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bstract

Results from the European 5th Framework project “InfraStar” are presented. The InfraStar project is developing a two-mate
ncrease the productivity and reliability of rail infrastructure. The two-material rail aims to be rolling contact fatigue (RCF) resista
educe squeal noise.

The InfraStar consortium has built a high level of wheel–rail expertise and understanding regarding RCF initiation and developm
nd position of wheel–rail contact forces, and new interface materials and has gained experience in both laboratory and field te
onditions. Within the project a validated theoretical train–track interaction model and a fatigue design model for two-material rails
eveloped.
This paper focuses on the field test results of the two-material rail, and how the predictions and expectations from the select
atch with the results observed in track. Results are very promising. The two-material rail prototypes, now over 1 year in track, sho
amage where the non-treated rail shows clear RCF damage. The development of the application process and other objectives of
roject are discussed.
2004 Published by Elsevier B.V.

eywords:Rolling contact fatigue; Squeal noise behaviour; Rail surface coating; Shakedown limit

. Introduction

The demand on today’s rail system is an ever-increasing
ne. Further increase of railway productivity, and thus system
apacity, is one of the main challenges the railway society is
acing. To reach this target, a qualitative and quantitative im-
rovement of the wheel/rail system is essential. When look-

ng at today’s capacity and productivity restraining factors it
an be seen that:

∗ Corresponding author. Tel.: +31 30 300 5213; fax: +31 30 300 5150.
E-mail address:martin.hiensch@nl.aeat.com (M. Hiensch).

• Maintenance intervals and life of railway components
shortened due to increasing demands (higher axle l
train speeds and traffic intensity).

• Accessibility of track is becoming more and more d
cult. This calls for components with low maintenance d
ands.

• Rolling contact fatigue damage is increasing all over
rope, increasing the safety risk and reducing the avail
ity.

• Noise levels are too high to allow for the necessary gro
in capacity. Without a noise reduction, the “Noise Prod
tion Ceiling” will become a bottleneck.

043-1648/$ – see front matter © 2004 Published by Elsevier B.V.
oi:10.1016/j.wear.2004.03.067



