A Transport Research Arena 2014, Paris

CAPACITY4RAIL project. The wagon load activity teoblogy
innovations: new freight wagons and trains

Armand Toubdl’, Franco Castagnettj Bo Olssoff

#Newopera Aisbl, Brussels, Belgium
bTrafikverket, Borlédnge, Sweden

Abstract

The Capacity4Rail freight sub project aims at inwimg the competitiveness , the reliability and the
attractiveness of rail freight transport for respiog to the more sophisticated market requiremeAts.
continuous electric line all along the train allott® installation of electro pneumatic brakes daffgrmuch
better trains manoeuvrability. It carries a buinédrmation conveying data showing the wagon andeatatus.
With predictive maintenance, train lengthening, ated information for all interested partners, lredtecessible
paths generate reliability, cost reduction and eased capacity on the network. The introductiorceftral
automatic coupling fulfils traffic industrializatio for reducing operating costs improving shuntingrdy
operations rejuvenating the wagon load trafficseesal for smaller and frequent shipments. Econainic
assessment and roadmaps for introducing technalloigicovations in rail transport are made.

Keywords:technology innovations ; wagons wired link ; Ingtaraking ; Instant release ; electronic valveafety
information ; computerized management ; wagonsgraiep change technology

Résumé

Le sous-projet fret de Capacity4Rail vise a amélida compétitivité, la fiabilité et I'attractivitdu transport de
fret par fer en répondant aux exigences du maichdaose d’'une ligne électrique continue sur lentf@érmet
d'installer des freins électropneumatiques qui @minde la manceuvrabilité. Elle porte également us b
d’'information qui transporte toutes les donnéesceamant le wagon et la marchandise. Une maintenance
préventive, un allongement du train, une infornmatiafraichie disponible pour tous les acteurs eggés, de
meilleurs sillons deviennent accessibles et géné&tena fiabilité, une réduction des codlts, etaledpacité sur

le réseau. A terme l'introduction de I'attelagecaméatique central permettra I'industrialisation 'atriélioration

des triages et la relance des trafics par wagatésisndispensables pour des envois plus petjikistfréquents.
L'évaluation économique et une méthodologie d'idtrction de ces innovations technologiques ferroegasont
proposées.

Mots-clé:innovations technolodiaues; wagons de liaisonrétaireinage instantané; libération immédiate; galv
électroniques; information sur la sécurité, gestidormatisée; changement du technologie wagonsrdes
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1. Introduction: why Capacity4Rail

During a long period of time rail freight has bemrccessful due the traffics of solid and liquidksusuch as
minerals, steel, oil, and chemicals. At the samme tjeneral cargo traffics were distributed to idldestinations
by the single wagon load system. The advent ofainetisation impacted negatively these traffic wodis while
combined transport developed rapidly across thddwdihe wagon load traffics became extremely vidbér
generating deficits in the various Railway underigk accounts despite public support to the priwidengs
investments. At the same time road transport vitlcompetitive offerings, flexibility and serviceiality took

the lion’s share of the market place.

Rail transport went into a very uncomfortable positlosing in addition to single wagons loads alsgular
traffics flows transported by block trains due t® inability to find adequate market response tdhallenges
set by the competing modes. Unfortunately for Railght these traffics transported by the singlegaraload
system were still representing a large share ofrehenue despite generating heavy fixed costs. Radikvay

undertakings’ reaction was to develop combinedspart. On this segment the transhipment operatiadshoth
the road collection and final delivery costs led¢ry low margin on the rail leg between terminalspie public
support everywhere in Europe. Facing such a diffisituation in all market segments of their insréhe
railway undertakings were forced to make choicesmiproving the financial situation of rail freight general:

 Industrialize the production of the point to pditbck trains
« Reduce their losses in single wagon load trafficdifferent type of actions such as

a) Subcontract the last mile to low cost operators

b)Select the traffics which could pay a higher @ric

¢) Transfer the risk of filling the trains to th@érmodal operators,

d) Develop hub and spoke solutions,

e) limit single wagon load traffics to few termiaalituated in high traffic attraction zones.

