Case A = composite blocks.

Case B = all cases except for composite blocks.

Block braking imposes a thermal loading on the Wh¢e8, 79, 80, 81]. Combinations of
axleload, speed and pre-signalling distance that ¢he same resulting thermal stress are
shown in Figure 6.22. Example of a standard takkduor signalling design is shown in

Table 6.3. The longer pre-signalling distances teaterally exist on rail networks for mixed

traffic cannot be used for freight trains to in@ea&peed or axleload as parts of the network,
i.e. sidings, are designed given the higher braliagormance of passenger vehicles, c.f.
Table 6.3.
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Figure 6.22: Speed as a function of pre signal destce for different loads [78].

Minimum deceleration [m/s?]
Train speed Equivalent time of application [s]
mithke/Mll 3 T4 [ s | 6 [ 7 [ 8 910 ] n]n|mns
40 0,43 0,43 0,43 0,43 0,43 0,43 0,43 0,43 0,45 0,48 0,50
50 0,43 0,43 0,43 0,43 0,43 0,43 0,43 0,43 0,45 0,48 0,50
60 0,46 0,46 0,46 0,46 0,46 0,47 0,48 0,48 0,49 0,50 0,51
70 0,48 0,48 0,48 0,48 0,48 0,49 0,50 0,51 0,52 0,52 0,53
80 0,59 0,59 0,59 0,59 0,59 0,61 0,62 | 0,63 0,65 0,66 0,68
920 0,61 0,61 0,61 0,61 0,61 0,62 0,64 | 0,65 0,66 | 0,68 0,69
100 0,64 | 0,64 | 0,64 | 0,64 | 0,64 0,65 0,66 | 0,67 0,68 0,70 | 0,71
110 0,66 0,66 0,66 0,66 0,66 0,67 0,68 0,70 0,71 0,72 | 0,74
120 0,66 0,66 0,67 0,68 0,69 0,70 0,71 0,72 0,74 | 0,75 0,76
130 0,73 0,75 0,76 0,77 0,79 0,80 0,82 | 0,83 0,85 0,87 0,89
140 0,83 0,84 0,86 | 0,88 0,90 0,92 0,94 | 096 0,98 1,02 1,06
150 0,89 0,91 092 | 094 | 0,96 0,99 1,01 1,03 1,07 1,12 -
160 0,91 0,93 0,94 | 0,96 0,98 1,00 1,03 1,05 1,07 1,12 -
170 0,97 0,99 1,01 1,03 1,05 1,07 1,10 1,12 - — —
180 1,03 1,05 1,07 1,09 1,12 1,14 — - - - -
190 1,03 1,05 1,07 1,09 1,12 1,14 — - - - -
200 1,03 1,05 1,07 1,09 1,12 1,14 - — — — -

Table 6.3: Deceleration, requirement for signal degn [79].
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6.6.4Conclusions

In this chapter we have discussed traction anditgakhile increasing performance of freight

traffic. Limiting factors for traction are availahdhesion and tractive power to maintain high
speed in gradients. Block braking is limited byrthal impact of the wheels. Increased pre-
signalling distances may be used to enhance peafwwenof freight trains, at least to some
extent on dedicated freight routes.

It can be concluded that acceleration can be sdtdmht trains to a maximum value of 0.4
m/s, while deceleration requirements have been andlgsel are detailed in Table 6.3,
strictly depending on signalling constrains.
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/. SUBTASK 2.4.4— AERODYNAMICS REQUIREMENTS

7.1 Introduction

When a train moves it displaces air and causewdlow around it, establishing regions of
high and low pressure, eddies, resonance, andlémd®l The energy required compressing
and moving air (the ‘aerodynamic drag’) reducesdhergy available for traction; minimising
the effect of the train on the air (if this candmne without significantly increasing the train’s
mass) will improve the efficiency of the train.

<>
’rTrain movemenq:b\

High pressure

Eddies / Turbulenc

1

Low pressure

(suctign) af rear Surface friTti0| /Eddies/Turl::uIen( (compression) at front
=G Gr= z %
ﬁ' — — — — 1 } % —

S

Figure 7.1: Schematic Air Flow Around Freight Train (After [45])

Methods of reducing aerodynamic drag and theircesfare considered in Section 7.2.

Other aerodynamic effects are associated with tbgsspre differentials and wind induced by
the train; these are mentioned in Section 7.3.

7.2 Aerodynamic drag
7.2.1Context

Reducing the aerodynamic drag of freight vehicles been recognised as an area that
warrants attention as the payback times for someiffoations are expected to be relatively
short. The ‘EVENT’ project was commissioned by UB2] to provide an overview of energy
efficient technologies; it recommended the optimisaof the aerodynamics of freight train
configurations. Both this report and a comprehaengimerican study on reducing greenhouse
gasses [52] recommended addressing the unfavoupablide of freight trains, unshielded
space between vehicles, and lack of covers on ewggpns.