D
O

F

WEA 97386 1–9

2 M. Hiensch et al. / Wear xxx (2004) xxx–xxx

All the factors above are addressed in the European 5th48

Framework project InfraStar, which started in April 2000.49

The main goal of the project is to develop a railhead with50

an additional surface layer (the InfraStar two-material rail),51

which prevents rolling contact fatigue (RCF) and reduces52

noise emissions in small-radius curves (Fig. 1).53

Rolling contact fatigue is currently one of the major limi-54

tations of railway infrastructure productivity. Squats, shelling55

and head checks are all forms of RCF, but head checks56

are prevalent in curves and switches where flange contact57

towards the gauge corner may result in increased tangen-58

tial force/slip and decreased wheel–rail contact area. These59

surface-initiated cracks can ultimately lead to complete frac-60

ture of the rail (Fig. 2). In addition to RCF, high noise emis-61

sion (up to 100–110 dB) caused by stick-slip at the wheel–rail62

interface is one of the main environmental problems in Eu-63

rope.64

Two application technologies for processing the two-65

material rail are studied in the project: in-rolling technol-66

ogy for application to new rail during the production process67

(Corus), and laser cladding technology for application to the68

existing infrastructure or in the production process of new69

rail (Duroc). So far in the project only the Duroc application70

process has delivered prototypes that could be tested in lab-71

oratory and track. For this reason the in-rolling technique is72

not discussed in this paper.73

74

a rials,75

a om-76

b osen77

t oat-78

i s are79

r80

181

am-82

p uroc83

F s are
r

508) have been laboratory-tested for RCF resistance, bonding84

and traction coefficient (the ratio of the traction creep force,85

measured using a torque transducer, to the normal load). In86

addition, to remove the need to test every new potential layer87

material (either in the laboratory or in the field), a theory88

of coated rails has been developed. It requires a model of89

train–track dynamics to calculate wheel–rail contact loads90

and the dimensions and location of the contact patch, a fi-91

nite element model for determination of railhead stresses,92

and shakedown theory together with material properties and93

geometric characteristics of the two-material railhead. After94

successful laboratory trials, two short length prototypes were95

put into track for 3 months. Analyses of these prototypes96

gave confidence to start a larger scale field testing program97

in September 2001. See Refs.[1,6] for a detailed overview 98

of the surface material selection process, modelling approach99

and first field test results. 100

This paper focuses on the results of field testing and appli-101

cation development. The approach and results of the material102

Fig. 2. (a) Head check cracking at gauge corner (top view of railhead); (b)
transverse rail fracture from a head check.
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The Duroc laser cladding technology (Fig. 3) is a surface
nd materials treatment process by which alloying mate
nd even ceramic additives, in powder form can be c
ined to produce unique materials. The materials are ch

o provide the desired tribological properties, and the c
ng is applied on the rail surface where such propertie
equired.

.1. Surface material selection process

The choice of surface material is very important. Two s
le layer materials prepared by Duroc (Duroc 222 and D

ig. 1. Use surface layer with new alloys only where superior propertie
equired.
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Fig. 3. The Duroc laser cladding application process.

selection process will be briefly addressed. Results from the103

selection process in relation to track results and further ob-104

jectives of the InfraStar project are discussed.105

2. Design of the InfraStar two-material rail106

Leaving aside consideration of surface roughness,107

“smooth” wheel–rail contact can still cause plastic flow. If108

the elastic limit is not exceeded, then no plastic flow will oc-109

cur. If it is, the rail material will strain-harden and protective110

residual stresses will form. This means that if the applied load111

does not exceed the elastic shakedown limit then, although112

there will be some plastic flow in the early cycles, ultimately113

the load will be supported elastically and failure will occur114

by high cycle fatigue. Above the elastic shakedown limit,115

there will always be some plastic flow. There is also a plastic116

shakedown limit, and applied loads which fall between the117

elastic and plastic shakedown limits will cause a closed cycle118

of plasticity, i.e., there will be no net accumulation of plastic119

strain, and the material will fail eventually by low cycle fa-120

tigue (LCF). Finally, if the applied load is above the plastic121

shakedown limit (also known as the ratchetting threshold),122

then there is an open cycle of plastic strain, and generally123

there is a direction in which the plastic strain accumulates.124

F gs-125

b126

wo-127

m ate-128

r ting)129

has higher hardness, higher yield stress limit and, ideally,130

lower friction than the rail material (i.e., the substrate). These131

coating characteristics reduce (or prevent) plastic flow, and132

thus RCF, in the railhead. The RCF performance of the two-133

material rail is further influenced by the thickness of the coat-134

ing and by the combination/interaction of coating and sub-135

strate material properties. 136

3. Laboratory tests 137

The rolling contact fatigue and wear performance of the138

Duroc 222 and Duroc 508 coatings were tested using a twin-139

disc machine for dry and water-lubricated conditions. Tests140

were conducted with−1% slip to simulate a driving wheel. 141

The contact pressure was 1500 MPa in most cases; three tests142

were performed at 2500 MPa. The water-lubricated tests were143

performed with an initial 1000 dry cycles, which is enough144

to initiate cracks in uncoated specimens after only 4000 cy-145

cles but which had no apparent effect on the coated speci-146

mens even after 200,000 cycles; the mixed lubrication tests147

started with 15,000 dry cycles and during the subsequent148

water-lubricated cycles the 508 coating was densely cracked149

within about 100�m (the test was stopped after 6000 water-150

lubricated cycles) of the surface whereas the 222 coating151

s ted)152

h t the153

2 rlitic154

s lane-155
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ailure may occur by LCF or by ductility exhaustion (Rin
erg and Josefson[2], Kapoor[3]).