In order to improve the combined transport finahsituation the solution was to develop the Transepean
traffics offering long distance rail transport wiicould more easily absorb the transshipment am@xpensive
last mile costs. In fact in rail —freight the longbe journey is the lower becomes the cost pertrensported,
unlike road transport where the longer the jourisethe higher becomes the costs of the unit tramsg@oThis
simple paradigm is dictated by the fact that a |digjance intermodal train is equivalent to an gidalized
transport whereas a single truck transport is binteethe drivers human needs, idle times, holidays week-
ends as well as the higher fuel consumption.

The technical difficulty encountered which is stlllimiting factor for intermodal Transport is inb@erability
necessary to have a seamless transport chain dewwepe. Multi-current locomotives equipped with Ithu
control command system allowed to bridge that gappbrarily until a unique European rail train magragnt
system becomes available everywhere at an affeedatst.

The major shippers concern is the reliability af thil transport which is affected by this lackinteroperability
by the various rail bottlenecks in central Europd by the priority given to passengers’ trains. [ites the gaps
to be overcome are well known, the problem solvengomplicated since during a period of decreagieght
volumes in Europe, passengers transport is devejogapturing most of the Rail infrastructure invesits
while Rail by-pass on congested traffic zones reamgsfor improving freight trains performances st
waiting.

The situation rather than improving is likely to nsen In order to develop the high speed systemriecessary
to allow high speed trains to run on classical ti@tks in connecting part of the journeys. Morecaound
large urban concentrations a network of frequegiorel trains are organized for gathering the pagses using
high speed services in connecting stations. Inteadpassenger trains accelerate quickly reachpeped of
around 160km/h or more for intercity trains and Kr@th for suburban trains. Heavy freight trains hare
economical speed of around 100km/h which impliessfiitient train management system for combininlg al
these different technical requirements. Needlesayothat the priority in allocating the paths ananaging the
trains are higher for passengers than for freighing. In such situation freight trains do not appt® be a
priority for rail undertakings. The ultimate resust that freight customers are not satisfied by skevice
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reliability and the transit times offered by raigight. In turn this unreliability has direct cogsences on the
railway undertakings due to the waste of resountggmcting on their financial results. This is tleason why
traffics have gone back to road and it is difficaltrealize the modal shift to rail despite all #féorts made by
the European Commission initiatives. The gaps swius therefore becoming paramount if the EU Cogsioin

long term objectives are to be fulfilled.

Capacity4Rail in its freight part analyses thespsg@roposes technical and operational solutionattoacting
shippers and logistics operators towards a railpstitive and sustainable transport system.

2. The market needs

The market needs a door to door competitive frefjtediable and reactive service. It must be easilgessible
even for smaller volumes but able to cope wheressary with rapid traffic growth. The market needsl
wants a continuous information flows on the tramsgpuogress and on track and trace due to the aseck
sophistication of longer and more complicated $uphains. Real time connection and communicatiares
vital ingredients for the ultimate users who nemdetact immediately to any emergency for avoidaryy supply
problem to their production lines. Such requirersedb not really belong to the culture of the raitea
undertakings very centralized in their decision imgk, driven more by production principles thannbgrketing
approaches. A major evolution or revolution in ey of attacking the sophisticated market nesdkédrefore
necessary. In order to satisfy the customers’ neaitiéreight has to adopt several actions for taizing the
three market segments they are serving at predeohre:

» the combined transport with a network of termir@sering most of the European traffic attractiones in
conjunction with road collection and delivery fbetlast mile distribution. This segment equateshiout
25% of the total railways traffic

» the full industrial trains for raw materials, chieals, agriculture, steel etc equating to ano#u6 of the
total traffic

All the above services need total reliability to dmnsistent, competitive and acceptable by the etgrlace. In

order to make this possible the following weaknssspresenting important rail barriers, must beravme.

The freight trains are slower than passenger tranmsdo not accelerate as quickly. So they areuéetly put

aside by the infrastructure managers. Then it taklesig time finding a new slot for these traindb#orestarted

since they consume the equivalent of roughly 4 eyagsr paths. Increasing the speed of freight traitisout
losing the transport capacity represents an impbtechnological challenge to be overcome at aordéible
price.