7.2.2Significance
The resistance to motion {Rof a train travelling on a straight level trackthvno ambient

wind is commonly approximated (in a ‘top-down’ aysa) by a quadratic equation in the
train speed, ¥

R =C + G.Vy + G.Vy?
Equation 2
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“Where G + G,V denotes both the mechanical resistance and timeaarentum drag due to
cooling air for the locomotives and air conditiogiof the trailer cars; £V4? denotes the
aerodynamic resistance due to pressure drag andrgition drag” [7]. Equation 2 is also
known as the Davis equation [11], though this eiquabhad specific forms for £and G.
More detailed, ‘bottom-up’, analyses (summarisedewample in [43], [44], [55], see also
[9]) include the effects of acceleration, trackp&p and wind speed and direction. They
introduce additional quadratic terms in speed terdene the rolling resistance, but these
terms’ contribution is negligible in comparison lwthe aerodynamic term.

The constants ikquation 2 depend both on the train and on the quality oftithek, although

the influence of the track is often not considérédethods for determining the values of the
constants are described in [7] and [29]. Relevalties are available in various sources
including [2], [27], [43], [44], and [9]; referend®7] claiming that “Through the methods
collected and illustrated in this report, it shoblkel possible to make a reasonable estimate of
the driving resistance parameters for most kindstrains encountered in operation” .
Equation 2 and its generalisations are the basis of manylatons of train dynamics that are
used for time-tabling trains (see e.g. [12], [188]).

It is clear that aerodynamic resistance, propoafida V;2, will become more dominant at
higher speeds (it is estimated to be about 80%@ftdtal resistance at 300 kph [44]). Most
train aerodynamics research has thus focussedgberspeeds, typically faster than 200 kph.
The vehicles that operate at these speeds arengass&ock. These typically have lower
aerodynamic drag than freight vehicles (smootheterexs, smaller inter-vehicle gaps,
streamlined ends), but it has been shown thativelgtsmall changes can be economically
justified® (e.g. enlarging inter-carriage covers on HST [3f]rther streamlining the
Shinkansen [24], [21], bogie fairings [30]). Anotlespect of high-speed operation is that the
noise associated with turbulent airflow becomesaoeptable and this has been a major driver
for streamlining of the pantograph [22], [24], [57]

Most freight trains operate slower than passengand, typically below 120 kph. At these
speeds the aerodynamic resistance of passengkrvebodd be a smaller fraction of the total
resistance to motion than at higher speeds (etg.idg43] shows that, for passenger stock,
the aerodynamic resistance varies between 57% &¥dd the total resistance at 120 kph,
rising to between 64% and 74% at 140 kph). Howeaerpdynamic features have not been
considered in the design of freight trains so lieeepower required to overcome aerodynamic
drag would be more significant if it were not féwetlarger mechanical resistance of freight
trains. Stolz and Carrillo Zanuy [45], [9] studiedntainer trains that were about 510m long,
weighing 1200t, and travelling at up to 100 kph roeefairly curvy, hilly route. They
predicted that about 33% of the train’s energy wWdu used to overcome air resistance; at
120 kph this would increase to about 38% and atkp#041%. On flatter or straighter routes
the fraction of energy used in overcoming aerodynairag would be even higher. The study
[27] concluded that above about 60 kph aerodynagsistance was the largest contribution
to the resistance to motion.

! The track’s influence is in the energy absorbedabsehicle’s suspension when moving over track
irregularities and in energy lost in the hysteredigrack substrate (theoretical analysis in [€kt$
reported in [29], results in [2]).

%1t has been suggested that the high cost of fittimg can mean that introducing changes to exgsti
rolling stock cannot be economically justified [16]
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7.2.2.1 Tunnels

The aerodynamic drag on a vehicle is generallyelavghen it is passing through a tunnel than
in the open (see e.qg. [43], [44]). This is dueht®e tompression of a large quantity of air and
the reflections of pressure waves from tunnel sales ends. However, for freight vehicles

the increase may not occur: there are no side-wanodghe increased drag associated with
them (see below) can be neglected; the relativecitglof the air experienced by the vehicles

is significantly reduced as the passage of tha tauses the air in the tunnel to move along
the tunnel [5].

Whatever the effect, the proportion of its jourrtbgt a freight train spends in tunnels is
smalf, so we propose that the effect of tunnels cambered.

