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Abstract

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

The InfraStar consortium has built a high level of wheel-rail expertise and understanding regarding RCF initiation and development, level
and position of wheel—rail contact forces, and new interface materials and has gained experience in both laboratory and field test operating
conditions. Within the project a validated theoretical train—track interaction model and a fatigue design model for two-material rails have been
developed.

This paper focuses on the field test results of the two-material rail, and how the predictions and expectations from the selection process
match with the results observed in track. Results are very promising. The two-material rail prototypes, now over 1 year in track, show no RCF

damage where the non-treated rail shows clear RCF damage. The development of the application process and other objectives of the InfraStal

project are discussed.
© 2004 Published by Elsevier B.V.

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

1. Introduction e Maintenance intervals and life of railway components are
shortened due to increasing demands (higher axle loads,
The demand on today’s rail system is an ever-increasing train speeds and traffic intensity). 39

one. Furtherincrease of railway productivity, and thus system e Accessibility of track is becoming more and more diffi-4
capacity, is one of the main challenges the railway society is  cult. This calls for components with low maintenance dema
facing. To reach this target, a qualitative and quantitative im-  ands. 2
provement of the wheel/rail system is essential. When look- e Rolling contact fatigue damage is increasing all over Eus
ing at today’s capacity and productivity restraining factors it  rope, increasing the safety risk and reducing the availabil-
can be seen that: ity. a5
e Noise levels are too high to allow for the necessary growth

* Corresponding author. Tel.: +31 30 300 5213; fax: +31 303005150, N capacity. Without a noise reduction, the “Noise Produce

E-mail addressmartin.hiensch@nl.aeat.com (M. Hiensch). tion Ceiling” will become a bottleneck.

0043-1648/$ — see front matter © 2004 Published by Elsevier B.V.
doi:10.1016/j.wear.2004.03.067
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All the factors above are addressed in the European 5th508) have been laboratory-tested for RCF resistance, bondiag
Framework project InfraStar, which started in April 2000. and traction coefficient (the ratio of the traction creep forces
The main goal of the project is to develop a railhead with measured using a torque transducer, to the normal load). sn
an additional surface layer (the InfraStar two-material rail), addition, to remove the need to test every new potential layer
which prevents rolling contact fatigue (RCF) and reduces material (either in the laboratory or in the field), a theorys
noise emissions in small-radius curv&gy 1). of coated rails has been developed. It requires a model f

Rolling contact fatigue is currently one of the major limi- train—track dynamics to calculate wheel-rail contact loads
tations of railway infrastructure productivity. Squats, shelling and the dimensions and location of the contact patch, a fi-
and head checks are all forms of RCF, but head checksnite element model for determination of railhead stresses,
are prevalent in curves and switches where flange contactand shakedown theory together with material properties and
towards the gauge corner may result in increased tangen-geometric characteristics of the two-material railnead. Aftes
tial force/slip and decreased wheel—rail contact area. Thesesuccessful laboratory trials, two short length prototypes weke
surface-initiated cracks can ultimately lead to complete frac- put into track for 3 months. Analyses of these prototypes
ture of the rail Fig. 2). In addition to RCF, high noise emis- gave confidence to start a larger scale field testing program
sion (upto 100-110 dB) caused by stick-slip at the wheel-rail in September 2001. See Ref$,6] for a detailed overview o
interface is one of the main environmental problems in Eu- of the surface material selection process, modelling approaeh
rope. and first field test results. 100

Two application technologies for processing the two- This paper focuses on the results of field testing and apphi-
material rail are studied in the project: in-rolling technol- cation development. The approach and results of the material
ogy for application to new rail during the production process
(Corus), and laser cladding technology for application to the
existing infrastructure or in the production process of new
rail (Duroc). So far in the project only the Duroc application
process has delivered prototypes that could be tested in lab-
oratory and track. For this reason the in-rolling technique is
not discussed in this paper.

The Duroc laser cladding technolodyig. 3) is a surface
and materials treatment process by which alloying materials,
and even ceramic additives, in powder form can be com-
bined to produce unique materials. The materials are chosen
to provide the desired tribological properties, and the coat-
ing is applied on the rail surface where such properties are
required.

1.1. Surface material selection process

The choice of surface material is very important. Two sam-
ple layer materials prepared by Duroc (Duroc 222 and Duroc

Fig. 1. Use surface layer with new alloys only where superior properties are Fig. 2. (a) Head check cracking at gauge corner (top view of railhead); (b)
required. transverse rail fracture from a head check.