An important difference between passenger traimsfegight trains is the type of braking. In a fietigrain the

order of braking comes from the driver who lowdrs pressure in the continuous brake pipe all atbegrain.

The first wagons start to brake before the lassameich means that about 30 seconds are necessaheftrain

to brake effectively. For releasing the brakes dbempressor of the locomotive must fill in the brgkpe to

release the brakes of all the wagons. This typeeaétion implies that for safety reasons the péth freight
train is much wider in terms of time than the paftla passenger train.

The consequence of these quoted difficulties isithaase of incidents/problems disturbing thensaschedule

the freight trains are the victims because theictiens are much different from those of passentyairss which

can slow down quickly and restart quickly reachingir nominal speed within a short time.

3. The technological step change

The possible solutions available for bridging ttéshnological gap is providing the freight trainghaa better
maneuverability in order to have all wagons brakang releasing instantly. This can be obtainednsiailing a
wire all along the train carrying electricity foleetronic valves adapted on the existing distribsifor braking
instantly when the order arrives, reducing the lafsair in the brake pipe for braking and the tifoereleasing
the brakes. Simultaneously the electric wire cardebus of information connected to a series of@®n This
allows to give information in real time. Such teological modifications entail that the increased
maneuverability of freight trains creates usablgac#ty on the network, allowing more freight to tb@nsported
at the right time. It saves all extra costs credigdhe time freight trains are waiting to get ahpamong the
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passengers/regional trains. It enables to modtifetdoraking in order to avoid any useless stopgheffreight
train creating waste of infrastructure capacity atiter resources. This possibility of getting breftaths for the
freight trains is assessed by the infrastructureagars involved in the project.

As all wagons are braking simultaneously the safdtyhe train is enhanced by the important reductid
longitudinal forces. This simultaneous braking bbfrasgons is favourable to a lesser wear and tétveocouple
wheel/brake blocks. The sensors to be placed omvéigon thanks to the available electricity sendkitacthe
locomotive and then to the maintenance centreegiéssary information for organizing a predictivéntenance
reducing the number of very costly on-line inciderll information on wagon and cargo status arsvésded
to interested parties securing the reorganizatiothe supply chain in case of incidents. Such imiation are
extremely useful coupled with an updated ETA preduby the infrastructure manager in charge of tad p
reallocation. The sensors placed on the wagonsebrakable to perform the brake test before desairtom the
driver cabin saving half an hour of work at eacpatéure impacting the asset rotation and the seast.

The previous installation of an electric line alaihg train implies to couple the wires between wagons at
each train reshuffling . At the same time the widwdal of the buffers and their replacement by atreén
automatic coupler for the air pipe and the eleatiie reduces the dead weight and the usable lesfgtie train.
In itself such efficient and safe solution is exgiga and there is a need of analyzing the pogsibdf
introducing automatic couplers for each couple afjans linked by draw bars. This market study walidck
the existence of a sufficiently large logistics kedrfor couples of wagons. If the issue of thatlgtis positive a
simulation is conducted on the basis of a robotidecbupling of the wagons before the hump, a remoérol
of the pusher, a tagging of all wagons with RFIRIEimg the computer of the shunting yard to preplageright
composition of the departure train avoiding a sdo@shuffling before the final delivery. This indiualization
of the marshaling yards reduces the cost of this @athe single/group of wagons transport. In orttere-
launch the single/ group of wagons traffics a seakprogress have to be achieved on the main tinawiel, on
the shunting yards and on the last mile. The ilsgtah of central automatic couplers is a majopdtwvards a
production industrialization of this service angldbmpetitiveness.

The design of pocket wagons able to transport RA&0e able semitrailers on gauge B+ rail tracksesgmts a
breakthrough in the market as the major share edetliype of semitrailers have a height of 400cQBcm.
The challenge is important as this type of wagsnahile to be incorporated into a typical combirmaghgport
trains enhancing the service competitiveness byréitc bundling.