7.2.2.2 Wind

The aerodynamic drag when there is a wind is fdmydising the train speed relative to the
wind for Vi in Equation 2. Conventionally this relative speed is calculatesihg a vector
sum of wind velocity and train velocity [8]. Lukaszicz [29] found that using a wind speed
that varies with height above ground in the calboitagave results in far better agreement
with test results than assuming the speed did apt with height. His calculation assumed
that the air within 0.2m of the ground was not nmgvand, above this height, a logarithmic
speed variation was fitted to the measured wineéd @ the appropriate height. This result
implies that the aerodynamic drag of the bogiekess affected by ambient wind than the
upper body.

The effect of side winds on aerodynamic drag hanbeeasured in series of wind-tunnel
tests in Germany [53], [37] and America [13], [LE5]. The tests reported in [37] used a
container wagon and found that the wind angle ¢faate the maximum drag (and the drag
itself) varied with wind speed between 15° and @d&fger angles and drag coefficients at
higher speeds). The tests reported in [53] reptedehe variation of drag coefficients with
angle as a Fourier series (the terms being cosinegen multiples of the wind angle, up to
cos(1@)) and reported that the maximum drag occurrecharayle of between 10° and 40°
depending on the vehicle type. The American stugtyvdd seventh order polynomials in the
wind angle (reported in [2]). Additional results[#6] and [47] show that for coal hoppers the
drag increases as wind angle increases up to aavig® of 10°. The small maximum angle
in these latter studies was calculated as the aimglédhne triangle defined by the mean
American wind speed of 7 mph acting at right an¢pes vehicle travelling at 40 mph.

A more serious effect of side-winds is to deraihicies or dislodge containers from the
vehicles that were carrying them [39]. In the UlKhanimum container weight of 1.6 tonne is
required when containers are not locked to be \elticdy, but rest on (UIC) spigots that are
designed to lock containers if they slide in thesgnce of strong winds ([41]). If gusts of over
113kph or a four-hour period of gusts between 9% Bhl kph are forecast all vehicles are
restricted to 80kph operation, while a forecast glust with a speed of 145 kph or over would
result in all services being suspended in the tdtearea [33].

7.2.3Analysis

The aerodynamic resistance (the\G2 of Equation 2) is commonly written as
Co(¥2pAV ?)

% Less than 3.2% of the route of any country inftgis in tunnels apart from 6.5% of the Italiariwaiy [31]
and these are predominantly high-speed lines. ©286 of the UK’s SustRail routes are in tunneld [48
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Equation 3

where G is the aerodynamic drag coefficieptis the density of air (standard value is 1.225
kg/m3 ([23], [8]), but depends on pressure, temipeea and humidity), A is the (effective)
area of the front of the train (about 10m?). Ndtattthe ‘top down’ approach neglects any
other quadratic contributions to the resistanamdtion. The aerodynamic drag coefficient (or
the multiple of this and the effective area, & called the ‘drag area’) is considered to be the
sum of separate terms that represent differentiborions to the drag. For example:

In [43] G is the sum of: a multiple of total length; a cdmition from each wheelset; a
contribution from each inter-vehicle gap; and #s&ding and trailing vehicles’ contributions.

In [29] Cp.A is the sum of a constant (the leading and trgilkehicles’ contributions) and a
multiple of the train length. The multiple was faumo depend on the proportion of the
vehicles that were covered as opposed to ‘opedlaiag by almost half if all were covered.

For intermodal freight trains there are so manysyde variations of container dimensions,
vehicle types, and loading options that each vehitlay have different aerodynamic
properties. The aerodynamic drag needs to be sedardo contributions from each vehicle
in the train ([53], [55]). This approach has besedito estimate the effect of changing types
of vehicles [9] and to interpret results of winauel and computational fluid dynamics
(CFD) experiments.

7.2.40ptions for reducing drag

Three categories are considered: streamlining leshjicarrangement of containers on
intermodal wagons, and speed. Note that reductiondrag are generally calculated at
constant speed and with no cross wind. The pergentaduction in the force resisting
movement of a whole train will be smaller as bdth drag of locomotives and the mechanical
resistance will be largely unchanged by the measure

7.2.4.1 Streamlining vehicles

These design changes will have associated costbenrefits that will need to be assessed to
determine whether they should be considered fuithe8USTRAIL. The first five can be
retro-fitted, while the last two are fundamentadiga changes.

1. Smooth Sides and TopThe drag that can be attributed to turbulencesediby the
strengthening ribs on the exterior of freight wagjevas studied in [35]. It was found
that a reduction of up to 23% in drag was achiexaBimilar streamlining options for
SUSTRAIL vehicles include adding a flat cover om ttheck of intermodal wagons
(the openings that contribute to drag are evidertheé bottom right image of Figure
7.2).
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2. Bogie Fairings Covers on freight vehicle bogies have been desigon reduce the
noise associated with the operation of brakes [IR¢ MetaRail project (see Figure
7.2) included adding covers over bogies of a rdk@termodal vehicles and running
tests with them. For high-speed passenger stockethection in drag associated with
covering the bogies was found (both experimentatlg in full-scale trials) to be about
10% [30].