WEA 97386 1-9
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has higher hardness, higher yield stress limit and, ideally,
lower friction than the rail material (i.e., the substrate). These
coating characteristics reduce (or prevent) plastic flow, and
thus RCF, in the railhead. The RCF performance of the twes
material rail is further influenced by the thickness of the coat»
ing and by the combination/interaction of coating and sukbs
strate material properties. 136

3. Laboratory tests 137

The rolling contact fatigue and wear performance of the
Duroc 222 and Duroc 508 coatings were tested using a twig-
disc machine for dry and water-lubricated conditions. Tesis
were conducted with-1% slip to simulate a driving wheel. 11
The contact pressure was 1500 MPa in most cases; three tests
were performed at 2500 MPa. The water-lubricated tests were
performed with an initial 2000 dry cycles, which is enougk
to initiate cracks in uncoated specimens after only 4000 cys
cles but which had no apparent effect on the coated speei-
mens even after 200,000 cycles; the mixed lubrication tests
started with 15,000 dry cycles and during the subsequent
water-lubricated cycles the 508 coating was densely cracked
Fig. 3. The Duroc laser cladding application process. within about 10Qum (the test was stopped after 6000 watetso
lubricated cycles) of the surface whereas the 222 coating
showed no signs of cracking. During the (water-lubricategky
high-pressure tests, the 508 coating performed well but the
222 coating delaminated at the interface with the pearlitia
substrate after 25,000 cycles—probably caused by plane-
stress conditions at the edge of the test specimen. The restdts
) i i of these tests are presented in detail in a companion papesto
2. Design of the InfraStar two-material rail this one[4]. The conclusions are that both selected coatings

) ) ) ) have a greatly improved resistance to RCF damage compared

Leaving aside consideration of surface roughness, i the UIC 900A (260-grade) material: this material is herem
“smooth” wheel-rail contact can still cause plastic flow. If - ager genoted as 900A. The 222 material is regarded as the
the elastic limit is not exceeded, then no plastic flow will oc- 150 promising of the two tested coatings since none of the

cur. If it is, the rail material will strain-harden and protective performed tests resulted in crack initiation. Bonding qualitys
residual stresses will form. This means thatif the applied load |, 55 4150 found to be excellent for both coatings.

does not exceed the elastic shakedown limit then, although
there will be some plastic flow in the early cycles, ultimately
the load will be supported elastically and failure will occur
by high cycle fatigue. Above the elastic shakedown limit,
there will always be some plastic flow. There is also a plastic
shakedown limit, and applied loads which fall between the
elastic and plastic shakedown limits will cause a closed cycle
of plasticity, i.e., there will be no net accumulation of plastic
strain, and the material will fail eventually by low cycle fa-
tigue (LCF). Finally, if the applied load is above the plastic ® For any (representative) train traffic situation: calculatio

shakedown limit (also known as the ratchetting threshold),  of wheel-rail contact forces, spin moments, contact pe»
then there is an open Cyc|e of p|astic strain, and genera“y sitions, contact load distributions and contact dimensions

selection process will be briefly addressed. Results from the
selection process in relation to track results and further ob-
jectives of the InfraStar project are discussed.

164

4. Model simulations and RCF evaluation 165

The model simulations and RCF evaluation are presentgd
in detail in Hiensch et a[1,5] and Kapoor et al[6]. Three 1
steps comprise the design of the two-material rail: 168

there is a direction in which the plastic strain accumulates. ~ USing & dynamic train—track interaction model. 172
Failure may occur by LCF or by ductility exhaustion (Rings- ® The results from Step 1 are used in a finite element (FE
berg and Josefsdg], Kapoor[3]). tool to estimate rail stresses. 174

