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GronaTaget

Evert Andersson
Professor och projektledare, KTH Stockholm

evertalkth.se

GronaTdaget dr ett FUD-program som initierats av Banverket i avsikt att bygga upp kompetens
och férmaga att bade utveckla och upphandla néista generations snabbtadg med anpassning till
svenska och nordiska forhéllanden. I detta ingér att taget ska vara flexibelt och kunna anvindas
i olika slags trafik - langvédga och mera kortvaga, i langa tdg och kortare. Det ingdr ocksd att
tdget ska vara skonsamt mot spdret och att taget ska kunna kora utan att skaka alltfor mycket pa

icke-perfekt spdr. Vi kommer &ven i framtiden att ha bade godstdg och snabbtig pa ménga spér.

Taget ska ge minskat buller och ytterligare ligre energiforbrukning. Téget ska fungera bra dven i
vinterklimat. Restiderna ska bli kortare och topphastigheten kommer att ligga pa minst 250 km /h,
kanske runt 300 km/h. Téaget ska vara attraktivt och komfortabelt att dka med. Det ska vara
anpassat for resande med funktionshinder. Det maste sa langt mojligt ansluta till europastandard.
Sist men inte minst ska de framtida snabbtagen ha betydligt ligre kostnader per plats-km an
dagens tdg.

Att uppfylla alla dessa krav krdver en omfattande utveckling, bdde avseende teknik,
beteendevetenskap, ekonomi och marknad. De forsta delprojekten startade 2005 och
programmet planeras pdgd dtminstone t.o.m. 2010. Programmet innehdller ett brett spektrum av
intressanta arbetsomrdden: Ekonomi, marknadsforutséittningar, trafikering och kapacitet,
boggier, gdngegenskaper och pakinningar pa hjul och spér, korglutning och aktiv fjadring,
stromavtagning, buller (externt och internt i tdget), drivsystem, energiférbrukning,
tillforlitlighet i vinterklimat, aerodynamik, férarmiljo. Men det storsta projektet handlar nu om
hur man skapar en attraktiv passagerarmiljo.

Prov med ett ombyggt Regina-tag, bl a utrustat med nya boggier och extra bullerskydd, provas
somrarna 2006 - 2008. Vinterprov gjordes under 2007.

Det finns manga samarbetande partners i detta program. Tagtillverkaren Bombardier gor stora
insatser genom att std for hdrdvaran i tdget och en hel del tekniska studier. KTH gor
forskningsinsatser inom valda omrdden. KTH har dven en samordnande roll och ska sprida
information. Transitio lanar ut ett Regina-tdg f6r prov och féreningen Tdgoperatorerna ansvarar
for att kora provtdgen. Chalmers, Interfleet, VTI och Transrail har ocksd viktiga delar i detta FoU-
program. Konstfack arbetar med en attraktiv passagerarmljo. Sist men inte minst finns Banverket

som initierat hela programmet.

I programmets slutfas ska méjliga specifikationer tas fram. Dessa kan ligga till grund for dem
som sedan ska upphandla och mera konkret utveckla framtidens snabbtdgssystem - pa sikt
troligen efterfoljaren till bl a X 2000. Taget ska kunna anviandas dven for snabb regionaltrafik.
Det ska kunna anvéndas for att snabba upp trafiken pa befintliga spar och dven pa de nya
héghastighetsbanor som vi hoppas sd smaningom ska komma till stdnd &dven i Sverige. Vi tror
att tdget kan passa dven for 6vriga Norden.

GronaT4get dr "gront” genom att det ska vara tyst och energisndlt. Men framforallt dr det tankt
att vara attraktivt och prisvirt for passagerarna sa att folk valjer att ta det miljovéanliga tdget i
stéllet for att aka med andra transportmedel.
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Utbildning i jarnvagsteknik — nulage och utmaningar

Mats Berg

Jarnvagsgruppen, KTH, Stockholm
mabe@kth.se

Svensk jarnvigsutbildning fram till 1988 skedde huvudsakligen genom davarande SJ.
Uppdelningen i SJ och Banverket d& samt ytterligare uppdelning av SJ senare har forandrat
denna bild vésentligt, liksom den tilltagande internationaliseringen. Svenska hdgskolor — framst
LTH, KTH, Chalmers och LTU - har numera en viktig roll inom jarnvégsteknisk utbildning och
forskning.

Sedan ndgra ar tillbaka ger LTH (campus Helsingborg) i samarbete med Jarnvagsskolan
(Angelholm) en tredrig hogskoleutbildning till “jarnvagsingenjor”. Tonvikt ligger pa jarnvigens
infrastruktur. Studenterna kommer huvudsakligen direkt frdn gymnasiet eller fran en

anstillning inom Banverket.

Svensk civilingenjorsutbildning, som numera dr pa fem &r, ger begrinsade mojligheter att
forkovra sig inom jarnvégstekniken. Framst erbjuder KTH kurser inom jarnviagsomrddet, idag
ett tiotal inom vitt skilda delomrdden som Spéarfordons dynamik, Elektrisk traktion,
Tagtrafikplanering och Signalsdkerhetssystem. De sista 2-2,5 aren kan studenter inom vissa
civilingenjorsprogram vélja en delvis jarnvégsrelaterad fordjupning mot Fordonsteknik (vég-
och sparfordon), Anlédggningsprojektering eller Trafikplanering.

Det utlindska inslaget av studenter pa tekniska hogskolor i Sverige har utvecklats dramatiskt
pa senare ar, fran framst europeiska utbytesstudenter pa 0,5-1 ar till mest utom-europeiska
studenter som ldser tvddriga mastersprogram (svarande mot &r 4 och 5 i den svenska
hogskoleutbildningen). Som exempel kan nimnas att KTH idag erbjuder ca 50 mastersprogram,
tvd med viss jarnvdgsanknytning dr Infrastructure Engineering och Transport Systems. Ett mer
jarnvagsspecifikt mastersprogram pa KTH &r under diskussion.

Forskarutbildning med jarnvagsteknisk inriktning erbjuds idag i Sverige framst pa KTH,
Chalmers och LTU.

Mera praktisk jarnvagsutbildning (”training” till skillnad fran ”“education”), sker ofta genom
internkurser péa olika foretag/organisationer och i Sverige genom Jarnvagsskolan. Ett exempel
pa nordisk samverkan &r kursen Nordisk Banteknisk Ingenjorsutbildning. Uppdragsutbildning
inom jarnvégstekniken erbjuds framst av KTH, med Banverket och Bombardier Transportation
som framsta uppdragsgivare. Dylika kurser ges d& som ett fital heldagar, ofta hos aktuellt
foretag / organisation. = Andra viktiga samverkansformer bransch- h('jgskola inom
jarnvagsutbildningen &r studiebesok, exjobb och projekt inom forskar-utbildningen.

Den stérsta utmaningen ar hur jarnvigsbranschen som helhet kan locka till sig fraimst unga
personer. P& initiativ av Banverket har nyligen projektet “Kompetensférsorjning inom
jarnvagssektorn” startat. Vi i Norden delar denna utmaning med hela Vésteuropa.
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INNOTRACK — INNOvative TRACK systems

www.innotrack.eu

Ulla Espling & Anders Ekberg
Banverket / Lulea Railway Research Center CHARMEC

Ulla.Espling@ltu.se anders.ekberg@chalmers.se

INNOTRACK is a three-year (2006-09-01 — 2009-08-31) project aiming at decreasing the life-cycle
costs (LCC) with 30% in areas addressed by the project. There are 36 partners within
INNOTRACK. 8 of these are infrastructure managers (from Austria, Czech republic France,
Germany, Netherlands, Sweden, Spain, UK). Further, the branch organisations UIC, UNIFE and
EFRTC are involved. From Sweden Banverket, Damill AB and Chalmers are involved. Bjérn
Paulsson of Banverket/UIC is project leader and Anders Ekberg of CHARMEC is Scientific &
Technical coordinator of the project. The Swedish contributions amount to more than 100 man
months.

As mentioned, the aim of INNOTRACK are rather drastic LCC reductions. To achieve this a strong
interaction between infra-managers and the industry is needed. Further INNOTRACK is
organised in a transverse manner. Three “technical” sub-projects aim at deriving innovative
solutions for improved life cycle costs of foundations, rail, and switches & crossings. Innovative
here includes processes and methodologies, as well as products. These “traditional” sub-
projects are supported by three additional sub-projects that aim at identification of European
problems and assessment of European solutions, assessment of logistic needs for derived
solutions and quantification of gains in LCC and RAMS (Reliability, Availability, Maintainability
and Safety), respectively, see figure below.

The current presentation will give an overview of INNOTRACK where some of the achieved
results are highlighted. In addition, particular attention will be given to the work in deriving a
common LCC assessment methodology to be able to compare cost savings on a European level.

SP0 InnoTrack Coordination
uiC
sP2 | | SP4
SP3 Vehicle & track
SP1 - Duty Track Rail Characteristics
NR rac Switches alls General model of
Support & failure/degradation
Structure and Welding
Crossings
9 VAS/
- LCC methodology
SP6 - LCC SNCF DB CORUS RAMS technology
DB LCC models
Track subgrade Predicti Methodology for
monitoring & M reI: 'fc S Duty conditions
assessment odels for S&C | Supported track
- . . Form Best logistics practices
SP5 Logserv Evaluation and Buliidh gz Rail steel New logistics processes
ALSTOM test of SRR Material Cost effective methodologies
superstructure || cc N [ Grinding
innovations Loie el methodology
SP7 Dissemination and Training
uiCc

Figqure The organisation of the INNOTRACK-project
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Ett akustiskt perspektiv pa framtida nordisk jarnvagstrafik

Anders Frid
Bombardier Transportation, SE-721 73Vasteras

anders.r.frid@se.transport.bombardier.com

Det finns en bred samsyn i samhiillet att jarnvagstrafiken har en nyckelroll for att bidra till att
l6sa framtida 6kade transportbehov bdde av frakt och passagerare. Detta har sedan flera ar
tillbaka slagits fast badde pa europeisk och nationell niva och har i och med klimatdebatten fatt
utokad aktualitet. Att hantera bullret frdn den 6kade trafiken kommer hér in i bilden som en av
de mest visentliga faktorer som mdste hanteras och dér det finns stora utmaningar. Féredraget
kommer att ge en 6verblick 6ver var teknikomrddet jarnvagsbuller star i dag och rikta speciellt
fokus pa nagra viktiga aktuella fragestillningar.

P4 europeisk niva handlar den oomtvistat viktigaste fragan om att reducera buller fran rullande
godsvagnar. Orsaken dr de skrovliga rullningsytor som uppstér pd hjul som bromsas med block
av gjutjarn. Genom att byta material i bromsblocken &r det vélkéant att bullernivdn minskar med
typiskt 10 dB. Tekniska I6sningar finns tillgéngliga och att dtgérda problemet &r i princip en
fraga om att hitta finansieringsmodeller. Sedan négra &r tillbaka pagar ett omfattande
europeiskt lagstiftningsarbete inom ramen fér det s.k. TSD-regelverket med syfte att oka
effektiviteten och minska granshindren f6r den internationella jarnvégstrafiken. For
nytillverkade fordon finns t.ex. bullergransvarden for olika driftsfall som maste uppfyllas enligt
lag. Mycket moda inom TSD f6r buller har dgnats &t att definiera egenskaper for provspar
eftersom den vilkidnda svérigheten att skilja pa hjul- och spér-komponenten av rullningsljudet
har stor betydelse i ansvarsfrdgan. En annan stor frdga pa europeisk nivd ar inférandet av
bullerdirektivet som kommer att f& konsekvenser for storre titorter i ett forsta skede i och med
kravet pd uppréttande av bullerkartor och handlingsplaner for att minska bullernivéer vid s.k.
"hot spots”.

Néagot som ar hogaktuellt i den svenska debatten dr talet om 6kade hastigheter for persontrafik
som planeras i och med byggnaden av Gotalandsbanan och Europabanan. Aven i Norge
diskuterar man hogre hastigheter medan man i Finland tycks fokusera pé sin befintliga 200
km /h-trafik. Hoga hastigheter kommer férstas att stélla stora krav pa att bullernivéerna hélls
under kontroll. Har kommer den nya teknik som utvecklas inom det svenska programmet
Grona Téget vl in. P4 provtdget som satte svenskt hastighetsrekord i somras testades t.ex.
boggikjolar och en aktivt styrande boggi utan girddmpare vilket sinker ljudnivdn ut- och
inviandigt. I dessa hastigheter blir aerodynamiskt buller betydande och detaljutformning av
fronten och utstickande féremal pa tak och i underrede blir viktig.

Forutom lagstiftning for buller till omgivningen handlar det for tillverkarna ocksd om att
leverera fordon som uppfyller operatérernas och passagerarnas forvantningar pd en
komfortabel resandemiljé. Det &r en stor utmaning som handlar om att kombinera laga
ljudnivaer med ldg vikt och ldga kostnader. Det giller att ha ett helhetsperspektiv och kunna
balansera och integrera delsystem som kylfldktar, motorer och transformatorer fran
underleverantdrer men ocksd att anvdnda nya avancerade material och konstruktioner for
vagnskorgar och boggier.

Mekanismerna bakom rullningsljud kan anses vél utredda sedan ett tiotal &r tillbaka och
forskningsmaéssigt riktas anstrangningarna nu 4t delvis andra hall som kurv- och bromsskrik,
flaktbuller, markvibrationer och aeroakustik. Indirekt har forskning om nétning och nya hjul-
och rél-material stor betydelse eftersom den effektivaste metoden att minska rullningsbullret &r

att kora sldta hjul p4 slita réler...
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FUD inom Leverans anlaggning

Tomas Ramstedt

Banverket

tomas.ramstedt@banverket.se

Leverans anldggnings huvuduppgift ar att tillhandahdlla en anldggning som utifran planerad

tadgplan presterar den kvalitet som utlovats.