One objective of the InfraStar project is to analyse t
aterial rails with respect to RCF performance. The m

ial that is cladded to the railhead surface (i.e., the coa
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howed no signs of cracking. During the (water-lubrica
igh-pressure tests, the 508 coating performed well bu
22 coating delaminated at the interface with the pea
ubstrate after 25,000 cycles—probably caused by p
tress conditions at the edge of the test specimen. The r
f these tests are presented in detail in a companion pa

his one[4]. The conclusions are that both selected coa
ave a greatly improved resistance to RCF damage com
ith the UIC 900A (260-grade) material: this material is he
fter denoted as 900A. The 222 material is regarded a
ore promising of the two tested coatings since none o
erformed tests resulted in crack initiation. Bonding qua
as also found to be excellent for both coatings.

. Model simulations and RCF evaluation

The model simulations and RCF evaluation are prese
n detail in Hiensch et al.[1,5] and Kapoor et al.[6]. Three
teps comprise the design of the two-material rail:

For any (representative) train traffic situation: calcula
of wheel–rail contact forces, spin moments, contact
sitions, contact load distributions and contact dimens
using a dynamic train–track interaction model.
The results from Step 1 are used in a finite element
tool to estimate rail stresses.
The rail stresses calculated in Step 2 are used to
out shakedown calculations, to study RCF performan
different coatings and train traffic situations.
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Fig. 4. Shakedown map for wheel–rail contact for the Duroc 508 coating.
Results are based on 3D finite element calculations for friction coefficients
from 0.0 to 1.0, from top to bottom.

Experiments carried out in the project indicate that the178

steady-state material behaviour is elastic shakedown[4].179

Based on this observation, the contact load distributions ap-180

plied to the rail model of the FE tool are assumed to follow181

Hertz assumptions. Also, the results from the separate FE cal-182

culations using tangential and normal contact load distribu-183

tions can be superposed to examine the relationships between184

contact loads, coating thickness, coating material and friction185

coefficients, and how they affect the RCF performance of the186

two-material system.187

Three-dimensional wheel–rail shakedown maps have been188

calculated and they can be used as an aid in coating selection189

seeFig. 4 for an example. For the contact modelled here,190

the 508 coating thickness should be at least 3 mm thick for191

maximum strength, but contact pressure should not exceed192

2500 MPa. The shaded region represents typical operating193

conditions for dry contact: friction coefficient between 0.3194

and 0.4, coating thickness greater than 2 mm. For the 222195

coating, the shakedown limit curves will be lower (because196

the 222 is 370 HV, whereas the harder 508 is 410 HV), but197

the traction coefficient (and also the friction coefficient) for198

the 222 is lower also.199

5. Application development200

rials201

w steel202

m make203

t cess204

d205

n the206

I two-207

m os-208

i ther209

l for-210

m . No211

c steel212

g213

Three 20 m length prototype rails, laser cladded with214

Duroc 222 and 508 (with two coating widths each), were215

installed in track. Results from this field trial showed that216

coating width needs to be further optimised in order to min-217

imise wear and plastic flow, and also that laser cladded rails218

need to be reprofiled (ground or milled) before installation in219

track. The rough elevated surface after laser treatment would220

otherwise cause too much stress to the coating and base ma-221

terials. Start/stop areas (of the laser treatment) must also be222

avoided, which means that the rails have to be continuously223

cladded the entire rail length. Further development and tests224

with thermite welding have showed that it is possible to ther-225

mite weld laser cladded rails. 226

6. Field tests and results 227

6.1. RCF performance at the Malmbanan test site 228

The test-site has a history of RCF damage: a 5-year in-229

terval in which 60 Million Gross Tonnes (MGT) passes over230

the railhead. Rail replacement owing to head check damage.231

Track specifications are: 595 m curve radius, maximum axle232

load 30 t, cant 0 mm, speed 40 km/h, rail profile UIC 60, no233

lubrication. Loading is 12 MGT/year. 234

Two field trials were performed at Malmbanan. First a235
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as developed more than 10 years ago. However, rail
aterials have not been laser cladded before. In order to

his possible and with a successful result, extensive pro
evelopment have been made.