Figure 7.2: Bogie Shrouds from MetaRail [56] (thesshrouds were scrapped in 2001)

3. Smooth Underframe Bogie skirts reduce drag by improving air-flowdan the
vehicle (see Figure 7.3). This innovation is usaditiie fastest high-speed trains [34].
It has been suggested that having a smooth undexf(aovering equipment with a
smooth cover) could save up to 7.5% of the aistasce ([32]), though tests on high-
speed trains ([14] reported in [38]) suggest thgihdr savings may be achievable.

Figure 7.3: Bogie Skirt from Bombardier [34]

4. Covering Hoppers The aerodynamic drag associated with open howpgons can
be reduced by adding covers; extensive tests pmtesl in [54]. Calculations in [27]
show that at high speeds it can be cheaper tdgaédh wagons than uncovered empty
ones! The drag can be significantly reduced eveadujng vertical baffles within the
vehicles [46]. Having tilted instead of verticaldsnto covers has been shown to be
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even more efficient [47]. However, the savings orerage European journeys,
calculated in [28], may be only about 3%.

5. Streamlining the load

a.The drag that can be attributed to the angulaufeaton the sides of shipping
containers was reported in [19] (mentioned in [3&]jvas found that a smooth
exterior to containers can reduce drag by 10%.

b.There are patented ‘bolt-on’ fairings for the emdscontainers, and curtains
between containers, see e.g. [20].

6. Lengthening Vehicle The Vel-Wagon project [9] considered changing lgregth of
an intermodal vehicle to better accommodate theeebgd mix of container sizes
expected on certain European routes. They found ahaeighty-foot vehicle could
provide a 14% reduction in aerodynamic resistameepared to a standard sixty-foot
one.

7. Reducing Inter-Vehicle Gaps The large gaps associated with buffers contribboite
the aerodynamic losses. For this reason close-eduphgons have been developed,;
“EcoFret” and “MegaFret” wagons that have respetyitwo and three sixty-foot
decks with buffers only at the outboard ends. Expents reported in [54] reveal a
reduction of about 10% in drag coefficient as tlep detween hopper cars was
reduced from 1.87m to 0.65m.

7.2.4.2 Arrangement of containers on intermodal wagons

A number of loading algorithms have been proposedetiuce energy consumption by
optimising the position of containers along a trdor a review see [40]. The objective is to
provide advice to terminal operators on the besteimng of containers along a train.
However, commercial constraints on operation caamtbat containers arrive at the terminal
too late to be placed in the optimum positionstanttain.

It has been shown that reducing the gap betweetaio@ns reduces the drag; the trailing
container becomes better shielded by the first.[R&] states that if the gap exceeds 72"
(1.83m) the trailing container does not benefitrfrbeing shielded (though the gap between
vehicles including buffers is typically of abouidtsize). Some of his data is given in Figure
7.4. Similar data is available in [35] for vehiclearrying two containers, one on top of the
other; this arrangement is common in America.
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Figure 7.4: Effect of Gap Length on Relative Aerodgamic Coefficient (after [25])

It is clear using results from [53] (see e.qg. [2Fgt all containers should be as close together
as possible and close to the locomotive. Idealbyy@hicle (or container on a vehicle) would
have a larger cross-section than the one in frbitt o

The effect of distance from front of train is catesied in [25]; wind-tunnel results show that a
gap at the front of a train will be associated watlarger drag than one of the same size
further back (see Figure 7.5: Effect of Distancer®y Vehicle (after [25])
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Adding empty containers to multimodal flat cars vesmlysed in [27]. They used the data
from [53] and found that it would theoretically bere economical to carry an extra one or
two empty (2.3 tonne) twenty-foot containers td thie deck of a sixty-foot vehicle than to
overcome the drag that would be caused by theiadditflat faces of a load in two or one
twenty-foot containers. The calculations were utad@m at constant speeds and neglected the
extra time and cost for loading and logistics isst&wever, the break-even speed was below
36 kph with a saving of between 8% and 30% in tasce to motion at 100 kph.

7.2.4.3 Speed

The aerodynamic drag increases with the squarbeokpeed, so the slower that a vehicle
travels the less energy it will consume. The issfieeconomical driving is receiving
considerable attention [32], [29]. The simplestrapgh would be to allow freight to travel at
a low constant speed, but with a mixed-trafficway travelling at full speed between halts in
passing loops is required to allow passenger vehi maintain timetables.