Vart resultat mits i en sdker, kvalitativ och kostnadseffektiv anldggning wur ett
livscykelperspektiv.

Vi ansvarar for jarnvigsanldggningens tekniska systemstandard och systemférvaltning av de
tekniska systemen. Det innefattar it-baserade driftssystem och trafikantinformationssystem. Vi
har dven ansvar for att utveckla och faststdlla tekniklosningar samt att foresla langsiktiga
utvecklingsbehov.

Vi tar fram underhéllsstrategier, sitter tillgdnglighetskrav pa bandelar och anldggningstyper
och analyserar de underhéllskonsekvensbeskrivningar som Investeringsdivisionen tar fram.

Att utveckla kostnadseffektiva produktions- och underhéllsmetoder, att optimera
anldggningsmassan och se till att underhallsinsatserna stor trafiken sd lite som mgjligt samt att
avgora var i anldggningen begagnat material ska eller bor anvédndas dr andra uppgifter.

Vi ansvarar for tekniska utredningar som ska klargora vilka delar i anldggningen som bor bytas
eller dér storre reparationer bor genomféras. Vi utreder d&ven om dagens anldggning klarar av
kommande kundkrav (av mindre omfattning) och om mindre kapacitetsforbattringar &r
mojliga.

Vi ér cirka 200 medarbetare i Anldggning som finns Gver hela Sverige.

FUD verksamheten kommer att fokusera pd dagens problem och kommande kundkrav.
Exempel pa  problemomrdden  dr = sparviaxlar,  kontaktledning,  sparledning,
avvattningsanldggningar, buller, vibrationer kontaktutmattning pa rél och véaxelkomponenter.

Vi kommer &dven att arbeta med att utveckla underhalls-, mit- och analysteknik.

10
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Ny TSD Lok och passagerarfordon anger EU:s krav for
nya lok, motor- och personvagnar —Vagen till ett
driftskompatibelt Europa.

Stefan Sollander

Jarnvagsstyrelsen

Stefan.Sollander@jvs.se

EU har tagit ett antal direktiv for driftskompatibilitet, sikerhet och marknadséppning i
jarnvagssystemet. Malet dr att underldtta den gransoverskridande jarnvégstrafiken. de
driftskompatibla jarnvédgarna i Europa innebér att alla fordon kan rulla pa hela infrastrukturen,
nédstan. Dessutom finns en gemensam syn pa hur trafiksikerheten ska garanteras.

De tekniska kraven pa fordon, infrastruktur och trafikstyrningssystem anges i Tekniska
Specifikationer for Driftskompatibilitet (TSD). Det finns idag TSD:er for hoghastighetssystemet
och vissa andra prioriterade omrdden (TSD for Godsvagnar, Trafikstyrning samt Drift och
trafikledning). EU haller nu p4 att ta fram TSD:er {6r det konventionella jarnvagssystemet:

» TSD Lok och passagerarfordon (alla konventionella fordon utom godsvagnar)
» TSD Infrastruktur (krav pa infrastruktur exkl. trafikstyrning och energi)

» TSD Energi (krav pa energiforsorjning och stromavtagning)

» TSD Telematikapplikationer for passagerare (info, biljettsystem mm)

Man arbetar inom EU:s arbetsgrupper med att ta fram dessa TSD. De kommer troligen att
beslutas under 2009 och trdda i kraft 2011. Syftet med TSD:erna é&r att riva de tekniska och
administrativa hindren for den grdnsoverskridande jiarnvégstrafiken. Med gemensamma
tekniska regler och fordon som &r godkénda i hela Europa kommer jarnvagstrafiken att 6ka, och
kostnaden fo6r materielen minskar eftersom man tillverkar den i storre serier.

TSD Lok och passagerarfordon behandlar kraven pa de fordon som ska rulla pa
jarnvédgssystemet. Kraven dr gemensamma f6r EU+ och de géller for sékerhet, hélsa, miljo och
driftskompatibilitet. I princip ska det racka med att jairnvéagsfordonet &dr godként i ett land for
att det ska fd rulla fritt inom hela EU. Tyvérr ser infrastrukturen olika ut i de olika staterna sa
fordonen maste vara anpassade for de linjer de ska ga pa.

TSD Lok och passagerarfordon kommer att stdlla krav inom 11 omraden:

» Struktur och mekanik (bl.a. kollisionssikerhet)

» Gangdynamik och profil (bl.a. ursparningssakerhet)

» Bromssystem (drift-, néd- och parkeringsbroms)

» Passagerarrelaterade funktioner (dorrar, info-system och larm)

» Anpassning mot miljé (inkl krav for Nordiskt vinterklimat)

» Sékerhetssystem (t.ex. el-skydd, mérkning, strilkastare och tyfon)
» Traktionssystem och strémavtagning (15 kV, 162/3 Hz i Sverige)

» Forarhytt och drift (man-maskin granssnitt, arbetsmiljo)

» Brandsidkerhet och utrymning (material, larm och utrymning)

» Service (uppstéllning, vatten, toaletter och branslepéfyllning)

» Dokument for drift och underhéll (férar- och underhéllsmanual)

11
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Specialfall for Sverige blir bredare och tyngre fordon eftersom banorna tilldter detta. Forarna
kréaver helljus och backspeglar. JVS kréver att det finns skydd mot kldmrisk vid dérrstangning.
Banverket vill férbjuda anvidndning av virvelstrémsbromsar. Fordon som ska gé i nordiskt
vinterklimat mdste vara anpassade for detta. Nar och var det finns risk f6r nordiskt vinterklimat
ska anges i infrastrukturregistret. Fordonens egenskaper ska framga av JVS fordonsregister.

TSD:erna innebidr ocksd en dndrad process for godkdnnande. Det &r anmélda organ (notified
bodies) som ska granska att fordonen uppfyller specifikationerna i TSD. Sedan ska ”den
upphandlande enheten” eller tillverkaren skriva en EG-kontrollférklaring for fordonet. Sedan
kan fordonet godkdnnas i en eller flera EU+-stater.

TSD:erna kommer att leda till nédstan driftskompatibla jarnvdgar i Europa. De tekniska
specifikationerna for fordon blir gemensamma for hela EU+. Detta underldttar den
gransoverskridande trafiken och tillverkarna kan bygga storre serier av fordon med endast
marginella anpassningar mot infrastrukturen. Detta &r végen till ett konkurrenskraftigt
jarnvégssystem i Europa.

12
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En operators teknikutmaningar och 6nskemadl om FoU
satsningar

Marcin Tubylewicz

Green Cargo

Marcin.Tubylewicz@greencargo.com

Green Cargo har gatt igenom en mycket omfattande utveckling det senaste decenniet drivet av
de svenska jarnvdgarnas avreglering. Bolaget ser helt annorlunda ut idag ndr det galler
operationell effektivitet och kommersiellt kundstyrt ledarskap dn pé den tiden vi fanns inom
affarsverket SJ. Givet den nytillkomna tkande konkurrensen och dgarnas krav péd avkastning
méste dock bolaget fortsatt i mycket hog grad fokusera pa att stindigt oka sin
kostnadseffektivitet och anpassa sitt kunderbjudande till marknadens krav.

En signifikant del av Green Cargos kostnadsmassa &r relaterad till driften av vara fordon och
underhéllet av dessa. Nir det till exempel giller underhéllet av vagnar sé dr kostnaden relaterat
till hjulslitage och hjulskador en dominant del av detta. Vi har darfor ett starkt behov av att
minimera hjulslitaget och samtidigt forstd kopplingen mellan slitage och parametrar som
axellast och medelhastighet. Projekt ihop med universiteten for att minska hjulslitaget och till
exempel béttre forstd kostnaden av att 6ka axellasten skulle vara av stor nytta fér Green Cargo,
speciellt dd vi dr i besittning av en stor méngd rddata som skulle kunna nyttjas i ett sddant
arbete.

Nir det géller hjulsystem pd lok s& &r kontroll av hjulaxlar en &tgdrd som dimensionerar
underhdllsintervall. Idag kasseras en hjulaxel vid minsta antydan till sprickbildning som
upptdcks vid optiska kontroller. Var huvudleverantor av lokunderhall kommer inom kort att
introducera avancerad ultraljudsutrustning f6r automatiserad kontroll av sprickor i hjulaxlar.
Genom denna utrustning kommer man att kunna bedéma sprickors utbredning och, vid
upprepade kontroller, sjdlvfallet dven deras propageringshastighet. Vi kommer alltsd inom kort
att ha tillgang till utrustning som teoretiskt skulle kunna mgjliggéra drift av hjulaxlar med
sprickor under kontrollerade former, om vi bara visste hur... Ett forskningsprojekt for att ta
fram procedurer for kontroll och bedémning av spricktillvaxt och parametrar f6r bedomning av
nédr axlarna slutgiltiges borde kasseras vore av stort virde for Green Cargo.

Idag finns en méangd olika metoder fér underhallsoptimering och underhéllseffektivisering.
Manga av dessa metoder dr mycket vél beskrivna pa det teoretiska planet. Nar det dock galler
tillvagagangssatt for att praktisk implementera dessa metoder sa &r den tillgéngliga litteraturen
inte alls lika tickande. Har finns en utmarkt mojlighet till samarbete mellan industri och
universitet. Green Cargo skulle mycket vél kunna std vird for sddana projekt, da vi forst och
framst &r i behov av att sénka vdra underhdllskostnader och samtidigt har en stor miangd radata
som skulle kunna utnyttjas till att konstruera pragmatiska implementeringsmetoder.

Jag har hér bara visat ett axplock av olika konkreta omraden dar en operatdr som Green Cargo
skulle behova hjdlp och samtidigt ge universitet och hogskolor majligheter till att bedriva
tillampad forskning i “verkliga livet”. Vi pd Green Cargo uppskattar mycket det samarbete som
redan nu &r etablerat mellan oss forskningsviarlden som till exempel Chalmers och KTH, och ser

fram emot fortsatt gott samarbete i framtiden.
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Towards Probabilistic Design of Railway Sleepers

Thomas Abrahamsson, Johanna Lilja & Jens Nielsen
Applied Mechanics, Chalmers University of Technology

thomas.abrahamsson@chalmers.se

The environmental conditions for railway sleepers vary from site to site and from time to time
in a fashion that can best be described as being stochastic. That goes for the weather conditions,
train loading conditions and sleeper embedding conditions. In the sizing of sleepers it may
therefore be advantageous to apply a stochastic framework instead of the deterministic
approach used today. In a CHARMEC project we focus on the sleeper-ballast contact load
distribution and it is planned that a stochastic approach to the modelling of subgrade, ballast
and traffic be used in sleeper design. The required statistical properties will be deduced from
test data. The project covers both the acquisition of test data and the development of application
oriented probabilistic design methods. The target is to optimize the sleeper to meet an
acceptable level of probability of failure.

For the acquisition of data a test campaign is planned. A sleeper-ballast contact load sensor
system has been developed which relies on a 96 distributed strain sensors to give a sufficient
time and space resolution of the contact pressure. The design of the sensor system has been
made using Monte Carlo simulations to estimate the minimum ballast stiffness distribution
correlation lengths that need to be resolved by experiments for sufficiently accurate sleeper
stress predictions. The sensors has been built in hardware and first field tested at Malmbanan
near Gillivare. A test campaign is planned to 2008 in which the load sensor system will be
roving between about ten locations in Sweden to get statistical data.

In parallel to testing an ongoing effort is to investigare methods for reliability analysis. We use
reliability analysis to calculate the probability of sleeper failure considering the variation of
loading and physical properties. Accuracy of probability predictions and computational effort
are main considerations when choosing a reliability prediction method. The Monte Carlo
simulation is regarded as one of the most accurate but also most computationally expensive
methods. Since the simulation of dynamic stresses in sleepers is very computationally
demanding we focus on other reliability prediction methods. A combination of Monte Carlo
simulation with response surface approximations has been investigated. Different response
surface approaches have been used while focussing on accuracy of the esimated probability of
failure. In this first study one single sleeper design concept and one single loading condition has
been considered.
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Materialteknisk forskning inom CHARMEC -

stal i hjul, raler och vaxlar
Johan Ahlstrom, Birger Karlsson, Martin Schilke & Krste Cvetkovski

Chalmers Material- och tillverkningsteknik

johan.ahlstrom@chalmers.se

Denna presentation kommer att ge en 6versikt 6ver vilka problemomraden vi har arbetat med i
tidigare CHARMEC-projekt och dven beskriva planerna for tva nystartade projekt.

Det kommer att handla om hjulplattor och de materialomvandlingar som sker ndra dem. En
kombination av fullskaleexperiment, mikroskopistudier och berdkningar har lett till god
forstdelse av materialomvandlingar vid hjulplattor. Vi kommer ocksé in p& hur man kan na
forbattrade egenskaper av hjulmaterial genom justeringar i tillverkningsprocessen. Eventuellt
kan sddana fordndrade material ge mindre problematiska skador vid senare hjulplattebildning.

Vi kommer tala om laserbeldggning med slitstarka legeringar for att nd minskade problem med
notning, orundhet, materialomvandlingar vid hjulplattor etc. Metoden kan ge fantastiskt goda
resultat vad géller vidhaftning och egenskapsforbattringar, men det &r viktigt att skiktet laggs
pa enligt konstens alla regler - annars finns risk for att skiktet spricker loss.

Man noterar ofta mer skador pé hjul vintertid, och detta har forstds manga orsaker. Det ar ett
faktum ar att stdlet blir hdrdare och sprodare vid 1dg temperatur, samt att man dessutom léttare
far de materialomvandlingar runt hjulplattor som gor stalet sprott. Vi har dérfor arbetat med
utmattningsprovning av hjulmaterial vid 14ga temperaturer.