The process application development started early i
nfraStar project and resulted first in laser cladded
aterial twin disc samples for laboratory testing. Very p

tive laboratory test results made it then possible to fur
aser clad a 6 m prototype rail for field testing. The per

ance during 2 months in track was also very promising
racks and less plastic deformation compared to normal
rade 900A were found.
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,

m prototype rail, laser cladded with two different coatin
as tested. This test was performed to evaluate wheth
reliminary results from modelling, twin disc testing and
ewly developed coating application method were in ag
ent with performance under real train/track conditions

ual inspections, railhead hardness readings and railhea
le measurements were taken every 4–6 weeks to mo
nd detect any initial plastic deformation or surface initia
ontact fatigue.

Findings from the first field test were used to develop
econd set of test rails (see previous section). The se
est set-up was designed to study the influence of diffe
oating material, coating thickness and coating width.
n updated version of the coating production method

mplemented in these three 20 m test rails in May 2002.

.1.1. First field test (6m prototype rail)
The 6 m prototype rail was laser cladded with two diffe

oatings: Duroc 222 and Duroc 508 (1 m each). During
esting period, from 2 July to 27 September 2001, 2.5 M
as transported and 168,684 axles passed over (axle l

he range of 25–30 t). Visual inspections showed that diffe
urface initiated failures were concentrated to the suppo
ase material (900A), 20–50 mm from the start/stop are

he coating (in longitudinal direction). After 12–15 load
rains had passed the test site, it was clearly visible tha
uroc 222 and Duroc 508 materials were unaffected o

raffic, whereas the 900A surface was highly polished
rinding marks from the track installation welding had b
orn away. For the coated rails, grinding marks were
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Table 1
Railhead profile measurement results at Malmbanan test site

Rail Material MGT Max wear Max deformation

Degreesa mm Degreesa mm

900A 2.5 38–41 1.1 48–53 −1.3
222 2.5 38–41 1.1 49–53 −0.7
508 2.5 37–40 1.0 47–52 −0.4
900A 6.7 38–41 1.9 48–60 −1.7
222 (wide) 6.7 44–46 0.3 51–55 −0.8
222 (narrow) 6.7 36–47 0.6 50–53 −0.5
508 (wide) 6.7 45–49 0.4 51–54 −0.1
508 (narrow) 6.7 36–47 0.3 50–53 −0.1

Degrees are according to the Miniprof system.
a InfraStar used the “MiniProf—angle A” calculations for location def-

inition; 0◦ is at the top of rail, 90◦ at the side of the railhead. The gauge
corner is positioned at about 45◦.