7.3 Other aerodynamic effects

Other aerodynamic effects are mentioned here. TK&s Railway Safety and Standards
Board has published a review of recent work in eéh@seas [3] with comprehensive
bibliographies.

7.3.1Safety in cross-winds

This was mentioned above. There have been numesrasples worldwide of trains
derailing or containers becoming detached due gt kvinds. A recent analysis [17] has
revealed that the complex shape of an intermoeaitit train compared to a passenger train
gives rise to complex turbulence. This paper alsocludes that the side-force on double-
stacked containers can be less than that on eesst@tked container, but [1] states the latter
may be underestimated.

7.3.2Force due to passing-by of two trains

When one train passes another it generates a pegssise that will affect the latter train. In
the UK the design force is 1.44 kPa [42]. This @fie particularly significant in tunnels [38].
The effect on freight vehicles being passed bysigeed trains is discussed in [3].

7.3.3Winds induced by train

Trains passing through stations cause gusts of thiaidcan affect the safety of passengers on
platforms; this safety issue is covered by Europ&achnical Standards for Interoperability
(TSI, [51], [50]). A limit on the speed of the wimdduced by the passage of a train measured
at a height of 1.2 m above a platform at a distafc@m from track centre is specified. For
passenger trains travelling faster than 160 kph]([5and for high-speed trains at their
maximum speed (or at 200 kph if this is lower) {j3Be limit is 15.5m/s; no corresponding
restriction is currently quoted for freight. Thissue is discussed in [3] with more detail in
[49].

A patrticular concern for freight is the low-pressinehind a container or other bluff body that
acts to drag people and objects toward the tratdikt(af such incidents is included in [49]). It
was found that the wind speed of 10.3m/s (measated.5m from the platform edge)
associated with a freight train moving at 120 kpltémparable to that for a passenger train
travelling at 225 kph. The highest slipstream guyegteds reported in [4] (measurements were

Deliverable D2.4 PU - Final



S“STRA“- Page 77 of 89

made for a wide range of conventional and high-@dpe#ing stock at platforms throughout
Europe) were for freight trains and could exceedn2$).

7.3.4Aerodynamic noise

The report for noise (Section 8, Subtask 2.4.5veiadicates that at the speeds considered
(100 kph — 140 kph) the aerodynamic noise doepmatominate.

7.4 Conclusions

The aerodynamics of freight trains has been corsigrimarily from the perspective of the
associated drag. A series of options to improveatr®dynamics have been listed and these
need to be considered further as part of SUSTRAR 3VThe freight train of the future”.

For intermodal wagons, operational factors (vehateice and loading regime) can have
significant and immediate benefits.
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8. SUBTASK 2.4.5—NOISE REQUIREMENTS

Over twenty million people in Europe are affectgdrail noise. Noise pollution is of increasing inmfamce in
railway operation as EU legislation raises awareéshis issue.

Using EU legislation and other existing guidelifiesrailway operation, the duty requirements faufe vehicle
and track systems will be specified. Sources ofadd be considered will include rail-wheel intedabrakes,
engine, and aerodynamic noise.

Number of people exposed to noise in Europe (EU-27, Norway and Switzerland)
70 q

Within agglomerations @, »55d8
60 BL_>50d8

501 This figure is from EEA Report No. 7/2011 Laying the foundations for greener transport
(TERM 2011: transport indicaters tracking progress towards environmental targets in Europe).

40 A

Number of people (in millions)

Roads Railways Airports Industry Major roads  Major railways ~ Major airports

Figure 8.1: Number of people in Europe exposed tadh noise levels, within and outside
agglomerations (urban environments); breakdown byransport mode

8.1 Legislation
8.1.1European Noise Directive (END)

Directive 2002/49/EC ‘relating to the assessmeit management of environmental noise’, also knowthas
European Noise Directive, requires Member Statgsduide noise maps and plans for reducing noigelde

(q) ‘noise mapping’ shall mean the presentationdafa on an existing or predicted
noise situation in terms of a noise indicator, oating breaches of any relevant limit
value in force, the number of people affected icedaain area, or the number of
dwellings exposed to certain values of a noisecaidir in a certain area;

For railways, the initial requirements are to stagglomerations and major railways, where:
(k) ‘agglomeration’ shall mean part of a territorglelimited by the Member State,
having a population in excess of 100 000 persomsaapopulation density such that the
Member State considers it to be an urbanised area;
(0) ‘major railway’ shall mean a railway, designatdy the Member State, which has
more than 30 000 train passages per yeatr;