Material i véxeltungor och andra extra hért pdkdnda delar av vixlar kan vara av olika slag, till
exempel manganstdl eller hdrdade stal. Trots att dessa material har véldigt olika egenskaper,
kan de bdda fungera bra i denna tuffa tillimpning. Har har vi arbetat tillsammans med andra
CHARMEC-projekt for att ge underlag for materialmodeller som kan anvéndas f6r materialval
vid dimensionering av vixelkomponenter.

I ett nystartat doktorandprojekt kommer vi att arbeta med sprickbildning i olika rdlmaterial
tillsammans med voestalpine schienen i Osterrike. Vi kommer att jamfora sprickbildning
uppkommen i drift med sprickbildning i mera vildefinierade labforsok. Aven hér finns planer
for samarbete med andra CHARMEC-projekt som arbetar med modellering av sprickor.

I ett annat nystartat projekt kommer vi studera materialomvandlingar vid snabba
upphettningar, till exempel ett for aggressivt programmerat drivsystem eller dd de lasningsfria
bromsarna inte hinner med att kompensera for hastiga variationer i friktionskoefficient. Bade
experimentella studier med mikroskopi, utmattningsprovning samt modeller av
skadeuppkomst ingdr. Projektet kommer att dra nytta av metoder for karaktérisering av
materialens beteende som utvecklats i tidigare projekt om laserbeldggning (se figur).
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Bilden visar hur hdrdheten varierar i ett tvdrsnitt av ett hirdat "mynt” av hjulstdl, dir centrum av dve-
rytan dtervirmts till 600°C under 0,5 s. Man anvinder en laserstrile for att dtervirma ytan. Experimen-
ten ger svar pd hur stilet beter sig vid snabba temperaturpulser. Det dr viktigt bide for att forstd materia-
lets egenskaper runt termiska skador och for modellering av dessa.
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Dynamic effects in transition zones of high speed
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Cristina Alves Ribeiro*, Rui Calcada & Raimundo Delgado
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Faculdade de Engenharia, Porto, Portugal
*also Linkdping University, Solid Mechanics/IEl, SE-581 83 Linkoping, Sweden

rdelgado@fe.up.pt

ruiabc@fe.up.pt

ana.ribeiro@fe.up.pt

The present work aims at studying the dynamic effects in zones of abrupt changes in track

stiffness caused by track foundations on soils with distinct deformability moduli. (One exmple

is a track embankment towards a bridge.) The soil-track-train model was developed in the

commercial program ANSYS, and the dynamic interaction between the track and the train was

performed by the application of non linear contact algorithms that are available in this program.

Simulation scenarios have been considered corresponding to deformability moduli ratios for the
foundation soils equal to 5, 10 and 20 and for the circulation of the ICE2 train at the speeds of

300 and 350 km/h. The influence of the train model on the wheel-rail interaction forces was

analysed and the use of the train axle acceleration as an indicator of the dynamic component of

this force was investigated.

Figure: Deformation of the system soil-track-train (a locomotive) at transition zone for two different posi-

tions of the locomotive.
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Ny sliper i Sverige for 35 tons axellast

Rikard Bolmsvik & Jens Nielsen
Abetong AB, CHARMEC

rikard.bolmsvik@abetong.se jens.nielsen@chalmers.se

Infor slipersupphandling sommaren 2007 gav Banverket CHARMEC i uppdrag att ta fram ett
underlag for den tekniska specifikationen som styr sliperns prestanda. Det mest utmérkande
kravet var att slipern skulle klara av en axellast pa 35 ton vilket &r en kraftig okning ifrdn
tidigare nivd pa 25 ton. Okning i lastkapacitetskrav hdrror ifrdn de transporter som sker pa
Malmbanan i norra Sverige.

Okningen i lastkapacitet innebar en foérdndring av slipergeometrin vilket gjorde att samtliga
tillverkare i Sverige behévde uppgradera sin tillverkningsutrustning (med bl.a. nya formar).

CHARMECs uppdrag innefattade utvdrdering av matresultat frdn fullskalemédtningar pa
Svealandsbanan och Malmbanan, teoretiska sparanalyser innehédllande parameterstudier samt
utmattningsanalyser av betongsliprar.

Mitningarna i spar visade t.ex. inverkan pa genererade bojmoment (réllaget och slipermitt) i en
sliper for varierade axellaster, storlek pa hjulplattor samt férdelning av ballaststyvhet ldngs en
enskild sliper. Utfallet ifrdn métningarna gav indata till de teoretiska parameterstudier som
gjordes med hjélp av tdg/sparmodellen DIFF.

Teoretiska utmattningsanalyser av befintliga sliprar utfordes fér det belastningsutfall som

registrerats vid de hjulskadedetektorer som finns ldngs Malmbanan.

Resultaten ifrdn parameterstudierna och utmattningsanalyserna gav nédvéndig information for
att faststdlla de dimensionerande b6jmoment som kravs i slipern for att klara en trafik med 35
tons axellast utan att tillféra sparet en alltfér hog styvhet som riskerar att fora Gver belastningen
till andra sparkomponenter.

Banverkets slipersupphandling 2007 gav att Abetong kommer att leverera runt 60 procent av de
sliprar som beho6vs i Sverige de ndrmsta fem aren. For att klara detta leveransomfang har
Abetong byggt om och uppgraderat hela deras sliperfabrik i Vislanda. Projektet har haft en
budget pa 25 MSEK och pédgatt under 35 arbetsveckor fran och med juli 2007. I projektet har
bland annat helt nya formar for den nya slipergeometrin tagits fram. En ny montagestation for

rilbefdstningen har d4ven byggts da Banverket ersatt tidigare E-clip befdstning med Fastclip.
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Vehicle features minimizing serious consequences of a
train derailment

Dan Brabie & Evert Andersson
KTH Rail Vehicles, Stockholm, Sweden

evertal@kth.se

In order to investigate various possibilities of minimizing train derailment consequences of
trains at higher speeds, a research program have been carried out at KTH - in close co-operation
with Banverket, S] AB, Interfleet Technology, Bombardier and Jarnvigsstyrelsen — during
2002-2007. The focus has been on passenger train derailments due to various mechanical
failures close to the wheel-track interface, as well as other causes that ultimately affect the
wheelset guidance on rails. This category of failures includes axle failures (outside and inside
wheels), rail failures, objects on track etc.

In a first step empirical evidence was gathered from authentic accidents and incidents. Until
Nov 2007 a total number of 39 events was investigated and collected in a data base. About a
third of the investigated events originated in Sweden, where also most detailed information on
the cause of events was available. Other valuable information was collected from a number of
cases in USA, United Kingdom, Germany, France and Japan. From the analysis of these
authentic events preliminary conclusions were drawn on vehicle features that may contribute to
a less dangerous derailment outcome. In some cases vehicle features were found to prevent a
derailment to occur.

The second step was to make a more precise and systematic investigation by means of a newly
purpose-developed computer simulation model. This model is able to predict the vehicle’s
behaviour when some of the wheels have derailed and thus are bouncing on sleepers. The
complete model and its associated methodology have been successfully validated in a number
of authentic cases, both on straight track and on curves. The implementation is made in the
multi-body simulation system GENSYS.

The above-mentioned analysis has pointed out a number of vehicle design features and
parameters to be favourable with regard to the outcome of mechanical failures in the wheel-rail
interface, namely:

» Wheelset mechanical restrictions (vertical and longitudinal) relative to the bogie frame
» Low-reaching parts of bogie frame, brake disc or axle box

» Couplers restricting the lateral deviation between cars

» Low centre of gravity

» Inter-carbody dampers on articulated trains, in particular in longitudinal direction.

The presentation will include some demonstrations on the suitability of different vehicles
features, including appropriate geometrical and stiffness parameters.
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RCF crack propagation in rails

Jim Brouzoulis
Department of Applied Mechanics / CHARMEC
Chalmers Univerity of Technology, Gothenburg Sweden
v03brji@vtek.chalmers.se

In this article we study the development of a single head check crack under rolling contact fatigue
(RCF) conditions. These cracks develop at the rail surface and propagate in an inclined manner,
see Figure 1. When the cracks have grown a certain distance they tend to either curve upwards
or downwards. The usual case is that the crack grows upwards and a small piece of the rail is
spalled of. However, if the crack turns downwards the result may be a straight through crack
with catastrophic consequences such as derailment. Therefore, being able to simulate the
growth of these cracks is of outermost importance.

Traction Traction

Figure 1: Head check crack and crack trajectory

In this paper we use crack advancement methods based on the so called concept of material
Jforces, which allows us to determine possible directions of propagation. In Figure 2 different
crack paths can be seen depending on the initial crack angle (10°, 20° and 45°). The studied
methods seam to show that the propagation direction is rather independent of the initial crack
angle and that the crack turns downwards after it has grown to some critical length. However,
numerous simplifications have been applied in these simulations and the method used is still in
its developing stage.
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Figure 2: Crack trajectories depending on different initial crack angles.

21



NORDISKT JARNVAGSSEMINARIUM 2008

Dynamic wheel-rail force measurements and
simulations of a high-speed train running on two

tracks with different flexibility and irregularities

Nizar Chaar & Mats Berg
Division of Rail Vehicles, KTH, Stockholm

nizo@kth.se

Vehicle-track dynamic interaction is a multi-disciplinary subject that deals with different topics
such as ride comfort and safety, track forces, wheel-rail wear, etc, and is influenced by a variety
of factors among which track flexibility and track irregularities are two important aspects.

Track misalignments are of great importance since they represent the main excitation source for
the vehicle-track system. Measurements of the track irregularities and their respective
wavelength intervals are regulated through relevant standards. For instance, the suggested
interval in UIC 518 and EN 14363 is 3-25 m, which eliminates high-frequent track forces and
hence are forgiving with regards to wheel and rail fatigue damage.

Track flexibility, is also of great interest. It is quite known from previous studies that the
stiffness variation along the track induces low-frequency oscillations of the train whereas
sudden changes in track stiffness can also cause high-frequency vibrations.

In the current work, the influence of track flexibility and track irregularities on the wheel-rail
forces in the frequency range of 0-200 Hz is investigated through numerical simulations and
pertinent on-track measurements. The case studied involves a newly designed two-car train
running at two adjacent tracks with different track components and at speeds up to 280 km /h.
In order to enhance the credibility of this work and for better representation of the track
properties, measured track flexibility and track irregularities are used for the simulations.

The vertical and lateral track flexibilities are modelled through so-called moving track models
which are situated under each wheelset and follow the vehicle at the same speed. The moving
track model data are chosen so as to match the pertinent receptances against the measured ones.
Also the sleeper passing effect is introduced by varying the track flexibility data along the track.

Measured and simulated wheel-rail forces, both vertical and lateral ones, are utilised to
investigate the influence of mainly track flexibility, track irregularities, vehicle speed and
wheelset flexibility. Time histories, statistical quantities and power spectral densities are used in
this evaluation.

The current results clearly show that the track flexibility, which varies together with the track
components, significantly influences the vertical force and to lesser extent the lateral force.
Furthermore, both the sleeper passing and short wavelength irregularities play important roles
for the track forces.
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Effektiv konicitet i TSI och praktik

Pelle Corshammar & Per-Anders Jonsson

Atkins Sverige AB, Kalendegatan 26, 211 35 Malmé
Tikab Strukturmekanik AB, Mérbydalen 9, 182 52 Danderyd

per.corshammar@atkinsglobal.com, per-anders.jonsson@tikabs.se

Ett hjulpar har en inneboende styrforméga vilken till stor del bestdms av hjulets respektive
rilens geometri. Grundlidggande for styrformdga sdvdl som stabilitet hos fordonet &r
utformningen av tvarsnittsprofilerna samt den rullradieskillnad som uppkommer mellan hoger
och vinster hjul vid en lateralférskjutning av hjulparet relativt sparet. Egenskaperna i kontakten
mellan hjul och ril &r dessutom starkt bidragande till kostnaden for underhall av fordon savél
som bana.

Ett sétt att karakterisera kontakten mellan hjul och ril &r via en sé kallade effektiv konicitet
vilken &r ofta en starkt olinjér funktion vilken allmént kan sédgas bero pa:

» Hjulprofil

» Hjulvidd

» Flanstjocklek

» Rélsprofil

» Rélslutning

» Sparvidd

» Relativ lateralforskjutning

Pa senare &r har definitionen och berdkningsforfarandet for effektiv konicitet standardiserats av
UIC och inkluderats i Tekniska Standarder for Interoperabilitet (TSI).

I foredraget diskuteras begreppet effektiv konicitet samt dess variation och inverkan pa
fordonens dynamiska egenskaper. Vidare belyses kraven i TSD samt behov av kontroll och
underhéll av savil fordon som bana.
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Timoshenko beam on elastic bed with application to
railway sleeper with under-sleeper pad

Tore Dahlberg

Solid Mechanics/IEl, Link6ping University, 581 83 Linkdping
tore.dahlberg@liu.se

An analytical solution to the problem of a vibrating beam on an elastic foundation is presented.
An application example is a concrete railway sleeper embedded in an elastic medium (the
ballast) and/or equipped with an elastic under-sleeper pad. The sleeper is also elastically
connected to the rails. Rayleigh-Timoshenko (R-T) beam theory for a beam on an elastic
foundation is used and eigenfrequencies are calculated. The beam (sleeper) is divided into three
sections that have piecewise constant properties. The central portion of the beam is slightly
thinner than the outer parts, and each one of the three parts may or may not be supported by
the elastic foundation. The elastic connections to the rails are situated at the two joinings of the

three sleeper sections.