One objective of the InfraStar project is to analyse two- ® The rail stresses calculated in Step 2 are used to cargy
material rails with respect to RCF performance. The mate-  outshakedown calculations, to study RCF performance of
rial that is cladded to the railhead surface (i.e., the coating) different coatings and train traffic situations. 77
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508 coating shakedown results Three 20m length prototype rails, laser cladded with.
3000 ; - Duroc 222 and 508 (with two coating widths each), werss
ool installed in track. Results from this field trial showed thats
3 : : o . X
s coating width needs to be further optimised in order to minx
2 2000 = imise wear and plastic flow, and also that laser cladded rails
@ — 7_% need to be reprofiled (ground or milled) before installation i
51500’ S track. The rough elevated surface after laser treatment woesd
£ 000k otherwise cause too much stress to the coating and base ma-
§ — terials. Start/stop areas (of the laser treatment) must also.be
% 500 avoided, which means that the rails have to be continuously
al . " i i cladded the entire rail length. Further development and tests
0 1 2 3 4 5 with thermite welding have showed that it is possible to thess
Roding nevmmes Il mite weld laser cladded rails. 226
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. 6. Field tests and results 227
Experiments carried out in the project indicate that the 6.1. RCF performance at the Malmbanan test site 228

steady-state material behaviour is elastic shakedpiyn
Based on this observation, the contact load distributions ap-  The test-site has a history of RCF damage: a 5-year ia-
plied to the rail model of the FE tool are assumed to follow terval in which 60 Million Gross Tonnes (MGT) passes oveko
Hertz assumptions. Also, the results from the separate FE calthe railhead. Rail replacement owing to head check damage.
culations using tangential and normal contact load distribu- Track specifications are: 595 m curve radius, maximum axe
tions can be superposed to examine the relationships betweetoad 30t, cant 0 mm, speed 40 km/h, rail profile UIC 60, ngs
contact loads, coating thickness, coating material and friction lubrication. Loading is 12 MGT/year. 234
coefficients, and how they affect the RCF performance ofthe  Two field trials were performed at Malmbanan. First as
two-material system. 6 m prototype rail, laser cladded with two different coatingsss
Three-dimensional wheel—rail shakedown maps have beenwas tested. This test was performed to evaluate whether the
calculated and they can be used as an aid in coating selectionpreliminary results from modelling, twin disc testing and thes
seeFig. 4 for an example. For the contact modelled here, newly developed coating application method were in agreg-
the 508 coating thickness should be at least 3 mm thick for ment with performance under real train/track conditions. Vizo
maximum strength, but contact pressure should not exceedsual inspections, railhead hardness readings and railhead pto-
2500 MPa. The shaded region represents typical operatingfile measurements were taken every 4—-6 weeks to moniter
conditions for dry contact: friction coefficient between 0.3 and detect any initial plastic deformation or surface initiateg
and 0.4, coating thickness greater than 2 mm. For the 222contact fatigue. 244
coating, the shakedown limit curves will be lower (because  Findings from the first field test were used to develop the
the 222 is 370 HV, whereas the harder 508 is 410 HV), but second set of test rails (see previous section). The secead
the traction coefficient (and also the friction coefficient) for test set-up was designed to study the influence of differemt
the 222 is lower also. coating material, coating thickness and coating width. Alse
an updated version of the coating production method was
implemented in these three 20 m test rails in May 2002. 20
5. Application development
6.1.1. Firstfield test (6 m prototype rail) 251
The Duroc technology for laser cladding of steel materials ~ The 6 m prototype rail was laser cladded with two different.
was developed more than 10 years ago. However, rail steelcoatings: Duroc 222 and Duroc 508 (1 m each). During the
materials have not been laser cladded before. In order to makdesting period, from 2 July to 27 September 2001, 2.5 MG.
this possible and with a successful result, extensive processwvas transported and 168,684 axles passed over (axle loagsn
development have been made. the range of 25—-301t). Visual inspections showed that differest
The process application development started early in the surface initiated failures were concentrated to the supporting
InfraStar project and resulted first in laser cladded two- base material (900A), 20-50 mm from the start/stop areas:6f
material twin disc samples for laboratory testing. Very pos- the coating (in longitudinal direction). After 12—15 loadeds
itive laboratory test results made it then possible to further trains had passed the test site, it was clearly visible that the
laser clad a 6 m prototype rail for field testing. The perfor- Duroc 222 and Duroc 508 materials were unaffected of the
mance during 2 months in track was also very promising. No traffic, whereas the 900A surface was highly polished and
cracks and less plastic deformation compared to normal steelgrinding marks from the track installation welding had beess
grade 900A were found. worn away. For the coated rails, grinding marks were stil.
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Table 1 tacting areas, which resulted in many very small cracks en
Railhead profile measurement results at Malmbanan test site the islands. Duroc 222 had no such islands but a smooth rusg-
Rail Material ~ MGT ~ Max wear Max deformation ning surface. This suggests that Duroc 222 can “adjust” mase