visible. Initially, the Duroc 508 coating was more resistant to265

plastic flow than the Duroc 222 coating, and the 900A mate-266

rial had started to develop “tongue lipping” at the start/stop267

area of the coating.268

The Miniprof measurement system was used to evaluate269

railhead profile changes between the uncoated 900A rail and270

the two coated rails. The shape of a new standard UIC60271

profile was used as reference and it was measured using the272

Miniprof system. The profiles of uncoated 900A and coated273

rails were also measured after some time in service. Rail274

profile residual plots were constructed as the change in rail275

profile between the reference rail and the three types of rails276

used in service, respectively. A positive residual value is a277

profile change dominated by wear, while a negative residual278

value is mainly due to plastic deformation; note, however,279

that both options include a combination of wear and plastic280

deformation. The areas on the railhead where maximum wear281

and deformation occur are presented inTable 1.282

The railhead surface hardness increased from 270 to283

320 HV for the 900A during the test period. The Duroc 222284

material had a hardness of 480 HV and the Duroc 508 ma-285

terial 560 HV. The old rail that was replaced with this first286

6 m test rail had a hardness of 370 HV. This indicates that the287

hardness for the 900A was not fully developed during this288

test period. The 2.5 MGT was not enough to develop a full289

hardness for a 900A grade rail at this test site.290

first291

fi d de-292

v owed293

n were294

f The295

D uroc296

2 high297

d298

uroc299

2 ing300

t con-301

c that302

h s still303

v con-304

tacting areas, which resulted in many very small cracks on305

the islands. Duroc 222 had no such islands but a smooth run-306

ning surface. This suggests that Duroc 222 can “adjust” more307

easily to flatten out the high peak stresses. 308

6.1.2. Second field test (three pieces of 20m rails) 309

In total, three UIC60-900A rails were laser cladded. Two310

20 m rails were cladded with a wider layer (24 mm), one with311

Duroc 222 and the other one with Duroc 508. The third 20 m312

rail was cladded with a narrower layer (17 mm), half of that313

rail length with Duroc 222 and the second half with Duroc314

508. During the test period, from 27 September 2001 to 2315

May 2002, it is predicted that 6.7 MGT and 447,400 axles316

passed the site. The same measurement intervals and param-317

eters were tested as in the first trial. Due to logistic planning318

problems in regards to maintenance activities and crack de-319

velopment, one of the 20 m rails (508 coated) was taken out320

of service in May 2002. 321

The running-in behaviour of all the three rails was similar322

to the first trial: the 900A rails were polished, while the coated323

ones needed more traffic to reach a mirror-finish. Visual in-324

spections showed that different surface initiated failures were325

still developing in the start/stop areas of the coatings. Some326

visual observations indicated that the width of the coating is a327

critical parameter. The narrow coating started to slide towards328

the gauge corner. This resulted in a longitudinal (in direction329

o n the330
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b he test338
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( 340
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CResults from the metallurgical examination after the

eld test showed that the standard rail material 900A ha
eloped RCF damage. The Duroc 508 and Duroc 222 sh
o cracks visible to the naked eye, but small cracks

ound with the scanning electron microscope (SEM).
uroc 508 had the same hardness after the test. The D
22 increased in hardness by about 80 HV because of a
egree of deformation hardening during the test.

The main difference between the Duroc 508 and the D
22 coatings is the way they deform with trains runn

hrough the curve. Duroc 508 deforms less, which was
luded by observing small “islands” of surface material
ad been deformed. Between those islands there wa
irgin material present. This gives higher stresses in the
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f the track) crack development at the interface betwee
00A material and the sliding coating. For the wider coat

his plastic separation and sliding was not detected.
Residual plots of profiles were again used to evaluate

ead profile changes due to traffic, seeTable 1. The result
or 900A indicated that the maximum wear took place in
ame area as for the first 6 m test rail (between 38◦ and 41◦
ccording to the Miniprof measurement system). Howe
ecause more tonnage had passed as compared to t
ith the 6 m rail, the deformation occurred over a wider a

48–60◦).
The railhead surface hardness of the 900A materia

uring the test period increased from 295 to 360 HV.
uroc 222 material had increased from 390 to about 540
hile the Duroc 508 had increased from 530 to about 670
Metallographical examinations of the rail with the narr

oating show cracks in the heat-affected zone (HAZ) a
he border between the coated area and the base ma
oth on top of the railhead and at the gauge corner.
as due to an incorrect tempering procedure after the
ladding process. It also showed that the untreated 900A
he largest material lipping and plastic flow at the gauge
er compared to Duroc 222 and Duroc 508 (the Duroc
ad the least material lipping). Duroc 222 and Duroc
lso had a higher degree of deformation hardening tha
00A. Duroc 508 is more brittle and has a higher tende

o crack than Duroc 222 and untreated 900A. Also of
ortance is that no cracks have been detected in the D
22 coating layer. Cracks have been found in the Duroc
oating layer, originating at the interface between the co
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area and the base material on top of the railhead due to the360