Some conclusions are that Euler-Bernoulli beam theory can be used to calculate two, or
maximum three, eigenfrequencies of the sleeper. For higher frequencies R-T beam theory should
be used. The under-sleeper pad (or foundation) stiffness influences the lowest bending-mode
eigenfrequency the most; higher eigenfrequencies are practically unaffected by the pad
(foundation) stiffness. The influence of railpad (and rail) stiffness on the sleeper
eigenfrequencies is negligible.
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STRATOFORCE - Strain to force wayside detector

Ulla Espling & Dan Larsson

Jarnvdgstekniskt Centrum, LTU Damill AB
Ulla.Espling@ltu.se

Under flera ar har ett forskningsprojekt med namnet "DeCoTrack" (Degradation Cost of Track)
bedrivits inom ramen f6r Jarnvégsteknisk Centrum, JVTC. Med hjidlp av DeCoTrack ar det
mojligt att prediktera hur underhallskostnaden och nedbrytningshastigheten férandras om man
forandrar forutsittningarna for trafikering pa banan, tex. Okar axellasterna, dvs. ett
beslutsstodsystem for hur ett optimerat underhdll av jarnvégssparet ska utforas. For sparagaren
(Banverket) dr dessa beslutsstod av yttersta intresse eftersom man vill minska sina fasta
underhallskostnader (underhallet av spér kostar idag ca 120 kr/lsparmeter och ar) och istillet
oka kvalitén pa de stillen dar riktade underhallsinsatser behdvs. For att kunna prediktera
underhallsbehovet pa sikt dr det viktigt att veta hur olika tdgfordon paverkar nedbrytningen av
sparoverbyggnaden. Darfor har en ny métteknik utvecklats inom JVTC. Med den nya tekniken
mits de sparkrafter som olika fordonstyper utsdtter sparet f6r. Krafterna relateras sedan till de
typiska skador och nedbrytningsférlopp som kan iakttas pd den aktuella bandelen. Tekniken
bendmns Stratoforce och har omsatts i en fullskalig permanent métstation och &tta temporéara
uppstéllningar som till dags dato (april 2008) métt mer dn 30000 tdgpassager. Resultatet fran
maétningarna anvands for att typklassificera fordonen i grupper med avseende pa hur mycket
de noter pd sparet. Under de senaste aren har en allt storre efterfraigan pd denna typ av
information noterats fran savil forskare, spardgare och fordonsigare.

I utvecklingen av Stratoforce har ingétt dels utveckla system for kodifiering av data sa att det
gdr att presentera on-line, delas att paketera detta som en sdljbar och ny produkt for beslutsstod
bade till spardgare och till trafikoperator. Stratoforce levererar nu ett antal nyckeltal som &r
under utvérdering i JVTCs forskargrupper. Nyckeltalen berér:

» Preliminér fordonsprofil/ trafikprofil enligt figur 1. Det &r de stora talens lag som gil-
ler i inledningsskedet dvs inte enskilda axlars exakta gangdynamik.

» Tonnagef6rdelning mellan och inom fordonslag, se figur 2.

» Fordonsgruppernas relativa underhallsstandard,

» Statistik pa andel utliggare ex lateralkrafter > 100 kN och vertikal kraft >225 kN

» Topplista pa fordon som genererar higa sparkrafter samt trenddata

» L/V gransviarden som underhéllsgrins, se figur 3.

» Anloppsvinklar for alla axlar som passerar matstallet.

» Underhallsshistorik (Rdl) — slipning, utbytesfrekvens (nér borjar ubyte i kurvor),
rélssmorjning,

» Banprofil — andel spm kurvor i olika radie intervall. Kurvor som driver slitage, ytu-

mattning, vagbildning.
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Vertical and lateral forces
100
Iron ore
Iron ore train
=z 80 train A
= c
8 60
Lo
® 40
g Light | Passenger Sltebe B
S 2 freight | train sa
train train
0 T T T T T T
0 50 100 150 200 250 300 350
Vertical force [kN]
Gross tonnage per year
o5 5000
S 4500
& . 4000
2 @ 3500
£ o
.:. £ 3000 O Others
o 2 2500 - O Passenger train
£ .g.. 2000 1 @ Freight train
2 2 1500 )
a £ 1000 4 W Iron ore train
o 500
0] 0
N WWowWwmwo Wuwww o v
NN T AT NN YO
T U R R A )
oa w2 e w00
MO NWLUNMNMONLWNSO
- - - - N NN NOM
Weight/axle [metric tonnes]

Figur 1. Grov fordonsklassificering/qruppering. Figur 2. Fordelning av olika fordonsklasser.
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L = lateral kraft (max vérde per axel), V = vertikal kraft per axel (statisk + dynamisk
axellast). Vertikal linje i diagrammet korresponderar mot +/- 1*StdDev.

Figur 3. Exempel pd uppmiitta fordonsklassers L/ V-forhillanden (lateralkraft/vertikal axelkraft) samt
spridningsmdtt inom respektive klass.
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Ar den fordonstillverkande industrin anpassad till en
avreglerad marknad?

Lars Fehrlund & Hakan Sjostrom

Green Cargo

Lars.Fehrlund@greencargo.com

Manga av Green Cargos timmervagnar av littera Lnps 4r i slutet av sin tekniska livslangd. 2002
genomfordes en upphandling av 186 kortkopplade timmervagnar efter en funktionell
specifikation. Ett av kraven var att vagnarna skulle dimensioneras for axellasten 30 ton.

En forserievagn tillverkades och genomgick tester, bland annat ett UIC518 prov. Proven visade
att enstaka mindre justeringar kravdes. Gdngdynamiskt fanns inga 6verskridanden.

Nar fordonen satts i trafik kom tidiga rapporter om kraftigt hjulslitage pa samtliga vagnar i
trafik.

Foredraget beskriver de tekniska problemen som fororsakade hjulslitaget samt hur problemet
réttades till.

Fragor som

» vad gick fel
» varfor gick det fel
» kan liknande problem undvikas?

kommer att diskuteras.
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Thermal impact on RCF of wheels

Hdkan Hansson & Anders Ekberg
Chalmers University of Technology, Applied Mechanics / CHARMEC

hakan.hansson@chalmers.se, anders.ekberg@chalmers.se

It is well known that surface initiated rolling contact fatigue damage of railway wheels is often
accompanied by thermal damage. Thermal damage of railway wheels may be manifested in
many ways. The wheel material may be transformed. A (probably) benign case is the mis-
coloring of spots on the wheel rim. A more severe form is the martensite transformation of the
wheel material, which is normally accompanied by wheel flat formation. The restrained thermal
expansion of the heated surface material may cause tensile residual stresses to build up in a thin
surface layer as the wheel cools. If these residual stresses are high enough the result will be
thermal cracking that may range from “brick pattern” like cracks that are fractions of
millimeters deep up to wheel collapse due to radial thermal cracks that extend into the wheel
disc.

In design of railway wheels thermal loading is accounted for by restrictions on residual stresses
and deformations. However, this design focuses on cases where the thermal loading is the
completely dominating load. In contrast a recently started PhD-project at CHARMEC focuses
on cases where mechanical and thermal are interacting and damage is a result of the combined
loading. These types of damages constitute the majority of surface cracks on railway wheels. It
could be noted that these types of damages are not restricted to tread braked freight wagons,
but also exit on passenger wheels which are mainly disc or electrically braked.

Thermal loading affects the mechanical response and damage formation in several aspects.
Firstly, the heating may decrease the yield limit and increase the ductility of the material. This
may lead to increased low-cycle fatigue damage and wear. Secondly small thermal cracks may
decrease the wheel material’s resistance to subsequent mechanical loading.

To analyse and quantify the effects of thermal loading on mechanical resistance, a finite element
model has been designed. The model accounts for non-linear plastic hardening of the wheel
material. This is needed to simulate the severe plastic deformation of the surface layer of the
wheel in a realistic manner. The backside of this sophisticated material model is that the
simulations become very computationally demanding. To limit computational efforts it is
therefor desirable to be able to transform the simulations to a two-dimensional model. For
simulation of mechanical wheel-rail contact a plane strain model of a plane perpendicular to
the wheel axis has normally been adopted. In contrast, for thermal loading a plane strain model
with a cross-section parallel to the wheel axis is the natural choice. To compensate for this mis-
match is far from straight-forward.

The current presentation will give an overview of thermal and mechanical surface damages of
wheels. Then focus will shift to approaches for numerical simulations. Some preliminary
simulations will be presented and the result discussed.
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Combined effects of noise and vibration from railway
and road traffic

Tomas Jerson, Evy Ohrstrom & Mikael Ogren

WSP Environmental
Department of Occupational and Environmental Medicine at the Sahlgrenska University Hospital/
Gothenburg University
Swedish National Road and Transport Institute

tomas.jerson@WSPGroup.se

To make the planning in reduction of noise and vibration measures more effective and thereby
reducing the risk for the origin of health effects, it is important to have knowledge about the
coupling between noise and vibration from train and road traffic. With the purpose of
increasing the knowledge in those fields which have an larger importance in the society through
increasing, faster, longer and heavier train traffic Swedish Rail Administration granted research
resources to WSP Environmental in co-operation with the Department of Public Health and
Community Medicine at Sahlgrenska Academy and the Swedish National Road and Transport
Institute. The project started in 2006 and will be carried out in 2010.

One of the projects purposes is to investigate the connection between disturbance and exposure
to noise and vibration from train traffic. The second purpose is to survey the train bonus, which
means that noise from rail traffic is percepted as less annoying than road traffic noise. Finally
the concurrent effects between simultaneous exposure from train and road traffic will be
surveyed. The effects will be evaluated in every case with an inquiry and studies of the sleep
quality in laboratory experiments. Field measurements of noise and vibrations will be carried
out at selected spots in the experiment areas.
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Experimental study of the influence of USP on track
response using LSQ on field measurement data

Johan Jonsson, Philippe Schneider, Rikard Bolmsvik, Tony Johansson &
Jens Nielsen
Vagverket Konsult ~ Schweizerische Bundesbahnen SBB  Abetong Teknik ~Christian Berner
CHARMEC

johan-o.jonsson@vv.se philippe.schneider@sbb.ch rikard.bolmsvik@abetong.se
tony.johansson@christianberner.com jens.nielsen@chalmers.se

Under Sleeper Pads (USP) were initially introduced to spare the ballast by generating a larger
contact surface between the sleeper and the ballast. Later, a more resilient type of USP was
suggested to handle environmental vibrations. This new type of USP may change the track
dynamics and introduce relatively large displacement amplitudes in the frequency span 30 to 40
Hz, the same frequency range that is used when tamping the ballast. Aiming for higher train
speeds and/or train axle loads, it is a general consensus that track quality in terms of a Track
Quality Index (TQI) is better maintained when using USP. All these effects together results in a
reduced track maintenance which makes it economically favourable to use USP at many places.
An additional effect may be the decrease in impact of environmental groundborne noise and
vibrations when used in sensitive areas. Still key questions to be answered are: Why is the TQI
maintained when using USP, and in what way does the USP change the track dynamics?

Since relatively few investigations concerning the use of USP have been reported, it was
decided to conduct comprehensive measurements at a specially prepared test site in
Switzerland consisting of a double track divided into six sections, one reference section without
USP and five sections with different USP. The following quantities were measured: sleeper
acceleration and sleeper strain from passing trains; rolling stiffness using a special purpose
rolling stiffness measurement vehicle; track receptance; and rail roughness. This study focuses
on a correlation analysis of the measured quantities using least squares (LSQ). Among the
results, the following is observed: a larger track stiffness standard deviation for track sections
without USP than for sections with USP; an almost linear relation between acceleration
standard deviation and sleeper strain standard deviation, and an almost linear relation between

sleeper acceleration standard deviation and train speed.
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Konicitet och kurvradieférdelning — TSD Godsvagnar
och sarskilda forhallanden i Sverige

Per-Anders Jonsson & Sebastian Stichel

Tikab Strukturmekanik AB, Mérbydalen 9, 182 52 Danderyd
KTH Sparfordon, Teknikringen 8, 100 44 Stockholm

per-anders.jonsson@tikabs.se stichel@kth.se

Kontaktforhallanderna mellan hjul och rdl &r visentligt bidragande for de dynamiska
egenskaperna hos fordonen sdvil som kostnaden for underhdll av fordon och bana. De
karakteriserade ofta via den sa kallad effektiva koniciteten.

I Sverige anldggs banor med en réllutning pa 1:30 vilket ger unika forhallanden. Vidare har
banorna i Sverige en stérre andel kurvor med liten radie jamfort med manga lander i centrala

Europa. Detta stiller sdrskilda krav pa fordonens styrférmaga och dynamiska egenskaper.

I foredraget diskuteras skillnaderna i hjul/rél kontaktforhéllanden mellan Sverige och liander i
centrala Europa samt dess inverkan pd de dynamiska egenskaperna hos fordonen. En visentlig
skillnad &r lagfrekvent korginstabilitet som férekommer i Sverige. Speciellt hos godsvagnar
med standardlopverk i enlighet med Teknisk Standard for Driftskompatibilitet, TSD
Godsvagnar.

Korginstabilitet kan uppkomma vid typiska driftshastigheter hos godstdg vid de laga till
medelhdga vdrden pa den effektiva koniciteten som ges vid nominella férhéllanden for
kombinationen S1002 hjulprofiler och BV50/UIC60 riler med lutning 1:30. Risker med
korginstabilitet och méjliga 16sningar pa problemet diskuteras.

Vidare exemplifieras hur skillnad i styrférmédga hos fordon med olika standarlopverk inverkar
pa kostnaden for underhdll av systemet.
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Preventing sun-kinks

Elena Kabo & Anders Ekberg
Chalmers University of Technology, Applied Mechanics / CHARMEC

elena.kabo@chalmers.se, anders.ekberg@chalmers.se

Sun-kinks or lateral buckling of the track is one of the most feared phenomena in railway

engineering. The mechanism is very straight-forward:

1. Heating of the rail causes thermal expansion.

2. If the thermal expansion is restrained (as it is in a continuously welded rail), a com-
pressive force will be induced in the rail.