The first stage of the mapping required only aggmations with over 250,000 people and railways wiibre
than 60,000 train passages per year.
Noise disturbance is to be assessed accordingnt df day, divided into day-evening-night whereicglly,
dayis 7 a.m. — 7 p.m., evening is 7 p.m. — 11 pamd night is 11 p.m. — 7 a.m. A-weighted (i.eljuated for
human perception and response to frequencies)tkmg-averages for noise measurements and/or pigadict
are required for each of the three time periodgy(lLevening@nd Laighy), and a combined noise measure for the
whole 24-hour day (k) is defined which includes the greater sensititdtyioise during the evening and night:
Lday I-evening+5 Lnight+10\\

:10Iogk—1010 +210 10 +210 10 )

L

aen 2 6 3

Special consideration needs to be given to schholgitals, etc., and areas such as natural parks:
(m) ‘quiet area in open country’ shall mean an agretelimited by the competent
authority, that is undisturbed by noise from trafindustry or recreational activities;
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These noise maps are to be used for identificatidmportant Areas, i.e., areas where a large
number of people are affected by high noise le\ais, for identifying within these the First
Priorities for noise mitigation.

An example of noise mapping and identificationraportant areas is given in Figure 8.2 for
central London. In England, First Priority Locatsoare identified as places wherged.asn

‘[ Noise Action Planning
Important Areas

(Tile 160)

Figure 8.2: Railway noise in central London. Left:Noise map showing noise levels along
major railways. Right: Important Areas marked in bl ue for roads and red for railways

The European Topic Centre on Spatial Information aknalysis (ETC-SIA) and the
European Environment Agency (EEA)ave been responsible for collecting END data from
Member States and providing an online interfacgf@ 8.3), the Noise Observation and
Information Service for Europe (NOISE)

Figure 8.3: Noise Observation and Information Senge for Europe: Number of people
living outside agglomerations exposed to noise ldsever 75 dB(A), by Member State.

8.1.2The First Railway Package

The First Railway Package is a collection of Eusnpealirectives that together define the roles ofiwveaj
undertakings, infrastructure managers, capacitcation and access charges; and establishes gaibters in
the Member States:

Directive 2001/12/EC

* http://www.eea.europa.eu/themes/noise

® http://noise.eionet.europa.eu/
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amending Council Directive 91/440/EEC on the dgwelent of the Community’s railways

Directive 2001/13/EC
amending Council Directive 95/18/EC on the licegsir railway undertakings

Directive 2001/14/EC
on the allocation of railway infrastructure capaciand the levying of charges for the use of railway
infrastructure and safety certification
Currently there is no explicit mention of noiseamy requirement to include differentiation of accebarges
according to noise levels. However, there is a psap published as COM(2010) 475 on 17/09/2010etast
the First Railway Package by merging and elabagasim Directives 2001/12/EC, 2001/13/EC and 200HT4
and the draft version of the new legislation allotifferential track access charges according tecendgvels,
with reference to TSI Noise. In addition, followitige first reading in the European Parliament oA 1/2011,
the draft was revised to allow compensation forofiting vehicles with low-noise technology. (Off' 3uly
2012, the European Parliament approved a comprdexsén which the application of noise differemgid track
access charging is optiofAl

Recast of the First Railway Package, Article 31(5):
Infrastructure charges shall be modified to takeoant of the cost of noise effects caused by the
operation of the train in accordance with AnnexiMploint 2. Such modification of infrastructure ches
shall allow for compensation for investments inrgétting rail vehicles with the most economically
viable low-noise braking technology available. Me&miStates shall ensure that the introduction ohsuc
differentiated charges shall not have any adveifeeteon the financial equilibrium of the infrastture
manager. The rules for European co-funding shalimoglified so as to allow for the co-funding for
retrofitting rolling stock to reduce noise emissi@as it is already the case for ERTMS.

Recast of First Railway Package, Annex VIII, pt. 2:
Noise-differentiated infrastructure charges reféri® in Article 31(5) shall meet the following
requirements:
(a) The charge shall be differentiated to refléet tomposition of a train of vehicles respectingitli
values for noise set by Commission Decision 200&6G TSI Noise).
(b) Priority shall be given to freight wagons.
(c) Differentiation according to the noise emisslewels of freight wagons shall allow the paybadk o
investments within a reasonable period for retiiofit wagons with the most economically viable low-
noise braking technology available.
(d) Further elements to differentiate charges magdnsidered such as:

i) time of day, in particular night-time for noisenissions

i) train composition with an impact on the levélnmise emissions;

iii) sensitivity of the area affected by local esimns;

iv) further classes for noise emissions signifibalttwer than the one referred to under point (a).

Currently, there is no reference to 2008/232/CE, Bl for high-speed rolling stock, which
applies to vehicles with maximum speed over 190hkrithe noise limits specified in the
2006/66/EC TSI Noise agree with the limits in teeant 2011/229/EC; the next revision of
TSI Noise, due 2013, will merge high-speed and eatignal rail.