4. The solutions Implementation

The technological developments of these equipmentiesigned and tested by the equipment projeciadjsts
on benches to assess their on the -field posgsiliiTheir introduction in trains is simulated fmppreciating
their impacts while checking their global integoati A hazard analysis is performed ensuring theipdity of
introducing them on wagons. In particular the afiation of the electronic valves replacing thesslaal
distributor need a very long test period for demi@tisg their safety level, equivalent to the pregeneumatic
braking system. For this reason the project adeistrainic valves to the present braking system atrdduces a
default detection with an automatic fall-back piesitwhich is the use of the classic pneumatic hrake brake
pipe ensures in any case a safe fall-back posi®long as the length of the train remains in aeliaits to be
determined by the project.

The introduction of the central coupling increates safety level since the coupler bears higherltodinal
efforts than a traditional UIC coupling buffer ctieg much less risks of derailment in case of campion
forces because of its central position. The impéetl sensors on maintenance costs are basededintwledge
of the wagon keeper participating in the projedtedretical studies on the wheels impact of a lightel more
regular braking force applied by the composite stis&onducted by the universities associateda@tbject.

5. Economic analysis

All these developments are estimated at an in@didével to perform the cost benefit analysis. Tinpact on
traction costs is assessed by the railway undegakivolved in the project and by the operator dfeat of
wagons for new car transport. This assessment ehablselect the most efficient investments to hremceal
step change in competitiveness, reliability andevesd attractiveness of rail freight transport. Aedfic
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attention is dedicated to the impact on a possitdgonload activity if the study on the couple ofgeas
logistics concludes positively. In order to monithe future progress the economic analysis idestsignificant
KPIs characterising fundamental factors like rdligh cost reduction and network capacity. For labgl
analysis these assessments integrate the progagesimterminals studied in other parts of Capdétsil.

6. Roadmap to implementation

The final step in developing such researches andvations is to organize them in logical sequerareaf
progressive integration. Such totally new systemsetto be introduced on a convincing scale repipeiisting

systems when they become obsolete or when thegracetized. The project is limited to simulationd ke

impact of the possible innovations on the stakedrsicdsupply chains is assessed enabling to appeeitiat
introduction effects on the market place. The pognsiders first the improvements bringing a direturn to
the investor. This is the case for an improved wadesign which efficiency can be tested o prototgfier the
design phase. Subsequently it will consider sonmpoments integration creating a subsystem thabeaested
on a wagon and introduced on a train at a speoiffition. The electrification of one wagon with nelgctronic
valves complementing the existing pneumatic distdb equipped with some sensors is possible nexhdo
locomotive. The impact on the manoeuvrability astfuture freight train is tested during the eladimn of a
new time schedule by an infrastructure manager.attematic coupler and the decoupling robot catebed
separately subject to covering the risk of sucimaastment in a robot specifically designed.

The final stage of the road map is representechbystudy of a global on-line demonstrator assowadill the

supply chain stakeholders for assessing the ecanonpact of all components integration already deatied

evaluating the added value created. The studyeofrifiastructure managers on the added value gesaefor

the different stakeholders is necessary showingdssibility of inserting all these innovation metmarket with
success.

7. Conclusions

The project has four components:

a)A scientific research on a more efficient wagalesign, on metal structure, on information
simulation, on structural stresses, on wear anduteder pressure of the brake shoes

b)An Operational research for analysing the impafca better manoeuvrability on path drawing,
driving methodology in degraded modes for longaintwith buffer or central couplings

c)An Economic analysis with a cost benefit study flee various new components and for their
integration in the train system, for various newide, for new operational procedures

d)A strategic research for finding the best wayimdifoducing the innovations in a system largely
governed by ancient practices needing modernisation

Capacity4Rail creates capacity on the network amdhe basis for a viable, renewed competitive fraight
activity. Modernization and technological advancateeand innovations are necessary for changinguetexd
practices and processes. For existing point totpsémvices it will allow a better profitability bg lower
maintenance cost, a better use of available imiretsire, higher productivity, efficient rolling st and human
resources usage. It will help to progress in thredtion of the targets set up by the White PapethefEU
Commission: shifting traffics from road to rail farlong term environment friendly, competitive anustainable
freight transport system.
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