3. The track will buckle if the resistance to track displacement (in terms of ballast resis-
tance, lateral bending resistance of the rail, etc) is not high enough.

4. Large lateral deflections of the track are developed when rail is fed into the buckled
zone as the axial forces are locally relaxed. Buckling of the track may cause a relaxa-

tion of axial rail forces up to 200 meters from the buckled zone.

To analyse the formation of sun-kinks and thus identify parametric influences is far more com-
plicated than what the straight-forward mechanism implies. The formation of buckling is in
theory a stability phenomenon. This means that at a certain load the resistance is overcome and
the track will buckle. Consequently there exists a well-defined critical load. However in reality
there are always initial imperfections in the track geometry. These will drastically reduce the

magnitude of the critical load. In addition they will make the critical load less well-defined.

To analyse the risk of sun-kinks while accounting also for the important effect of initial track
imperfections, a finite element (FE) model of the track was designed. The numerical analysis
basically consisted of a two-step solution where first the eigenmode of the buckling of the
(geometrically imperfection free) track was assessed. This eigenmode was then introduced as an

initial imperfection in the track and a limit load analysis was carried out.

To facilitate variations in geometry, sleeper spacing etc, a pre-processor was developed. Using
this tool, parametric studies were carried out to assess the influence of curves, hanging sleepers,

imperfection amplitude etc. The simulations and results will be presented at the seminar.

The second aspect of sun-kink formation that has been analysed is the lateral resistance of the
sleeper. This is a highly crucial factor since increasing this resistance is one of the most effective
means of counter-acting sun-kink formation. The simulations featured a constitutive model of
the ballast material that has previously been developed within CHARMEC! and calibrated to-
wards experimental tests. Results of a parametric study showed the influence of altering the
ballast geometry. In particular the effect of increasing the height of the ballast shoulder seems to

be very limited.

1 www.charmec.chalmers.se
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Stochastic analysis of dynamic interaction between

train and railway turnout

Elias Kassa & Jens C. O. Nielsen
Banverket, LA Sparvaxel, Borlange CHARMEC/Department of Applied Mechanics, Goteborg

elias.kassa@banverket.se jens.nielsen@chalmers.se

The dynamic interaction between a train and a railway turnout depends on a large number of
parameters related to the nominal design and the current conditions of both systems. For a
given turnout design, there exist wide variations related to the loads from the passing trains
due to different train types (passenger and/or freight), bogie designs, wheel profiles, wheel
diameters, axle loads and train speeds. There also exist wide variations with respect to the
geometry and material properties of the specific turnout, such as track gauge, track stiffness,
sleeper spacing, etc. Degradation during the service life of the turnout leads to a wide variation
in rail profiles, track irregularities and rail surface irregularities.

The influence of 14 input parameters on wheel-rail contact force, wear and RCF on the switch
rail in a turnout has been investigated by using a design of experiment methodology. From the
screening design, four input variables were identified to have the greatest influence. It is shown
that axle load and friction coefficient have the largest effects on the dynamic response. The
parameters that were identified as the most important were then investigated more thoroughly
with a higher level factorial design. Here, a three-level full factorial design was applied. Several
responses, such as normal contact force, rolling contact fatigue index and wear index were
treated. Response surface models were generated for each individual response and for a
combination of the individual responses. A combination of a severely worn tread wheel profile
with a set of highly deformed rail profiles gives the highest wear index. It is shown in the
calculated response surfaces that a high axle load combined with a high friction coefficient, a
wheel profile with a severely worn flange and a set of severely worn rail profiles leads to the
highest damage indicator value. This points out the importance of maintaining good wheel and
rail profiles, otherwise an acceleration in wheel/rail degradation will take place.

It is also demonstrated that stochastic distributions of the input parameters need to be
accounted for in the design process in order to derive relevant load spectra that the turnout will
be subjected to. To determine input data for the statistical distribution of rail profiles along a
turnout, a number of rail cross-sections were measured using the MiniProf equipment in several
turnouts. Likewise, the statistical distribution of transverse wheel profiles was obtained from
workshop measurements. Of particular interest in the present study is the probabilistic
modelling of random fields such as the deviations of the measured wheel profiles and sets of
rail profiles from the corresponding initial (nominal) profiles. Models for stochastic analysis
have therefore been integrated with the simulation of dynamic train-turnout interaction. The
random distributions of transverse wheel profile and set of transverse rail profiles along the
switch panel are included by the Karhunen-Loéve expansion technique. This expansion method
has been shown to be an efficient tool in reducing a large number of stochastic variables to a
small number of uncorrelated stochastic variables, maintaining sufficient accuracy. The
influence of the random distributions of the input parameters on the statistical outputs of
wheel-rail contact forces, wear and rolling contact fatigue is assessed using Latin hypercube
sampling to generate a number of stochastic load realizations.

It is concluded that the suggested probabilistic approach is useful in optimization of the turnout
design and that it may provide guidance in defining tolerance limits for the geometry of the
turnout.
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Vibration filters for activity comfort in passenger trains

Shafiquzzaman Khan & Jerker Sundstrom

Rail Vehilces, Kungliga Tekniska Hogskolan (KTH), 100 44 Stockholm
Swedish National Road and Transport Research Institute (VTI), 581 95 Link&ping

j.sundstrom@vti.se

An activity comfort filter has been developed on the basis of the laboratory experiments on two
activities, reading and writing. The laboratory experiments conducted on lateral vibration at
various discrete frequencies from 0.8 to 8 Hz. Subjects were asked to rate the difficulties imme-
diately after performing each activity. The lateral filter was developed on the basis of two vibra-
tion amplitudes peak 0.4 m/s2 (rm.s = 0.2828 m/s2) and peak 0.8 m/s2 (r.m.s. = 0.5656 m/s2)
under various discrete frequencies from 0.8 to 8 Hz as a function of difficulties. The vertical fil-
ter was developed on the basis of vibration amplitudes r.m.s. = 1.0 m/s2. Both filters will pre-

sumably work with parallel of Wz filter.
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Att prestera i kyla i jarnvagsmiljo, under hoga krav pa

trafik- och elsakerhet

Anders Linné & Ulla Espling

Iskallt ~ Ulling Consulting
Centrum for Riskanalys och riskhantering vid Luled tekniska universitet

Ulla.Espling@ltu.se

Jarnvédgssystemt ska erbjuda samhéllet en hog transportkvalitet alla tider pa &ret. Under
perioden november till mars forsdmras kvalitén med tdgfoérseningar som foljd. Dessa beror pa
bl.a. pa det tekniska systemet fordon/bana innehaller komponenter som ar kénsliga for kyla,
mycket fokus ldggs ner pa att anpassa drift och underhall for att 16sa dessa problem samt att
identifiera riskomraden. Men man glommer ofta att utveckla, forbattra anpassa forhallandena

for den personal som ska bedriva underhdllet i en miljo dar stora krav stills pa el- och
trafiksdkerhet.

Drift och underhdll av jarnvdgssystem sker till stor del utomhus p& geografiskt utstrdckta
anlaggningar och fordon i trafik, i sma tidsfénster och under hoga krav pa el- och
trafiksdkerhet. Detta stéller hoga krav pd personalen med avseende pd& kompetens och
erfarenhet. Inom vissa omraden krdvs mangéring utbildning och &rlig certifiering vilket innebér
att personalen utgér nyckelkompetens. Samtidigt utsédtts denna personal for stora risker, inte
bara med avseende pd el- och trafiksikerhet, utan ocksd av omgivande faktorer sdsom
klimatpaverkande faktorer, t.ex. kallt klimat som definieras fran temperaturintervall T< 10°C.
Tillgénglig statistik visade att under 2002 utsattes 16,4 % (22,7 % av ménnen och 9,5 % av
kvinnorna) av samtliga anstéllda i Sverige f6r kyla vid utom- eller inomhusarbete under minst
en fjardedel av arbetstiden (Statistics Sweden, 2002). Nedkylning férsvagar alla former av
funktionsférmdga. Kylan reducerar blodcirkulationen i huden, hianderna och f6tterna, den hojer
blodtrycket och belastar hjartat. Speciellt i tungt arbete kyls andningsorganen ned och
luftvdgarna kan dra ihop sig. I arbete, som pagatt i aratal i kyla, tycks speciellt led- och
muskelbesvir utvecklas mera dn i motsvarande arbete i viarme (Institutet for arbetshygien)

Konceptet att “Prestera i kyla” bygger delvis p4 en ny metod som utvecklats att med hjilp av
termografi méta varmeforlust (nedkylning) av kroppsdelar resp. hur fort kroppen aterhdmtar
sig. Metoden som utvecklats av Anders Linné vid I19:s vinterenhet (Numera Iskallt) genererar
data som Sppnar upp for flera nya forsknings- och utvecklingsomraden, bl.a.;

» Inom hélsovetenskap &r det 6vergripande syften &r att validera termografi som metod
for att mata koldkanslighet.

» Inom Arbetsvetenskap och teknisk psykologi dr det 6vergripande syften &r att soka
utveckla en metod att méata upplevd kyla och dess samband med termografi- och fysi-
ologidata samt kylans faktiska och upplevda péverkan pa mental och beteendemaéssig
féormaga (upptdcka, tolka och minnas information samt agera korrekt).

» Inom Samhallsbyggnad och Drift- och underhallsteknik: Overgripande syften &r att
konkret minska problemen med kéldskador och samtidigt 6ka arbetskapacitet hos
personal som utfor service och underhdllsatgarder i kallt klimat. Koldskadekritiska
arbetsmoment inom service och underhdll ska kartlidggas samtidigt som identifiering
av hur dagens arbetsverktyg och fasta tekniska system paverkar underhéllsperson-

alens exponering for kyla. Projektet ska ocksa foresla nya tekniska losningar f6r verk-
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tyg och system (fasta anldggningar) och att férdjupa kontakten med tillverkare av
teknisk utrustning sa att dessa kan medverka i projektet och leverera nya prototyper
till utrustning som &r béttre utformade for att minska koldskador.

Konceptet innehéller férutom ovan angivna forskningsprojekt:

» Utbildningspaket (2 till 30 timmar)
» Metoden
» Attlindra/reparera/syresitta

» Ger input till produkt- och tjansteutveckling
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Tagtrafiksimulering av en framtida utformning av

strackan Malmo-Lund
Mats Lithner

Banverket Projektering Malmo

mats.lithner@banverket.se

Strackan Malmo-Flackarp har dé antagits vara utrustad med fyrspér fran Malmo till Flackarp
och med dubbelspar pé den resterande delen fran Flackarp till Lund. Overgangen fran fyrsparet
till dubbelsparet sker via s k 130-véxlar, d v s viaxlar som tilldter en storsta hastighet (sth) pa 130
km/h. Lund station har antagits vara utformad som idag forutom att dagens spar 4 inte har
anvants. De tidtabeller som anvénts baseras pa en antagen trafikering dels f6r dr 2020 och dels
for &r 2030. Den innebér att det gér ca 14-15 respektive 15-17 tdg per h i vardera riktningen i
hogtrafik. Det dr d& frdga om s k blandad trafik med snabbtdg, Oresundstdg och pagatidg med
olika sth samt ndgra langsamma godstag.

Resultatet av simuleringarna pavisar for ar 2020 att det for strdckan Malmd-Lund finns en
positiv aterstillningsforméga, vilket innebér att férseningarna for tdg som inkommer i systemet
minskar fram till att de ldmnar systemet. Den slutsats som kan dras &r att den antagna
trafikeringen inte &r tillrdckligt hog for att gora dubbelspérsavsnittet Lund-Flackarp till en
flaskhals som orsakar stora méngder med merf6rseningar.

For &r 2030 pavisar simuleringarna att kapacitetsutnyttjandet dr hogre &n for ar 2020 och
ddrmed att storningskédnsligheten ar storre. Dock &r aterstdllningsformdgan fortfarande svagt
positiv. En studie av utfallsgraferna visar att det genomsnittliga antalet tdg som maste sakta ner
eller stanna pa grund av att det endast dr dubbelspar mellan Lund och Flackarp fér norrgédende
tdg okar fran 1,3 stycken per timme i alternativet ar 2020 till 2,2 stycken per timme i alternativet
ar 2030. For sodergdende tdg dr motsvarande 6kning fran 0,9 till 1,2 stycken per timme. Denna
jamforelse och den tidigare redovisade ”svagt positiva” aterstdllningsférmagan antyder att den
trafikering som alternativet 2030 representerar ligger ndra “kapacitetstaket” och i praktiken

troligen skulle vara storningskénslig och “svérstyrd”.

Aven andra orosmoment existerar. Belastningen pa spéaren i Lund &r relativt sett hog och kan i
samband med forseningar eller att vissa tdg har (for) ldnga uppehéllstider orsaka
merforseningar. En annan intressant iakttagelse &dr att det kan uppstd kapacitetsproblem

gillande sparen i Lund om tdgen har ”alltf6r stora slack” inbakade i tidtabellens ankomsttid till
Lund!

I bildspelet redovisas d@ven en simulering som haft som syfte att studera de kapacitetseffekter pa
tagtrafiksystemet som ett inférande av ERTMS niv4 2 (ERTMS L2) kan innebéra.