8.1.3Technical Specification for Interoperability

Directive 2006/66/EC (TSI Noise)
concerning the technical specifications of intenglity relating to the subsystem ‘rolling stockeise’
of the trans-European conventional rail system
Directive 2011/229/EC was a ‘limited revision’ dfet TSI Noise, and there is no change in limit valfiem the
2006 TSI Noise. Work on a full revision started2@11 (due 2013), and will look at lowering passrnyse
limits, and at squeal, brake noise limits, andasfructure.
The indicator for pass-by noise is the A-weightegdiealent continuous sound pressure levglkd.r, measured
over the pass-by time at a distance of 7.5 m frieencentre of the track, 1.2 m above top of raile@gurement
of noise is in accordance with EN/ISO 3095.)

® ‘Recast of the First Railway Package: the Parlistteeplenary endorses the agreement with the Cgunci
http://www.cer.be/media/2337_ 120703 Recast EP_Glopdic
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Freight wagons: 82-87 dB(A)
Locomotives & coaches: 80-85 dB(A)
These limits apply to new and upgraded rolling stoc

8.2 Noise sources and mitigation

The STAIRRS project did a cost-benefit analysiniose abatement measures, and this is shown ine=gy4.
This looked at both vehicle and infrastructure mees, retrofitting freight vehicles with quiet beskprovides a
clear benefit in noise reduction at a low cost cared with infrastructure measures.

Costs and benefits of noise abatement measures
extrapolation to 21 European countries

All measures combined

o ﬂa*c*k?ai I:;sic;ribiei r;‘ : " Im noise barriers | 250
K-blocks and K-blocks
optimised wheels

2000 —— 1 200

Track absorbers combined

150 withKblocks N\ ~7 "~ . (80 ()<MNokevamet 150

Trackabsorbers
fffffffffffffffffffffffffffffffffffffffffffffffffffffffff 100
Retrofitting freight 2m noise barriers

rolling stock and track grinding

100

sofp -7 i. i”ii \f€n”ni. iieli  -—-2020D0D0oooooooo 50

. Track grinding
0 0
0 10 20 30 40 50 60 70 80

Present costs in € (billions)

Present benefits (new persons under 60dB x years, in millions)

Strategies and Tools to Assess and Implement noise Reducing measures for Railway Systems (STAIRRS)

Figure 8.4: STAIRRS project cost-benefit analysis

8.2.1Composite brake blocks

The introduction of noise-related track access gdm(NRTAC) has been studied by UIC. These areotife
track access charges linked to specific vehiclesraates and will require new tracking systems. KRRTtrials
have taken place in Switzerland and the Netherlaamts Germany will be introducing a system in 2@t2re a
bonus is given to wagons newly retrofitted with lowise equipment.

The introduction of composite brake blocks is gatgrseen as key to reducing freight noise levélse
majority of freight wagons in service use cast-itcead brakes, but an alternative system, compéshitocks,
are homologated and available for retrofitting -ewéhthis is technically feasible. A newer alterv@ticomposite
LL-blocks, is cheaper and easier to retrofit, [sustill in testing. Retrofitting costs are €100ME€6 per wagon
for LL-blocks, compared to £3000-€10000 per wagmmid-blocks.

In terms of life cycle costs (LCC), once brake Bl@nd wheelset maintenance are factored in, K-lslale
expensive compared to cast iron brake blocks, dndblacks are still an unknown. Composite brake ktoc
damage the wheels, causing problems with the elguivaonicity; sintered LL-blocks (56-68 Euro/blgck
behave especially poorly, but the organic LL-bloaks comparable to organic K-blocks (28-33 Eura@k)o
Cast-iron brake blocks also produce a lot of irastdwhich makes vehicles dirty quickly, and carbethin
composite brake blocks and increase the wheellproféar rate. Composite brake blocks perform poarly
some weather conditions, and are not permittednilafd, for example.

" See ‘Implementation of noise-related track acadssges,” the annex to ‘UIC Status report and bamkug
information on noise-related track access chardas,’published separately. Both are available fmwmoad
from the UIC website, http://www.uic.org/
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UIC is in charge of technical tests and certificatrequired for approval of LL-blocks by the EurapeRailway
Agency (ERA). ERA plans also to establish a WorkParty to set out specifications for brake blocksd
requirements for approval of composite brake blpttis will feed into a revised TSI WAG

In the EuropeTrain projetta UIC-led consortium is operating a real trattefl with a variety of brake blocks
and monitoring technologies. As of'8vay, 2012, the train has completed 13 runs (168BK), taking it
through several countries (from Italy to Swederd aom France to Slovakia and Poland) and covesingde
variety of terrains and climates. Interim resultadicate thatblock wear varies strongly with
topography/climate, and that, so far, wagons whiate developed a high equivalent conicity still pbyrwith
safety limitg®.