incorrect tempering procedure.361

6.2. Squeal noise behaviour at the Paris Metro test site362

Curve squeal noise is the intense tonal noise that may occur363

when a railway vehicle traverses a small radius curve. Squeal364

noise from urban transport trains is considered a major source365

of annoyance for passengers, service people and people living366

near metro lines. In the InfraStar project, noise measurements367

were performed at RATP (Paris Metro) to study the effect of368

laser cladded rails on curve squeal noise.369

Although the tested coatings had been selected on grounds370

of their resistance to RCF, there was reason to believe that371

these coatings could have a positive effect also on squeal noise372

occurrence. In laboratory testing, the selected materials have373

showed a low dry friction coefficient, and this difference in374

friction characteristics, compared to the steel–steel combina-375

tion, can have a positive effect. The behaviour of the friction376

coefficient in relation to slip showed that the selected coat-377

ings had a positive slope throughout the full test range (0–3%378

slip). This indicates that friction will always increase with in-379

creasing slip values, thereby avoiding a stick-slip loop, which380

is believed to be one of the main sources of squeal noise ini-381

tiation [7].382

Before installation of the InfraStar two-material rails, a383

“ tion384

o r 3385

m386

6387

e388

M n389

t ment390

r rail391

s ichel392

B re-393

m 18 m394

l ated395

2 p in396

F397

5 m,398

c ith399

w to400

s an401

o file402

i pty403

c404

logy405

i ord-406

i sug-407

g oth408

m with409

t nes410

p ones411

a ead.412

Fig. 5. Test site set-up of the RATP metro in Paris.

Outer rail: microphones at 1.6 m from the track centre and413

0.20 m above the railhead (Fig. 6). 414

Train speed during the pass-by was measured at sections 1415

and 6 with an inductive speedometer manufactured by AEA416

Technology with a precision around 3%. The average speed417

measured in the curve was 30 km/h. All noise measurements418

were recorded on tape and were later analysed in 1/3 oc-419

tave bands (dB(A) levels). For each pass-by, the equivalent420

noise level (LAeq) and the maximum noise level (LAmax)421

were determined. The LAeq calculation is a specific form of422

evaluation used in connection with pass-by measurements of423

vehicles and railway trains. The calculation assumes that the424

noise level as function of time shows an unequivocal max-425

imum, and that a level drop is present before and after the426

maximum. 427
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reference measurement” was performed. After installa
f the prototypes, and after allowing them to run in fo
onths, an “effect measurement” was carried out.

.2.1. Test site specification
The test site is located between Porte Dorée and Port

ichel Bizot on line 8 of the RATP metro in Paris. O
his test site, squeal noise is a problem. For measure
easons, a part of this curve was divided into six 18 m
ections (S6 up to S1 in the pass-by direction Porte M
izot—Porte Doŕee (Fig. 5). After the reference measu
ents, three 18 m lengths of 222 coated rail, three

engths of 508 coated rail and six 18 m lengths of unco
60 grade were installed, corresponding to the set-u
ig. 5.

The nominal track geometry includes curve radius 7
urve length 200 m, cant 160 mm and inclination 1:20 w
ooden sleepers. The train is braking from 40 km/h
top at Porte Doŕee. Flange lubrication is performed by
il–graphite mixture (train mounted system). The rail pro

s V52, track gauge is 1435 mm, axle load is 6.3 t (em
ars), and the traffic pattern is typically monoculture.

Noise measurements were performed by AEA Techno
n close co-operation with RATP. They were set-up acc
ng to the measurement protocol for curve squeal noise
ested in[8]. All measurement equipment used during b
easurement campaigns was calibrated in accordance

he norm IEC 651 class 1. The location of the micropho
laced in each section was as follows. Inner rail: microph
t 1.6 m from the track centre and 0.50 m above the railh
WEA 97386 1–9

Fig. 6. Measuring position at test site (arrow points out microphone
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Fig. 7. Averaged LAeq value for inner and outer rails during reference mea-
surements.