Studien har utforts genom att for den aktuella trafikeringen 2012 gora en jamforande
kapacitetsanalys pa strickan Lund — Malmé6 utrustat med dagens signalsystem (ATC2)
respektive med ett ERTMS L2-system.
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Framtida tags energiforbrukning

Piotr Lukaszewicz

Inst for Farkost och Flyg, KTH, Teknikringen 8, 100 44 Stockholm
pilu@kth.se

Jamfort med kring mitten av 1990 talet sa har restiderna for resandetagen i nuldget minskat med
25 - 40%. Medelhastigheten har 6kat med 25 - 50%. Trots de Okade hastigheterna har
energiforbrukningen for resandetdgen inte okat. Taget dr det enda transportslag som har fatt
denna utveckling. Anledningen till detta dr banupprustningar, nya strackningar har byggts som
tilldter hogre hastigheter, men framférallt att modernare tdg ersitter dldre tag successivt. Om en
jamforelse gors mellan ett lokdraget 4 vagnars IC-tdg fran 1994 med ett 3 vagnars Regina tag pa
strackan Stockholm - Visterds sa har energiférbrukningen sjunkit frén ca 120 Wh/pass-km till
ca 87 Wh/pass-km vilket dr en minskning med ca 28% . Riknar per tdgkilometer si har
férbrukningen minskat fran ca 11,6 till 8,2 kWh/tag-km.

Moderna tag 4dr energieffektivare dn dldre ur flera synpunkter. Lagre luftmotstand,
energidtermatande bromsar, hogre elektrisk verkningsgrad i tdg och banmatning, béttre
utrymmesutnyttjande samt en hog Dbeldggningsgrad baddar for en 1lag specifik
energiforbrukning. Energiférbrukningen kan uttryckas specifikt per tagkilometer eller
personkilometer. Om férbrukningen uttrycks per passagerarkilometer sa tas dven i beaktande
operatorernas formaga att gora tagresan attraktiv. Ju fler passagerare som reser dessto ldgre blir
forbrukningen rdknat per passagerare.

Det nya hoghastighetstidget som planeras i projektet Grona Taget har potentialen att f4 en dannu
lagre specifik energiforbrukning jamfort med dagens tag som tex trafikerar strackan Stockholm
— Goteborg. Om en jamforelse gors med X2000 pa denna striacka sa kommer restiderna att bli ca
2:30 (non-stopp) jamfort med 2:45 f6r X2000. Den specifika energiférbrukningen sjunker med ca
35% fran 77 till ca 50 Wh/pass-km. Anledningen till detta &dr att det nya hoghastighetstaget
kommer att f& en mycket bra aerodynamisk utformning vilket kommer att leda till ett lagt
luftmotstdnd. En bredare vagnskorg kommer att leda till ett battre utrymmesutnyttjande och
ddrmed fler sittplatser per tdgmeter. Grona taget far ca 2,9 platser/m vilket kan jamféras med
ett Europeiskt hoghastighetstdg som har ca 1,8 - 2,2 platser/m. TGV duplex har ca 2,6 platser/
m. Antalet drivna axlar kommer att 6ka och ddrmed s& kommer dven den 4termatade effekten
och energin att bli hég vid bromsning. Allt detta leder till en ldgre energiférbrukning.
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Alarm limits for wheel flats

Jens Nielsen, Elena Kabo & Anders Ekberg
Chalmers University of Technology, Applied Mechanics / CHARMEC

jens.nielsen@chalmers.se elena.kabo@chalmers.se anders.ekberg@chalmers.se

Wheel flats are a rather common phenomenon where a piece of the wheel rim has been worn
flat due to sliding on the rail. When a wheel flat impacts the rail, the result is a very high impact
force. The high impact results in high bending moments in the rail, which will promote fracture
from pre-existing cracks in the rail head (e g head checks).

The establishment of alarm limits for railway wheel flats is a very important and sensitive topic.
On the one hand it is very costly to abort operation of a wagon due to a wheel flat. On the other
hand an allowance of too high vertical forces on the rail may result in an epidemic of rail breaks.
This is naturally a safety risk, but it may also cause higher costs for the operators besides the
cancellation of one wagon due to the traffic disturbances that may result. Consequently it is
crucial to specify alarm limits of the right magnitude.

Current Swedish regulations relate the alarm limits to the size of a wheel flat. This is not an
optimal situation since it may be both difficult and dangerous to try and locate a wheel flat in
operation. Instead the trend is towards specifying limiting magnitudes of the wheel-rail contact
force as measured by wheel flat detectors. To this end an understanding and a quantification of
the consequences of high wheel-rail contact forces is needed.

Rail cracks typically originate at the gauge corner. They result from frictional forces between
wheel and rail. As the crack grows it often deviates in a transverse direction. The crack growth
then shifts to be driven by rail bending. The effect of high wheel-rail contact forces can then be
related to which bending moments they introduce in the rail. The bending moment will depend
on the dimensions of the wheel flat, its impact position, and a number of other track parameters
such as the track stiffness (where hanging sleepers are an extreme case). In order to carry out
parametric studies, DIFF (a code to study high-frequency dynamic wheel-rail interaction) was
calibrated towards measurements on Svealandsbanan. Further, an idealised time history of a
wheel flat impact was designed, and a worst-case time history identified through numerical
simulations. With this numerical model it was then possible to evaluate rail bending moments

for a number of operational conditions.

To quantify the influence of rail bending moments on the risk of fracture linear elastic fracture
mechanics was employed. Through finite element simulations stress intensities for rail head
cracks had been evaluated in previous projects. These were complemented by analytically stress
intensity factors for rail foot cracks.

For each crack size bending rail moments, and thus contact forces, that would cause a rail
fracture were then evaluated. Temperature was here found to play a crucial role since a
temperature below the stress free temperature of the rail introduces a tensile stress and thus an
additional loading on the crack.

The presentation will describe employed methods of analysis and numerical results.
Implications and additional work needed to establish alarm limits will be discussed.
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Improving ride comfort in trains with active
suspension
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There is a general trend towards increased rail vehicle speeds. This increase has a negative
impact on the passenger ride comfort, since the vibrations transmitted from the track up to the
carbody become larger. It is difficult to further improve ride comfort with conventional passive
suspension in trains. Therefore, active secondary suspension has been considered and
investigated as an alternative for several years. Although significant improvement of ride
comfort has been shown, active secondary suspension has not yet reached its final breakthrough
into service operation because of the relatively high costs for implementing and maintaining
active technology in rail vehicles.

This paper is based on a study trying to find a compromising solution between, on the one
hand, good performance and, on the other hand, acceptable costs. The study is part of the
research and development programme Grona Téget (Green Train) with the aim to develop the
next generation of high-speed trains for Nordic conditions, increasing vehicle speed from
today’s 200 up to 250-300 km/h. Within the study, simulation models of a rail vehicle and
actuators have been built up to be able to predict the running behaviour with different
parameter configurations. The paper describes the concept of so called sky-hook damping,
which has been investigated for ride comfort improvements. Furthermore, a so called HOD
(Hold-Off Device) function has been studied, whose objective is to centre the carbody in curves
with high lateral track plane accelerations in order to avoid bumpstop contact and to enable
higher speeds in curves. In summer 2007 on-track tests were performed with a two-car EMU
(Electrical Motor Unit), using electro-hydraulic actuators in parallel with the secondary
suspension in one of the two cars. It was shown that the chosen parameters found through
simulations were close to optimum. Furthermore, evaluated measurement results showed good
ride comfort improvements and reduced quasi-static motions between carbody and bogies. On-
track tests are also planned for summer 2008, with a further improved actuator and control
algorithm.
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The Manchester benchmarks for rail vehicle simulation

Ingemar Persson
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The Rail Technology Unit at Manchester Metropolitan University in England has shown great
interest for using simulation tools in vehicle design and in understanding of Rail Vehicle
phenomenon. The first benchmark conducted by the Manchester Metropolitan University was
published in 1999, where a four-axle passenger vehicle and a two-axle freight vehicle were
analyzed.

Today a new benchmark is being undertaken to assess the impact of wheel-rail contact
modeling assumptions on the simulation of railway vehicle dynamics. The benchmark is split
into two simulation cases: the first, Case A, using a single wheelset to show the differences
between the contact models and the second, Case B, using a simplified railway vehicle to assess
the effect of the different contact models on the simulation of vehicle behavior.

Case A was published in January this year. Case B specifications were opened in April 2007 and

to date is ongoing.
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Considering the total cost of railway operations, it is important to reduce the deterioration
caused to the track by rail vehicles and vice versa. Radial steering running gear, where the
wheelsets take up approximate radial positions in curves, is an important mean of reducing rail
and wheel wear. Radial self-steering bogies are used on more than 1200 rail passenger vehicles
in Scandinavia since the early 1980’s. The maximum service speed of these vehicles ranges up to
210 km/h.

A new radial self-steering bogie was tested the summer 2006 and 2007 on the Regina 250. The
results confirm that the use of such bogies can be extended into the high-speed area of at least
250 km/h. The bogie showed excellent running stability at high speed also at difficult
combinations of rail and wheel. The curving performance was unproblematic, even thou the
result is not equally good as for a radial self-steering bogie designed for 200 km/h like the

original Regina.

There has previously been some scepticism on the feasibility of radial self-steering bogies for
higher speeds, in particular with respect to running stability. These tests have moved the
scepticism to speeds above 250 km /h.
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Motion sickness in tilting trains
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Carbody tilting is today a mature and inexpensive technology accepted by most train operators,
allowing higher speeds in curves and thus reduced travel time. However, motion sickness is an
issue still holding back the full potential of tilting trains; see the study “Tilting trains, a
description and analysis of the present situation” by Persson (2007).

Evidence of motion sickness has been reported in air, in space, at sea, on cars, on trains, at
fairground rides etc. There are more reports of motion sickness in tilting trains than in non-
tilted trains, and the share of the passengers getting motion sick is also higher.

Motion sickness as result of provocative experiments in laboratories is one very important key
in finding the cause of motion sickness as the provocative sensations in laboratories may be
simplified compared with the real environment. Laboratory tests have proven that translations
in all directions can cause motion sickness; it is only a question of magnitude. Weighting curves
exists as results from the laboratory tests, with sensitivity peaks at frequencies of 0,2 Hz or
below. Pure rotations seam to have less correlation to motion sickness than translations.
Combinations of motions, in particular translation combined with rotation, are highly effective
in creating motion sickness.

All the laboratory tests causing motion sickness have been performed at amplitudes higher than
measured in tilting trains. In particular this is the case for rotations.

Motion quantities measured in tilting trains differ from motion quantities measured in non-
tilting trains by increased levels of vertical and roll motions at frequencies below 1 Hz. These
increased levels of motions may contribute to the difference in experienced motion sickness
between non-tilting and tilting trains.
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Operating with wheel flats leads to severe, periodically appearing impact forces, giving rise to
material damage and safety problems. Additionally, the occurring large high-frequency
vibrations of wheel and rail result in high noise radiation.

In order to develop criteria for wheel replacement, it is important to be able to predict the
impact forces caused by different types of wheel flats, which requires the application of
simulation models working in the time domain. As time-domain models are generally more
computationally demanding than are frequency-domain models, there is a need for efficient
time-domain solutions.

The authors have developed a fast time-domain model, which simulates the dynamic high-
frequency interaction between wheel and rail. Track and wheel are described as linear systems
using impulse-response functions that can be precalculated. The contact zone is modelled by
non-linear springs in a Winkler bedding, allowing for loss of contact. This general model
enables the calculation of the vertical contact forces generated by the small-scale roughness of
rail and wheel, by parametric excitation on a discretely supported rail and by discontinuities of
rail and wheel like wheel flats and rail joints.

In this presentation, the fast time-model model is applied to study the excitation caused by
wheel flats. While many models in the literature introduce wheel flats as an equivalent
indentation on the rail, another approach is chosen here. The excitation caused by a wheel flat is
modelled by rotating a wheel with a flat, whose profile in the contact zone is updated in every
time step.

The influence of parameters like the length of the wheel flat, its shape (e.g. newly formed and
rounded), train speed and axle load is investigated. The results from the model are discussed
and compared with results from literature.
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Bakgrund

EuroMaint Rail AB &r det storsta foretaget i Sverige inom tdgunderhéllsbranschen.

Forutom litt och tungt underhall av alla typer av rullande jirnvagsmateriel utfors dven

ombyggnader, moderniseringar och komponentupparbetning.

EuroMaint Rail ingér i koncernen EuroMaint, vilken &gs av Ratos. EuroMaint expanderar och
etablerar sig alltmer internationellt, och har i sin strategi markerat att satsningen pa teknisk

utveckling dr mycket viktig.

EuroMaint Rail, som dven underhaller godsvagnar (framst i de norra regionerna i Sverige) har
funnit att fraktoperatdrerna har en stor andel vagnar som inte utnyttjas pd grund av att de &r
under transport till och fran en underhallsresurs, vantar pa rangering, vantar pa underhall,
behover omlastas p g a akut underhallsbehov mm.

Sammanfattning av presentationen

Presentationen beror vad majoriteten av underhéllsbehoven av godsvagnar utgors av, ndmligen
hjulskador, samt gor uppskattningar om hur detta paverkar volymer av vagnar och véantetider
pa underhdll. Vidare tas det upp vilka konsekvenser kortare vintetider kan ge for
vagnstillgénglighet och intikter / kostnader for en fraktoperator.

Metoder och forslag for att sinka véintetider beskrivs, och dessa baseras i princip pd en
ambulerande underhdllsservice, vilken forutsitter helt nya underhéllsutrustningar och nytt
beteende i underhdllstjdnsterna. Speciell fokus kommer att ske pd nyutvecklade
underhéllsutrustningar hos EuroMaint Rail, men dven konceptet med ambulerande verkstad
tas upp.

Presentationen avslutas med att verifiera rimlighet och genomférbarhet av nytt
underhéllskoncept baserat pa nya underhéllsutrustningar.

Speciella underhillsutrustningar som kommer att presenteras.

Det dr speciellt portabla utrustningar foér hjulsvarvning och bromstestning som kommer att
presenteras. Overgripande teknisk prestanda och utformning kommer att beskrivas i ord och
bild, men inget tekniskt material kommer att ldmnas ut.
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Identification of wheel-rail contact force
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ronasi@chalmers.se

When direct methods are unfeasible as in the endeavour to determine the contact force between
the train wheel and the rail, one has to resort to indirect methods. This project focuses on
optimization-based methods for the identification of contact forces with the aim of developing a
reliable and robust load identification scheme. A particular issue is the choice of discretization
in space-time, as the sampling instances of the measurements, the parameterization of the
sought input and the discretization of the pertinent state equations are all decoupled, in contrast
to traditional methods e.g. dynamic programming.