Degree8 mm  Degreed  mm easily to flatten out the high peak stresses. 308
900A 25 38-41 11 48-53 -1.3 _ . .
299 o5 38-41 11 49-53  —07 6.1.2. Second field test (three pieces of 20 m rails) 309
508 25 37-40 1.0 47-52 -0.4 In total, three UIC60-900A rails were laser cladded. Twao
900A 6.7 38-41 19 48-60 -17 20 m rails were cladded with a wider layer (24 mm), one with:
;;2 (wide) 2-77 ‘é‘é‘i‘i %-3& 2%‘5;2 —8-2 Duroc 222 and the other one with Duroc 508. The third 20 m
508 ﬁcv?c:rec;w) 67 2540 04 sisa 01 rail was cladded with a narrower layer (17 mm), half of that:
508 (narow) 6.7 36-47 03  50-53  —01 rail length with Duroc 222 and the second half with Duroe.
Degrees are according to the Miniprof system. 508. During the test period, from 27 September 2001 tos2

2 |nfraStar used the “MiniProf—angle A’ calculations for location def- May 2002, it is predicted that 6.7 MGT and 447,400 axles
inition; 0° is at the top of rail, 90 at the side of the railhead. The gauge passed the site. The same measurement intervals and pasam-
corner is positioned at about 45 eters were tested as in the first trial. Due to logistic planning

problems in regards to maintenance activities and crack de-
visible. Initially, the Duroc 508 coating was more resistantto velopment, one of the 20 m rails (508 coated) was taken aut

plastic flow than the Duroc 222 coating, and the 900A mate- of service in May 2002. a1
rial had started to develop “tongue lipping” at the start/stop ~ The running-in behaviour of all the three rails was similas:
area of the coating. tothe first trial: the 900A rails were polished, while the coateg:

The Miniprof measurement system was used to evaluateones needed more traffic to reach a mirror-finish. Visual ig=
railhead profile changes between the uncoated 900A rail andspections showed that different surface initiated failures wese
the two coated rails. The shape of a new standard UIC60 still developing in the start/stop areas of the coatings. Some
profile was used as reference and it was measured using theisual observations indicated that the width of the coating isa
Miniprof system. The profiles of uncoated 900A and coated critical parameter. The narrow coating started to slide towards
rails were also measured after some time in service. Rail the gauge corner. This resulted in a longitudinal (in directiosn
profile residual plots were constructed as the change in rail of the track) crack development at the interface between the
profile between the reference rail and the three types of rails 900A material and the sliding coating. For the wider coatings
used in service, respectively. A positive residual value is a this plastic separation and sliding was not detected. 33
profile change dominated by wear, while a negative residual  Residual plots of profiles were again used to evaluate rails
value is mainly due to plastic deformation; note, however, head profile changes due to traffic, Sedble 1 The results ss
that both options include a combination of wear and plastic for 900A indicated that the maximum wear took place in thes
deformation. The areas on the railhead where maximum wearsame area as for the first 6 m test rail (betweehd&8&81 42 236
and deformation occur are presentedable 1 according to the Miniprof measurement system). Howeves

The railhead surface hardness increased from 270 tobecause more tonnage had passed as compared to thestest
320 HV for the 900A during the test period. The Duroc 222 with the 6 m rail, the deformation occurred over a wider area
material had a hardness of 480 HV and the Duroc 508 ma- (48—60). 340
terial 560 HV. The old rail that was replaced with this first The railhead surface hardness of the 900A material had
6 m test rail had a hardness of 370 HV. This indicates that the during the test period increased from 295 to 360 HV. The
hardness for the 900A was not fully developed during this Duroc 222 material had increased from 390 to about 540 H¥4
test period. The 2.5 MGT was not enough to develop a full while the Duroc 508 had increased from 530 to about 670 H)
hardness for a 900A grade rail at this test site. Metallographical examinations of the rail with the narrows

Results from the metallurgical examination after the first coating show cracks in the heat-affected zone (HAZ) along
field test showed that the standard rail material 900A had de-the border between the coated area and the base material,
veloped RCF damage. The Duroc 508 and Duroc 222 showedboth on top of the railhead and at the gauge corner. This
no cracks visible to the naked eye, but small cracks were was due to an incorrect tempering procedure after the laser
found with the scanning electron microscope (SEM). The cladding process. It also showed that the untreated 900A had
Duroc 508 had the same hardness after the test. The Durodhe largest material lipping and plastic flow at the gauge cat:
222 increased in hardness by about 80 HV because of a highner compared to Duroc 222 and Duroc 508 (the Duroc 568
degree of deformation hardening during the test. had the least material lipping). Duroc 222 and Duroc 508