6.2.2. Reference measurements428

During the reference measurements carried out on 13 May429

2002, only three sections were monitored: sections 1, 3 and 5430

(Fig. 5). 37 pass-bys were recorded and analysed. All metro431

vehicles generated a high-level squeal noise in each moni-432

tored section. Measured noise levels were up to 117 dB(A).433

The maximum and equivalent noise levels measured in the434

curve during pass-by was always around 5 dB(A) higher at435

the inner rail than at the outer rail. The maximum noise lev-436

els measured were 7 dB(A) higher than the equivalent noise437

levels.438

Because of the small differences in results between the439

different locations S1, S3 and S5, the results were averaged440

for the three sections. The spectra of these LAeq values are441

shown inFig. 7.442

All analysed measurements (average train speed 30 km/h),443

showed that the squeal noise appeared in the frequency do-444

main 250–2000 Hz with two peaks, at 450 and 1200 Hz.445

This spectral signature was also observed during the test446

carried out in November 2000 by INRETS and RATP447

[9].448

6.2.3. Effect measurements449

During the effect measurements, carried out on 30 Oc-450

tober 2002, all sections were monitored. For this effect451

m hown452

i nal-453

y ve-454

h sec-455

t456

rails457

( ctra).458

I ents459

( m460

t461

to the462

o erg-463

i ction464

d range465

8 level466

Fig. 8. Results from effect measurement on the inner rail. Spectra for the
newly installed standard rail 900A (uncoated) and the 222 and 508 coated
rails are compared to the reference measurement.

at the peak around 1200 Hz for the new 900A rail and both467

coatings is 5–8 dB(A) lower than the average level measured468

during the reference measurement. 469

6.2.4. RATP track inspection 470

Directly prior to the squeal noise effect measurements, 3471

months after installation of the two-material prototypes, the472

running surface of the rail was examined. Visual track inspec-473

tion and hardness (Equo-tip) measurements were performed474

in track. 475

The width of the coatings was 40 mm for both inner and476

outer rails. However, the location of the coating was changed.477

For the inner rail prototypes, the coating was positioned at the478

crown of the rail, while for the outer rail prototypes it was po-479

sitioned on rail shoulder and gauge. From the observed highly480

polished running band, it was clear that the wheel/rail con-481

tact on both inner and outer rails reached beyond the coating.482

The coating was thus not wide enough to cover the complete483

running band. 484

Hardness values for both inner and outer rails indicated485

nearly full work hardening for this type of traffic (seeTable 2). 486

The hardness values of the standard rail material areas next to487

the coatings, which were also included in the running band,488

were in the order of 270 HV indicating a normal level of work489

hardening and contact pressure. 490

was491

h cess492

w cks,493

b rien-494

t wed495

T
H

M

2
5
9

U
N

C
O

R
R

E
Ceasurements campaign, the track was treated as s

n Fig. 5. A total of 32 pass-bys were recorded and a
sed. As for the reference measurements, all metro
icles generated a squeal noise in each monitored

ion.
Fig. 8 presents the averaged spectra for the inner

outer rail spectra strongly resembles the inner rail spe
n this figure, the results from the reference measurem
Avg inner ref inFig. 8) are compared with the results fro
he effect measurements.

These spectral signatures of squeal noise are similar
nes found in the reference measurements, with two em

ng frequencies at 450 and 1200 Hz. The noise redu
ue to the different measures appears in the frequency
00–1500 Hz. For both inner and outer rails, the noise
WEA 97386 1–9

The 222 coating did not show any cracks. The surface
ighly polished and small pores from the production pro
ere visible. The 508 coatings showed clear signs of cra
oth on the high and low rails. Cracks had a transverse o

ation with 20 mm spacing. The uncoated 900A rail sho

able 2
ardness values measured at test track

aterial Hardness
inner rail (HV)

Hardness
outer rail (HV)

Hardness fully
work-hardened
(HV)