In a preliminary study, a 2-D disc is considered as a representative of a train wheel. A radial
concentrated force rotates around the disc’s perimeter (representing the contact force acting on
the rim of the wheel) while radial strains are measured on a set of points corresponding to the
strain gauges position. The strain history data is used in the identification procedure where the

applied force is sought to minimize the discrepancy between the predicted and measured strain
history.

In this presentation the convergence of the spatial and temporal discretization of the model and
time parameterization of the loading history will be investigated. Furthermore, with the aid of a
sensitivity analysis the influence of measurement noise can be estimated.
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Tracks and wheels for higher speeds and
axle loads on Swedish railways

Johan Sandstrom
Chalmers University of Technology, Applied Mechanics / CHARMEC

johan.sandstrom@chalmers.se

There are today plans to increase both highest allowed speeds and highest allowed axle loads

on Swedish railway lines.

Heavy haul traffic with axle loads in excess of 30 tonnes is carried out around the globe. The
Swedish challenges lies in the extreme winter climate together with the need to keep the line
accessible also for passenger traffic. As for high-speed operations exist in many parts of the
world, but mainly on dedicated tracks. Since the number of potential passengers as compared
to distances traveled in Sweden is relatively low, there is a need for low-cost solutions where
high-speed trains are operating on existing tracks with mixed traffic. These two challenges form
the background for a CHARMEC! PhD-project carried out at the department of Applied
Mechanics of Chalmers University of Technology. The aims of the project are deriving
knowledge about and solutions for fatigue damage in wheels and rails.

In the first stage of the project the focus has been on rail damage. The risk of rail breaks is
studied from a mechanical and statistical point of view. In particular the influence of impact
loads from flatted wheels is investigated. There the risk for fracture due to a wheel flat impact
depending on the impact position of the flat and the position and size of a rail crack is assessed.
Further, the growth of a rail crack until fracture is studied, and in particular the influence of
wheel flat impact loads on crack growth rates. The concluding results are that lower
temperatures and larger cracks increase risks of rail breaks by making also smaller flats
dangerous. However, wheel flat impacts in “suitable positions” occur to seldom to give any
significant increase in crack growth rates. In other words undamaged wheel causes almost all
crack growth, but wheel flats are crucial in that the increased loading they impose decreases the

allowable crack length with respect to final fracture.

Another crucial issue in heavy haul and high-speed operations is the reliability of insulated
joints. Loading of rail joints during subsequent wheel passages is studied to assess
corresponding fatigue damage. A finite element model to simulate wheel passages and resulting
plastic deformations is developed in ABAQUS. For a realistic simulation, the full wheel-rail
contact problem is solved and an in-house material model capable of capturing large strain and
multi-axial ratcheting deformation is employed. A parametric study assesses the influence of

the width of the insulating layer and load characteristics.

The current presentation gives an overview of methods and results of the two studies outlined
above. Future plans for the project includes relevant research to address maintenance and

inspection needs of wheels of high-speed trains.

1 www.charmec.chalmers.se
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Experiences from the Swedish T43H Hybrid

Locomotive

Mattias Skoglund', Peter Bark' & Stefan Ostlund?
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mattias.skoglund@tfk.se

The paper presents experiences from operation of the Swedish hybrid locomotive (T43H). The
locomotive has a series hybrid propulsion system with a comparatively small diesel engine and
a large battery pack. The original layout was a traditional diesel-electric power train.
Indications from switch operations show fuel savings of 37 to 50 % with the hybrid locomotive.
The Swedish experiences are thus in parity with North American experiences that have shown
savings of 30 to 80 %.

Although Swedish freight trains generally are electrically fed, most switch locomotives are
diesel powered. Switch locomotives generally have low average power need due to intermittent
duty. However, in order to haul trains, high tractive effort is required during short intervals,
which is why large, high power diesel engines are used. In recognised duty-cycles for switch
locomotives, idling is typically set to 60-80 % and the average power need is 5-10 % of the

maximum power rating.

The evaluation shows that hybrid locomotives used in switch duty have significant advantages
compared to conventional diesel locomotives in terms of reduced fuel consumption and
improved environmental performance.

Keywords: Hybrid locomotives, shunting, hybrid technology, freight operations

48



NORDISKT JARNVAGSSEMINARIUM 2008

Effektivare underhallskoncept for fordon—hogre

tillganglighet och lagre underhallskostnader
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Bakgrund

EuroMaint Rail AB dr det storsta foretaget i Sverige inom tdgunderhallsbranschen. Forutom 1att
och tungt underhdll av alla typer av rullande jarnvigsmateriel utférs &ven ombyggnader,
moderniseringar och komponentupparbetning. EuroMaint Rail ingar i koncernen EuroMaint,
vilken &gs av Ratos. EuroMaint expanderar och etablerar sig alltmer internationellt, och har i sin
strategi markerat att satsningen pa teknisk utveckling dr mycket viktig.

Sammanfattning av presentationen

Presentationen handlar om hur man kan skapa effektivare underhallskoncept for fordon. Den
behandlar ~ bdde  befintliga och  nylevererade fordon. Traditionen = inom
jarnvagsfordonsunderhdllet har wvarit att man har samlat de olika planerade
underhéllsaktiviteterna till att utforas som storre arbeten dér fordonen tas ur trafik. Dessa

arbeten kallas vanligen for 6versyner och revisioner.

Med nytt tinkande och moderna datasystem 6ppnas majligheterna att kunna félja méanga olika
underhdllsatgarder pa system- och delsystemnivd. Detta giller oberoende om

underhéllsatgirderna skall utforas pa fordon eller p& komponenter som foljs pé individnivé.

Genom att bryta ned 6versynerna och revisionerna i mindre oberoende delar ppnas goda
mojligheter att effektivisera underhallet. Dels vad gdller tillgingligheten, dels vad galler
underhéllskostnaderna.

Vinstpotentialer:
» Battre utnyttjande av kapitalkostnader. Kapitalkostnaderna f6r fordon tagna ur trafik

for underhall minskar.

» Forbattrad tillgénglighet.

» Minskade underhallskostnader da underhéllsdtgarderna i hogre grad kan utféras da
atgdrderna verkligen behdvs och inte da ett statiskt underhdllsupplédgg sédger att de
ska I goras.

» Optimalare utnyttjande av tillgdngliga personalresurser. Jimnare arbetsbelastning i
verkstdderna.

Kapitalkostnader: Jarnvagsfordon dr ofta dyra. Fordonen madste darfoér kunna utnyttjas sa

mycket som mojligt.

Tillganglighet: Utfér s4 mycket som mgjligt av de planerade underhdllsatgirderna under
fordonens naturliga driftpauser eller vid andra tillfdllen d& de d&nda maéste styras till verkstad.

Underhallskostnader: Genom att de tidigare stora underhéllsitgdrderna delas upp i mindre och
oberoende atgérder 6ppnas stora méjligheter till att battre kunna optimera underhallet.

Personalresurser: Fler och mindre underhdllsatgédrder ger storre mdjligheter att kunna kapa
arbetstoppar och Dbéttre kunna prioritera mellan skadeavhjdlpande och forebyggande

underhéllsatgarder.
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Simulator for Sparburen Trafik, SST — [agesbeskrivning
och framtida utveckling

Jerker Sundstrom & Mats Lindstrom
Swedish National Road and Transport Research Institute (VTI), 581 95 Link&ping

j.sundstrom@vti.se

Redan 2001 identifierades ett nationellt behov av en simulator for sparburen trafik.

Under &ren 2003 tom 2007 har s& en simulatorprogramvara utvecklats i ett samarbetsprojekt
mellan VTI, Uppsala universitet och ett antal industripartners, anknutna till projektet som
utvecklare eller som medlemmar i projektledningen. Bland dessa finns Bombardier Signal,
Bombardier Transportation, Sightline Vision, Banverket, Jarnvdgsskolan (f.d. Svensk
Tagkompetens) och Aerotech Telub. Projektet har finansierats av Vinnova, Banverket och
deltagande industripartners.

Projektets syfte har varit att utveckla en simuleringskédrna som skall kunna anviandas i ett flertal

tillimpningar dér simulering ar ett lampligt hjdlpmedel, samt bygga en hytt med férarbord,
anpassad f6r montering pa en av VTLs rorelseplattformar.

Fem tillimpningsomr&den har identifierats.

Beteendevetenskaplig grundforskning
Utbildning och tréning av forare
Utvérdering och anpassning av tekniska l6sningar

Utveckling och anvindning av ny teknik

SO

Utredningar och projekteringar.

Simulatorn skall kunna konfigureras som fristiende PC-simulator men dven som en avancerad
simulator med kabin, instrumentering, ljudsystem och rérelseplattform etc.

Bland de programmoduler som bygger upp simulatorplattformen finns:

» Fordonsmodell med olika typer av tdgsétt

» Signalsystemlogik

» ATC2 funktioner

» ETCS gréanssnitt

» 3D-presentation av spér, signaler och omvirld
» Grafisk presentation av instrument

» Scenariohantering och loggning av data

Programvaran som utvecklas inom projektet dr av typen Oppen Killkod. Kallkoden och en
forkompilerad version 1.3 finns att hdmta ner frdn SourceForge (http://sourceforge.net/
projects/sst).

Tackvare intresset frdn jarnvagsbranschen och behovet av uppgraderade funktionaliteter star
nu SST infor en ny utvecklingsfas.
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Measurements and simulations of lateral rail vehicle

dynamics with large suspension deflections

Dirk Thomas & Mats Berg
Dep. of Aeronautical and Vehicle Engineering, Centre for ECO2 Vehicle Design, Royal Institute of
Technology (KTH), Stockholm, Sweden
dthomas@kth.se

Rail vehicles are often exposed to strong lateral influences due to curves and imperfections of
the track. Depending on the operational speed, curve layout and imperfection magnitudes these
influences can lead to large lateral suspension deflections in the rail vehicles. In recent years an
increased interest in building lighter rail vehicles to achieve less energy consumption has
emerged. However, building lighter vehicles increases the sensitivity of the vehicles to
crosswind. The crosswind results in even larger suspension deflections and higher vehicle
overturning risk due to a larger lateral carbody displacement relative to the centre of the track.
During the last twenty years overturning accidents of rail vehicles caused by crosswind have in
fact occurred.

To be able to estimate the overturning risk and take possible counteractions, knowledge of the
lateral dynamics of rail vehicles with large suspension deflections is required. However, field
experiments using an overturning rail vehicle are not practicable due to safety and economical
reasons. Also a reproducible crosswind situation in field is hard to create. Therefore the
simulation of rail vehicle dynamics is a necessary and important tool.

In order to validate such simulations, displacement measurements were performed on one
vehicle of a test train running on several railway lines in Sweden during the summer 2007.
These measurements included suspension deflections due to curves and track imperfections.
Transducers measuring the relative lateral displacement between the carbody and each bogie
were installed. Furthermore, two transducers were installed on one bogie on the outer sides
measuring the relative vertical displacements between bogie and carbody in order to get
information about roll motion of the carbody. In addition lateral acceleration signals were

recorded on a roller bearing box of one wheelset, bogie frames and carbody.

Multibody simulations are then performed and compared with the measurements in order to
study modelling effects within the simulations, and to make conclusions on the prediction of
overturning risk. The simulations include quasi-static and dynamic cases in 2D and 3D. Quasi-
static simulations are performed in 2D in the vehicle cross-section representing half a vehicle
with three degrees of freedom. Quasi-static lateral accelerations gained from the measurements
and curve layout properties are used as input to the model. 3D simulations are performed for a
whole vehicle model where running speed and track properties including track imperfections
are representing the input. The simulations give reasonable results and represent a useful tool
for prediction of overturning risk. Further improvements of the suspension modelling are
needed though.
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Multiple crack interaction with RCF-loading
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Fracture and material degradation are of paramount importance for the life estimation of
railway components. One particular class of fracture phenomena is associated with RCF
(=rolling contact fatigue) in rails and wheels; a typical phenomenon is head checks which are
pre-existing short surfacebreaking cracks in the rail with a spacing of about 2-3 mm. Since the
crack spacing increases with the crack length, crack interaction becomes important. It turns out
that such interaction results in either enhancement of the crack-driving force due to increased
stresses or reduction of the crack-driving force due to crack shielding.

The crack-driving force is defined in the context of material forces, which is a measure of the
energy release rate due to a (virtual) variation of the position of the crack tip. In fact, it is a
generalization of the classical J-integral (as known from linear elastic fracture mechanics).

In this presentation we present 2-D FE simulations of the rolling contact problem using a in-
house code written in FORTRAN 90. We discuss an idealized loading situation c.f. Figure 1. In
view of all uncertainties it is challenging to carry out a numerical investigation of parameters
that affect the crack interaction. The object of this investigation is to carry out a sensitivity study
in order to obtain a better understanding of the “model”. Parameters of interest is: initial crack
angle, initial crack spacing, distribution of initial crack length, load contact zone in relation to
spacing, FE mesh sensitivity, material properties (in particular the friction coefficient).
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Figure 1: Geometry of the rail specimen
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Rail corrugation growth on curves
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Chalmers University of Technology, SE-412 96 Géteborg, Sweden.
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The running surface of a new or recently ground rail contains roughness (irregularities) with
small amplitudes and a wide range of wavelengths. When exposed to railway traffic, such
roughness may develop into a periodic irregularity with higher amplitudes and a more distinct
wavelength. This is referred to as rail corrugation. Below vehicle speeds of approximately
250 km/h, railway noise generation is dominated by the wheel-rail rolling contact and this
means that corrugation acts as one important excitation mechanism. Apart from noise issues,
corrugation gives rise to increased dynamic loads which causes damage to track and vehicle
components. Future increased exploitation of rail networks with higher speeds and axle loads
means that it is of great practical concern for railway industry to find ways of reducing the
generation of corrugation.