The main difference between the Duroc 508 and the Duroc also had a higher degree of deformation hardening than the
222 coatings is the way they deform with trains running 900A. Duroc 508 is more brittle and has a higher tendeney
through the curve. Duroc 508 deforms less, which was con- to crack than Duroc 222 and untreated 900A. Also of imss
cluded by observing small “islands” of surface material that portance is that no cracks have been detected in the Dusac
had been deformed. Between those islands there was still222 coating layer. Cracks have been found in the Duroc 568
virgin material present. This gives higher stresses in the con-coating layer, originating at the interface between the coated
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area and the base material on top of the railhead due to the
incorrect tempering procedure.

6.2. Squeal noise behaviour at the Paris Metro test site

Curve squeal noiseis the intense tonal noise that may occur
when arailway vehicle traverses a small radius curve. Squeal
noise from urban transport trains is considered a major source
of annoyance for passengers, service people and people living
near metro lines. In the InfraStar project, noise measurements
were performed at RATP (Paris Metro) to study the effect of
laser cladded rails on curve squeal noise.

Although the tested coatings had been selected on grounds
of their resistance to RCF, there was reason to believe that
these coatings could have a positive effect also on squeal noise
occurrence. In laboratory testing, the selected materials have
showed a low dry friction coefficient, and this difference in
friction characteristics, compared to the steel-steel combina- Type of rail
tion, can have a positive effect. The behaviour of the friction
coefficient in relation to slip showed that the selected coat- Fig. 5. Test site set-up of the RATP metro in Paris.
ings had a positive slope throughout the full test range (0-3%
slip). This indicates that friction will always increase with in-
creasing slip values, thereby avoiding a stick-slip loop, which
is believed to be one of the main sources of squeal noise ini- Outer rail: microphones at 1.6 m from the track centre and
tiation[7]. 0.20 m above the railheaéi. 6). 414

Before installation of the InfraStar two-material rails, a ~ Train speed during the pass-by was measured at sections 1
“reference measurement” was performed. After installation and 6 with an inductive speedometer manufactured by AEA
of the prototypes, and after allowing them to run in for 3 Technology with a precision around 3%. The average speed

months, an “effect measurement” was carried out. measured in the curve was 30 km/h. All noise measurements
were recorded on tape and were later analysed in 1/3 ag-
6.2.1. Test site specification tave bands (dB(A) levels). For each pass-by, the equivalesnt

The test site is located between Porte &oand Porte  Noise level (LAeq) and the maximum noise level (LAmaxgp:
Michel Bizot on line 8 of the RATP metro in Paris. On Were determined. The LAeq calculation is a specific form of:

this test site, squeal noise is a problem. For measuremengvaluation used in connection with pass-by measurements:of
reasons, a part of this curve was divided into six 18 m rail vehicles and railway trains. The calculation assumes that the
sections (S6 up to S1 in the pass-by direction Porte Michel noise level as function of time shows an unequivocal maxs

Bizot—Porte Doee Fig. 5). After the reference measure- imum, and that a level drop is present before and after the
ments, three 18 m lengths of 222 coated rail, three 18 m maximum. 427

lengths of 508 coated rail and six 18 m lengths of uncoated
260 grade were installed, corresponding to the set-up in
Fig. 5.

The nominal track geometry includes curve radius 75m,
curve length 200 m, cant 160 mm and inclination 1:20 with
wooden sleepers. The train is braking from 40km/h to
stop at Porte Ddre. Flange lubrication is performed by an
oil-graphite mixture (train mounted system). The rail profile
is V52, track gauge is 1435mm, axle load is 6.3t (empty
cars), and the traffic pattern is typically monoculture.

in close co-operation with RATP. They were set-up accord-
ing to the measurement protocol for curve squeal noise sug
gested in8]. All measurement equipment used during both
measurement campaigns was calibrated in accordance with =
the norm IEC 651 class 1. The location of the microphones » = -~

placedin each section was as follows. Inner rail: microphones

at 1.6 m from the track centre and 0.50 m above the railhead. Fig. 6. Measuring position at test site (arrow points out microphone).
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Squeal noise RATP (Porte Doree) Squeal noise RATP (Port Doree)
ref. measurment 13-05-02 effect inner rail
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Fig. 7. Averaged LAeq value for inner and outer rails during reference mea- Fig. 8. Results from effect measurement on the inner rail. Spectra for the
surements. newly installed standard rail 900A (uncoated) and the 222 and 508 coated

rails are compared to the reference measurement.