8.2.2Principal Sources of Noise

Cast-iron brake blocks are a direct noise sourcmglibraking where brake squeal can be a majorensisirce.
However, this tends to be a problem at specifiations only, on approach to stations and shuntargsy The
main focus on replacing cast-iron brake blocks teagslo with increased wheel roughness, which not onl
increases the rolling noise significantly but alsmreases wheel-rail interaction forces and consegu
degradation of vehicle and track.
Briefly, the main sources of noise are:

¢ Rolling Noise

0 Wheel and rail surface roughness
= Severe cases: out-of-round wheels & corrugated rail
o Brake squeal (cast iron tread brakes are a majmeca)
o Curve squeal
0 Vehicle suspension

e Aerodynamic Noise

o Nose & leading bogie; pantograph (noise barrieregaly don’t block pantograph noise)
e Traction Equipment

o Engines, Fans
e Structural Noise

o Groundborne shock wave — ‘boom’ (the critical spdedends on soil / ground type)
o Bridge re-radiation, especially steel bridges
0 S&C and jointed track

Broadly, the impact of noise sources depends orichelspeed. Noise from traction and cooling systems
dominate at low speeds (less than 30 km/h), anddgeamic noise becomes the major source at higadspe
(above 300 km/h). In the middle range, rolling ®ois the dominant source, and this covers the rarige
operational speeds of freight wagons (see Figie 8.

8 piotr Rapacz, ‘EU Rail Noise Policy — perspectdtfeDG MOVE,’ 7th UIC Noise Workshop, Paris, 8th
November 2011.

® http://EuropeTrain.uic.org/

19 Dr Stefan Dérsch, ‘Conclusion of the first interieport (B 126 RP 43) and Project Status Repotty,’(C
Noise Workshop, Paris, 8th November 2011.
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‘European Noise Directive: Development of Action Plans for Railways, prepared by Brian Hemsworth for UIC Noise Expert Network, April 2008
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Figure 8.5: Dominant noise sources (left) and rollig noise correction (right) —
dependence on vehicle speed.

8.2.3The SUSTRAIL

Wagon

For the range of operating speeds of the SUSTRAdQam, rolling noise will be dominant. One of thenaiof

the project is to increase the running speed fr@® Bm/h to 140 km/h (or higher), and this will irase the
rolling noise. With the increasing pressure to dase noise levels, this is a liability, and parthef SUSTRAIL

solution, therefore, should be to introduce tecbgiglal innovations that reduce noise emission. Amiaus

approach is to fit, or retrofit, the wagon with qoosite tread brakes or perhaps even disc brakeareful LCC

calculation needs to be made, and this should diectbe impact of noise-differentiated track acaesges and
any incentives offered for retrofitting wagons witlw-noise technologies.
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9. CONCLUSIONS

Across D2.4 the requirements for the SUSTRAIL freigehicles have been provided taking
into account specific features:

e Suspension and running geatr,

* Brakes;

« Accelerations and speed requirements;
* Aerodynamic requirements;

* Noise requirements

With reference to “suspension and running geais #uggested that they should provide for a
reduction in damage to the track (rail wear andasar damage, track vertical settlement and
lateral stability) and to the vehicle (wheel weamponent damage and load integrity) while
maintaining a safe operation level against derailnaad track lateral shift.

With reference to the brake characteristics itighlghted that freight vehicles could benefit
from a combined wheel-slide and brake control syste

Analysis of accelerations and speed requirementh@rmBulgarian route showed that higher
time savings can be obtained by increasing thedpeed up to 120 km/h for some track
sections with respect to today’s situation whitstiér benefit can be achieved by increasing
these speeds from 120 km/h to 140 km/h, mainly uspeed limits imposed by railway
crossing, switches and curves with high radiussaations with high gradient. A vehicle with
better acceleration and braking characteristicslavba able to benefit more from the higher
line speed (140 km/h).

Aerodynamics investigations, primarily from the gmective of the associated drag, pointed
out a series of options to improve the aerodynawii¢ke freight vehicle and highlighted, for

intermodal wagons, the relevant effect of operatidiactors (vehicle choice and loading

regime).

Finally with reference to noise mitigation, for thrange of operating speeds of the
SUSTRAIL wagon, rolling noise will be the dominadurce. Since it is clear that increasing
the running speed from 120 km/h to 140 km/h (oh&rg, will increase the rolling noise, a
possible approach is to fit, or retrofit, the waguith composite tread brakes or perhaps even
disc brakes.
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