Corrugation is caused by time-variant fluctuations of the conditions in the wheel-rail contact.
When a bogie negotiates a curve increased creepages and tangential contact forces are created,
and as a consequence curved track is more likely to develop corrugation than tangent track. The
magnitudes of the tangential forces increase with decreasing curve radius. This is a contributing
factor to the extensive corrugation observed in small radius curves commonly existing in metro
systems.

A model for simulation of dynamic train-track interaction on a curve that simultaneously
accounts for low-frequency vehicle dynamics and high-frequency excitation because of short-
pitch corrugation is being developed. The in-house simulation program DIFF3D is employed.
DIFF3D includes descriptions of a flexible track discretely supported on sleepers and a flexible
wheel axle. Detailed studies of for example the influence of traction as well as wheel-rail
friction, curve radius and non-symmetrical rail profiles on corrugation growth will be
performed.

Corrugation Analysis Trolley (CAT) measurements have been initiated to regularly monitor
corrugation growth on selected curves in SL’s track network. Typically corrugation is observed
on the inner rail of curves with a radius of around 150 m. Figure 1 shows roughness spectra
from measurements performed on four occasions on the inner rail of a curve at Alvik — Stora
mossen. The solid line shows the roughness spectrum that was measured before rail grinding
was carried out. Large roughness levels in the wavelength interval 4 — 10 cm caused by short-
pitch corrugation are observed. The gradual formation of new corrugation after grinding is also
noticed.

Figure 1. Spectra of measured corrugation at Alvik
o . . _ - Stora mossen (SL track network) averaged into
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Temperatures at railway tread braking — a parametric
study

Tore Vernersson & Roger Lundén
CHARMEC, Chalmers / Epsilon Utvecklingscentrum Vast, Goteborg, Sweden
Chalmers Applied Mechanics - CHARMEC, Géteborg, Sweden

tore.vernersson@chalmers.se roger.lunden@chalmers.se

A thermal model of railway tread braking has been developed for use in calculations of wheel
and brake block temperatures. Two-dimensional finite element models of block(s) and wheel
are coupled via a contact interface that controls the heat generation and also the heat
partitioning between block and wheel through thermal contact resistances. The thermal power
generated at the block-wheel interface during braking is determined from train braking data. A
model for heat transfer from the rolling wheel into the rail has been developed where a film
with thermal contact resistance is placed at the wheel-rail interface.

In previous work the thermal model was calibrated using experimental data for wheel and
blocks under standard brake rig conditions, and also under the cooling influence from the rail
which was introduced using a “rail-wheel” in the rig. Furthermore, the model has been
successfully calibrated using results from field studies. The model can be used to efficiently
design tread braking systems for both freight and passenger trains. It can handle stop braking,
drag braking at constant brake power, and intermediate periods of cooling. The temperature
history during a full train route can thus be calculated. The inclusion of heat transfer from
wheel to rail means that the model is useful for comparing brake rig tests, where normally the

chilling influence from the rail is not included, with in-field tests.

In the present work, the model is utilised to study temperatures and partitioning of heat and
energy during different braking set-ups and braking loads. First, the influences from
geometrical changes are studied, with parameters such as wheel design, wheel wear and block
wear. Also the effect from choice of brake block configuration is studied. Second, the influence
from brake block material is considered. This comparison is of high importance when low-
friction brake blocks of LL-type are being introduced as retrofit solutions for cast iron brake
blocks. Third, the influences from braking parameters are studied. Gradient braking on
mountain descents are simulated but also the related case of brake system malfunctioning. Stop
braking and emergency braking are studied. Fourth, the importance of rail chill is studied with
respect to shape and size of the contact patch. Considering the fact that hollow wear of the tread
profile affects the shape of the contact patch and hence the effect of rail chill. The results will be
presented in graphs that give an overview of brake temperatures and energy transfer during
tread braking.

Tread braked wheel with two brake blocks in 2Bg configuration.
Heat is partitioned between blocks and wheel and conducted from
the hot wheel to the cold rail
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Influence of under-sleeper pads on track dynamics

Stephen Witt

Linkdping University, SE 581 83 Linkdping, Sweden
Stephen.Witt@gmx.de

The track stiffness (i.e. force on track divided by track deflection) experienced by a train will
vary along the track. Sometimes the stiffness variation may be very large within a short
distance. One example is when an unsupported sleeper is hanging in the rail giving, locally at
that sleeper, a very low stiffness of the track. Another example of an abrupt change of track
stiffness is the transition from an embankment to a bridge. The irregularities of track stiffness
will cause variations of the wheel/rail interaction forces, and these force variations will
normally imply track degradations such as track settlement due to permanent deformation of
the ballast and the underlying substructure. As soon as track geometry starts to deteriorate, the
variations of the train/track interaction forces increase, and this speeds up the track
deterioration rate.

This presentation discusses how the stiffness of a track can be modified by use of under-sleeper
pads. A transition area between two parts of the track, with different track stiffness, can be
designed to reduce the variation of the wheel/rail contact force (and a smooth wheel/rail
contact force at the transition area will minimise the track deterioration). Two possible ways to
obtain a smooth transition are available:

(a) the stiffness of ballast and substructure in the transition area can be modified (the sub-
structure stiffness can be influenced by, for example, grouting, concrete plates, etc),

(b) under-sleeper pads can be used to control the track stiffness.

In the presentation it is demonstrated that under-sleeper pads can be used to control the track
stiffness variations, thereby decreasing the wheel/rail contact force variations. In another part
of the study, a random track stiffness is created (each sleeper has its own ballast stiffness), and
under-sleeper pads are used to smoothen the stiffness variations.
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Trafikberoende sparnedbrytning och kopplingen till

olika egenskaper hos fordonen

Johan Oberg
Banverket, Sparsystem Sundbyberg
johan.oberg@banverket.se

Principiellt bor de olika jarnvagsforetagen (operatdrerna) betala avgifter som motsvarar det
ytterligare sparslitage som deras respektive fordon orsakar. Denna princip &r ocksa foreskriven
i Jarnvagslagen (SFS 2004:519). Detta &dr grundidén med s k. differentierade spdravgifter. Det bor i
sin tur incitament for féretagen att investera i sparvénliga fordon.

Med spdrnedbrytning avses den successiva trafikberoende forsamringen eller ”slitaget” av
infrastrukturen, i forsta hand sparet. Bdde Gver- och underbyggnaden paverkas av de
trafiklaster som framfors och det spelar inte bara roll hur mycket som kors utan ocksa vad som
kors pa sparen. Med spdrvinlighet avses fordon som orsakar liten spdrnedbrytning
("spérslitage”) per kord km eller bruttoton-km. Med mindre spdrslitage foljer lagre kostnader
for Banverkets underhdll av infrastrukturen. Ibland kan dessutom fordonsédgarna dra férdel av
exempelvis minskat hjulslitage.

Att det faktiskt finns tydliga skillnader — och ibland stora skillnader — mellan det ytterligare
sparslitage som olika fordonstyper ger upphov till visar de studier som Banverket gjort och 1atit
gora. I ett gemensamt projekt mellan Banverket och KTH har en modell {6r sparnedbrytning
tagits fram. Fyra olika typer av nedbrytning ingdr; namligen spdrligesnedbrytning,
komponentutmattning, rullkontaktutmatining och notning av réler. Modellteorin grundar sig pa
resultat frdn omfattande studier av Europeisk jarnvagsexpertis (UIC och ORE) och studier av
engelska jarnviagsmyndigheten RSSB.

Rullkontaktutmattningen och notningen av rélerna baseras pa den friktionsenergi som omsitts i
hjul-rilkontakten. Denna parameter har bestimts genom omfattande simulering (GENSYS)
med variation av fordons- och spdrparametrar, inklusive olika friktion och smérjning/icke
smorjning. Med uppgifter om den huvudsakliga trafiken och fordonen pd Banverkets nit
kalibreras modellen mot den genomsnittliga drliga marginalkostnaden for spdrslitage. Det
mojliggor en direkt koppling mellan sparslitage och orsakad kostnad, t.ex. per kord bruttoton-
km, for olika fordon.

Modellen &r implementerad i ett Excel-baserat berdkningsverktyg med namnet DeCAyS
(Deterioration Cost Associated with the Railway Superstructure). Genom att anvénda
nedanstdende representativa fordonsegenskaper for att bestimma spdrslitaget, har olika

generella fordonskoncept utvirderats och jamforts utifrén deras sparvinlighet.

» Tjanstevikt (bruttovikt f6r godsvagnar)

» Antal axlar

Axelavstand i boggi

Oavfjadrad massa per hjul

Longitudinell styvhet i hjulparsstyrningen

v v v v

Antal sittplatser for passagerarfordon

» Storsta tilldtna hastighet (sth) f6r fordonet

» Tagkategori— t.ex. A, Beller S (rdlsférhojningsbrist)
» Hojd och lateralférskjutning av tyngdpunkt

Generellt kan man sédga att det som karakteriserar ett “sparvénligt” fordon &r ldg axellast, bra
kurvtagningsegenskaper, lag hastighet samt att massan (vikten) av de komponenter som &r i
direkt kontakt med sparet — s.k. oavfjidrad massa — &r 1ag.
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Design av somnforsok i lab med vibrationer och buller
fran tagtrafik

Mikael Ogren, Tomas Jerson & Evy Ohrstréom
VTI, Box 8077, SE-402 78 Goteborg

mikael.ogren@vti.se

Banverket finansierar sedan 2006 ett forskningsprojekt med forkortningen TVANE
(www.tvane.se), som syftar till att undersoka flera aspekter pd stérning av vibrationer och
buller fran tagtrafik. En delundersokning dr somnstudier i lab dér ett antal férsokspersoner far
sova i ett somnlaboratorium dér de utsétts for olika exponering av buller och vibrationer. Syftet
ar att fa fram data kring eventuell samverkan mellan buller och vibrationer, t.ex. om buller

maskerar vibrationseffekterna sa att dessa upplevs som mindre stérande.

Att exponera forsokspersonerna for korrekta bullernivder uppnds genom att anvédnda ett
specialbyggt bullerlab med tre identiska sovrum som &r utrustade med ett hogtalarsystem som
omfattar ca 100 hogtalare. Bullerlabbet saknade dock mgjligheter att generera sangvibrationer
varfor detta fick implementeras inom projektet. I tidigare studier ndr man skakat sdngar har
man ofta anvént hydrauliska system, men detta var inte mgjligt i detta fall dels pd grund av
ekonomiska begransningar och dels pa grund av begransat utrymme i bullerlabbet.

For att vibrera sidngarna designades istéllet ett system baserat pa elektrodynamiska skakdon
som normalt anvdnds i hemmabiosystem, vilket gor att de d&r mycket prisvirda. Det visade sig
dock att dessa skakdon ocksd har vissa brister, framférallt genererar de mycket distorsion,
varfor det var tvunget att montera dem via ett avstdimt mekaniskt filter. Distorsionen var vérst
nir donen monterades horisontellt varfor vibrationerna begriansades till vertikala svingningar.

De vibrationsnivder som anvéindes vid somnstudierna var en stark vibration motsvarande
1,4 mm/s komfortvigd niva samt en svag motsvarande 0,4 mm/s. Vibrationssignalen slogs pa
endast for godstagspassager, och sjilva signalen var artificiellt genererad for att motsvara
maétningar i falt.
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Stort tack till Evert Andersson och Mats Berg!

Serien med seminarier startade pad Hotell Amaranten i Stockholm den 21-22 oktober
1992. De tidigare seminarierna 1 serien som vi har fitt information om ér:
Stockholm (VTI) 1992

Stockholm (KTH) 1993

Képenhamn (DSB) 1994

Link6ping (VTI) 1996

Goteborg (Chalmers) 1998

Luled (LTU) 1999

Trondheim (NTNU, Jernbaneverket & SINTEF) 2000

Stockholm (KTH) 2001

Borlinge (VTI) 2002

10. Képenhamn (DTU) 2003

11. Luled (LTU) 2004

12. Hamar (NTNU, Jernbaneverket & SINTEF) 2005

13. Linképing (LiTH) 2006

14. Hook (Chalmers), 2008

O N 9w N

Intressant &r att detta seminarium annonserats som det femtonde (baserat pd numrering-
en av foregdende). Det verkar déarfor saknas ett seminarium 1 listan ovan. Vet du mer?
Kontakta organisationskommittén!

Till detta seminarium i Hook har vi omkring 115 deltagare och 47 féredrag. Hook ligger
vid Halmstad—Néssjo jarnvédg. Detta var en av Sveriges storsta privatbanor. Huvudlinjen
mellan Halmstad och Nissjo oppnade 1 december 1882. Den var 196,1 kilometer lang,
belagd med réls som vigde 22,2 kg/meter Storsta lutning pa linjen var 16,67 promille
och huvudsparets minsta krokningsradie var 300 meter. Storsta tilldtna hastighet var 30
km/t.

1938 introducerades snabbmotorvagnstidg. Toppfarten var 110 km/h och dessa tdg har
kallats Sveriges forsta snabbtdg. Restiden Halmstad-Nidssjo minskade i ett slag med
minst en timme till cirka tre timmar. Idag tar resan cirka tva timmar och fyrtiofem minu-
ter.

Mer information om Halmstad—Naissj6 jarnvigar finns t ex pé
www.historiskt.nu/normalsp/hnj/hnj_fakta.html
http://www.jarnvag.net/Banguide/Halmstad-Nassjo.asp