6.2.2. Reference measurements

During the reference measurements carried out on 13 May
2002, only three sections were monitored: sections 1, 3and 5
(Fig. 5. 37 pass-bys were recorded and analysed. All metro
vehicles generated a high-level squeal noise in each moni- ) ]
tored section. Measured noise levels were up to 117 dB(A). 6-2-4. RATP track inspection 470
The maximum and equivalent noise levels measured in the ~Directly prior to the squeal noise effect measurements 3
curve during pass-by was always around 5dB(A) higher at months after installation of the two-material prototypes, the
the inner rail than at the outer rail. The maximum noise ley- funning surface of the rail was examined. Visual track inspees
els measured were 7 dB(A) higher than the equivalent noisetion and hardness (Equo-tip) measurements were performed
levels. in track. a7

Because of the small differences in results between the ~The width of the coatings was 40 mm for both inner anék

different locations S1, S3 and S5, the results were averaged?Uter rails. However, the location of the coating was changed.
for the three sections. The spectra of these LAeq values are=0r the innerrail prototypes, the coating was positioned at the
shown inFig. 7. crown of the rail, while for the outer rail prototypes it was poss
All analysed measurements (average train speed 30 km/h) Sitioned on rail shoulder and gauge. From the observed highiy
showed that the squeal noise appeared in the frequency dobolished running band, it was clear that the wheel/rail com:
main 250-2000 Hz with two peaks, at 450 and 1200 Hz. tacton both inner and outer rails reached beyond the coating.
This spectral signature was also observed during the test! N€ coating was thus not wide enough to cover the compleie

carried out in November 2000 by INRETS and RATP funning band. _ o e
[9]. Hardness values for both inner and outer rails indicatesd

nearly full work hardening for this type of traffic (s€able . s
The hardness values of the standard rail material areas nexito
6.2.3. .Effect measurements i the coatings, which were also included in the running bangs
During the effect measurements, carried out on 30 OC- e e in the order of 270 HV indicating a normal level of workss
tober 2002, all sections were monitored. For this effect hardening and contact pressure. w0
measurements campaign, the track was treated as ShOwn 1o 555 ¢oating did not show any cracks. The surface was
in Fig. 5 A total of 32 pass-bys were recorded and anal- ;v nolished and small pores from the production process
y§ed. As for the reference mgasgrements, all _metro V€-\were visible. The 508 coatings showed clear signs of cracks,
hicles generated a squeal noise in each monitored secy,,iy o the high and low rails. Cracks had a transverse orien-

tion. _ . tation with 20 mm spacing. The uncoated 900A rail showes
Fig. 8 presents the averaged spectra for the inner rails

(outer rail spectra strongly resembles the inner rail spectra).
In this figure, the results from the reference measurementsTable 2
(Avg inner ref inFig. 8) are compared with the results from Hardness values measured at test track

at the peak around 1200 Hz for the new 900A rail and both
coatings is 5-8 dB(A) lower than the average level measured
during the reference measurement. 469

the effect measurements. Material Hardness Hardness Hardness fully
These spectral signatures of squeal noise are similar to the inner rail (HV) outer rail (HV) work-hardened

ones found in the reference measurements, with two emerg- (V)

ing frequencies at 450 and 1200Hz. The noise reduction 222 440 410 ~450

due to the different measures appears in the frequency range?8 570 550 ~570

800-1500 Hz. For both inner and outer rails, the noise level 300 210 ~330

WEA 97386 1-9
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no cracks, and the inner rail had developed first signs of cor-
rugation.

7. Main achievements and further objectives
In the first 2 years of the InfraStar project, two materials

have been selected with very promising RCF resistance dur-
ing laboratory testing. Wheel-rail operating conditions, con-

tact forces and contact positions have been calculated usinge

a dynamic train—track interaction model. Shakedown maps
for two-dimensional contact for twin-disc experiments, and
for three-dimensional contact for field trials, have been pro-

duced. There is good agreement between the test results and

the expectations from the shakedown calculations. Surface
coating application techniques have been optimised and pro-
totypes of two-material rails (field test samples) have been
produced and installed in track.