22 440 410 ∼450
08 570 550 ∼570
00A 300 270 ∼330
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no cracks, and the inner rail had developed first signs of cor-496

rugation.497

7. Main achievements and further objectives498

In the first 2 years of the InfraStar project, two materials499

have been selected with very promising RCF resistance dur-500

ing laboratory testing. Wheel–rail operating conditions, con-501

tact forces and contact positions have been calculated using502

a dynamic train–track interaction model. Shakedown maps503

for two-dimensional contact for twin-disc experiments, and504

for three-dimensional contact for field trials, have been pro-505

duced. There is good agreement between the test results and506

the expectations from the shakedown calculations. Surface507

coating application techniques have been optimised and pro-508

totypes of two-material rails (field test samples) have been509

produced and installed in track.510

The InfraStar project has focussed on the “invention” of a511

RCF resistant two-material rail. The project now has proven512

this new technology, and it has built a high level of wheel–rail513

interface expertise. This knowledge can be used to optimise514

the two-material rail for different applications.515

This creates the possibility of designing a cost-effective516

rail in relation to specific demands/functionality by use of517
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I s fol-535
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• eld537

im-538

ation539

ting,540

s the541

rials542

e be-543

top of544

the railhead, but it is believed that this is due to an incorrect545

tempering procedure after the laser cladding process. 546

• Rolling contact fatigue—agreement between laboratory547

and Malmbanan tests results: The metallurgical analyses548

results and first field test results were in full agreement.549

Twin disc testing performed in the InfraStar project to550

judge the RCF resistance and rank the selected materi-551

als, have shown good agreement with the field test results.552

It has so far proven to be a reliable selection tool. 553

• Noise measurement results from RATP tests: From the554

noise measurements, it can be concluded that the selected555

coatings do not reduce or prevent squeal noise occurrence556

at the RATP test site. Squeal noise is often described as557

an “on–off system”. This means that one should not aim558

at a reduction in squeal noise level, but at a reduction in559

squeal noise occurrence. The tested train–track system has560

clearly shown a very high squealing instability. The tested561

coatings could not deliver the necessary reduction of this562

instability [10]. The coating for both inner and outer rails563

was too narrow to support the complete running band. This564

can have a negative effect on squeal behaviour. 565

• General metallurgical conclusions about the two coatings:566

From the metallurgical investigation it can be concluded567

that both selected coatings display a strongly improved568

resistance to RCF damage compared to the untreated 900A569

(standard 260 grade) rail material. Bonding quality was570
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uperior alloys only where superior properties are requ
his will give a “Step Change” in whole life performan
he reduction it brings in required maintenance and (p
ly after a further optimisation of the surface material) re

n noise pollution will result in an increase in the syst
apacity.

Introduction of the two-material rail is believed to
ost valuable in areas where further increase of railway
uctivity, and thus the system capacity, can be addre
nown bottlenecks are switches and crossings (S&C), w

end to suffer from RCF, wear and damage from corr
ion. Also squeal noise is a productivity-restraining facto
&C. Dealing with problems related to S&C will not on

mprove productivity but also have a big impact on pun
lity.

. Conclusions

The results and observations from the investigation o
nfraStar two-material rail system can be summarised a
ows.

Rolling contact fatigue—Malmbanan tests: During fi
testing at Malmbanan, the two coatings have shown
proved resistance to RCF damage, wear and deform
compared to the 900A material. After 10 months of tes
no cracks have developed in the 222 coating, wherea
900A rail has developed RCF damage. The 508 mate
has also developed cracks, originating in the interfac
tween the coated area and the base material on the
 P
R

O

WEA 97386 1–9

also proven to be excellent for both coatings.
Development of the Duroc laser cladding process: Du
the first 2 years of the InfraStar project, laser cladding
plication development has made important progress
technology has successfully produced samples and
totypes for both laboratory and field testing. The w
has created further understanding and knowledge ne
to achieve the final objectives with the design of a c
effective RCF resistant two-material rail.
Gained knowledge and future work: For RCF proble
the InfraStar project has delivered a surface materia
lution, together with valuable understanding concer
two-material rail behaviour and surface material app
tion development. The InfraStar partners believe tha
two-material rail concept presents a high potential s
tion concerning related problem areas like wear and sq
noise. Delivering a complete solution to the interfa
problems encountered at bottleneck areas like S&C
strongly contribute to the value, and thus introduct
of the two-material solution. Consequently, future w
should involve this area.
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