The InfraStar project has focussed on the “invention” of a
RCF resistant two-material rail. The project now has proven
this new technology, and it has built a high level of wheel-rail

interface expertise. This knowledge can be used to optimisee®

the two-material rail for different applications.

This creates the possibility of designing a cost-effective
rail in relation to specific demands/functionality by use of
superior alloys only where superior properties are required.
This will give a “Step Change” in whole life performance.

The reduction it brings in required maintenance and (possi- ®

bly after a further optimisation of the surface material) relief
in noise pollution will result in an increase in the system
capacity.

Introduction of the two-material rail is believed to be
most valuable in areas where further increase of railway pro-

ductivity, and thus the system capacity, can be addressed.

Known bottlenecks are switches and crossings (S&C), which

tend to suffer from RCF, wear and damage from corruga- ®

tion. Also squeal noise is a productivity-restraining factor in
S&C. Dealing with problems related to S&C will not only
improve productivity but also have a big impact on punctu-
ality.

8. Conclusions

The results and observations from the investigation of the
InfraStar two-material rail system can be summarised as fol-

the railhead, but it is believed that this is due to an incorregt
tempering procedure after the laser cladding process. s
Rolling contact fatigue—agreement between laboratosy
and Malmbanan tests results: The metallurgical analyses
results and first field test results were in full agreements
Twin disc testing performed in the InfraStar project teso
judge the RCF resistance and rank the selected mateti-
als, have shown good agreement with the field test resuls.
It has so far proven to be a reliable selection tool. 553
Noise measurement results from RATP tests: From tke
noise measurements, it can be concluded that the seleeted
coatings do not reduce or prevent squeal noise occurreage
at the RATP test site. Squeal noise is often described sas
an “on—off system”. This means that one should not aisg
at a reduction in squeal noise level, but at a reduction ia
squeal noise occurrence. The tested train—track system has
clearly shown a very high squealing instability. The testes
coatings could not deliver the necessary reduction of this
instability [10]. The coating for both inner and outer railsss
was too narrow to support the complete running band. This
can have a negative effect on squeal behaviour. 565
General metallurgical conclusions about the two coatings:
From the metallurgical investigation it can be concludeg
that both selected coatings display a strongly improved
resistance to RCF damage compared to the untreated 9G0A
(standard 260 grade) rail material. Bonding quality was
also proven to be excellent for both coatings. 571
Development of the Duroc laser cladding process: During
the first 2 years of the InfraStar project, laser cladding ap:
plication development has made important progress. The
technology has successfully produced samples and pre-
totypes for both laboratory and field testing. The works
has created further understanding and knowledge needed
to achieve the final objectives with the design of a costs
effective RCF resistant two-material rail. 579
Gained knowledge and future work: For RCF problems
the InfraStar project has delivered a surface material sa-
lution, together with valuable understanding concerning
two-material rail behaviour and surface material applicas
tion development. The InfraStar partners believe that the
two-material rail concept presents a high potential solsss
tion concerning related problem areas like wear and squeal
noise. Delivering a complete solution to the interfaciab
problems encountered at bottleneck areas like S&C wilk
strongly contribute to the value, and thus introductions
of the two-material solution. Consequently, future worko

lOWS. should involve this area. s01
e Rolling contact fatigue—Malmbanan tests: During field
testing at Malmbanan, the two coatings have shown im- Acknowledgements 592

proved resistance to RCF damage, wear and deformation
compared to the 900A material. After 10 months of testing,

The InfraStar project is funded by the EU 5th Frameworkss

no cracks have developed in the 222 coating, whereas thePartners are AEA Technology Rail BV (NL), the Universs
900A rail has developed RCF damage. The 508 materialssity of Sheffield (UK), Chalmers University of Technologyses
has also developed cracks, originating in the interface be- (SWE), Banverket (SWE), Duroc Rail (SWE), Corus (FRAgs
tween the coated area and the base material on the top ofind Paris Metro RATP (FRA). More details can be found at
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the project’s websitehttp://infrastar.shef.ac.ukAdditional
funding was supplied by the National Centre of Excellence
in Railway Mechanics Research, CHARMEC, at Chalmers
University of Technology in Gothenburg, Sweden. Yanis Ker-
ouani of RATP and Bernard Lefranc and Gerrit van Keulen of
AEA Technology performed the squeal noise measurements
at RATP. Thomas Ramstedt of Banverket performed the field
measurements at Malmbanan.
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