HU000026624T2
X
3 (19) HU (11) Lajstromszam: E 026 624 (13) T2
SN\ MAGYARORSZAG
\\\\\ Szellemi Tulajdon Nemzeti Hivatala
SZOVEGENEK FORDITASA
(21) Magyar igyszam: E 12 758647 (61 Int.cl: B61K 9/10 (2006.01)
(22) A bejelentés napja: 2012. 08. 28. B61L 23/04 (2006.01)
(96) Az eurtpai bejelentés bejelentési szama: (86) A nemzetkdzi (PCT) bejelentési szam:
EP 20120758647 PCT/NL 12/050586
(97) Az eurdpai bejelentés kozzétételi adatai: (87) A nemzetkdzi kdzzétételi szam:
EP 2750955 A1 2013. 03. 07. WO 13032322
(97) Az eurdpai szabadalom megadasanak meghirdetési adatai:
EP 2750955 B1 2015.10. 21.
(30) Elsébbségi adatok: (73) Jogosult(ak):
2007315 2011. 08. 29. NL Technische Universiteit Delft, 2628 CN Delft
(NL)
(72) Feltalalo(k):
LI, Zili, NL-2600 AA Delft (NL)
RIXEN, Daniel, NL-2600 AA Delft (NL) (74) Képviselb:
Danubia Szabadalmi és Jogi Iroda Kft.,
Budapest
(54) Eljaras vasuti palya hibaja vagy hibai detektalasara, tovabba ilyen eljarasban hasznalhaté vasuti jarmi

Az eurdpai szabadalom ellen, megadasanak az Eurépai Szabadalmi K6zlonyben valé meghirdetésétdl szamitott kilenc hdnapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. torvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




EP 2 750 955 B1

(19)

Eurcpdisches
Patentarmt

Eurcpean
Patent Office

Office européen
des brevets

(12)
(45) Date of publication and mention
of the grant of the patent:

21.10.2015 Bulletin 2015/43

(21) Application number: 12758647.7

(22) Date of filing: 28.08.2012

NN

(11) EP 2 750 955 B1

EUROPEAN PATENT SPECIFICATION

(51) IntCl.:
B61K 9/10 (2006.07) B61L 23/04 (2006.0)
(86) International application number:
PCT/NL2012/050586

(87) International publication number:
WO 2013/032322 (07.03.2013 Gazette 2013/10)

(54) METHOD FORDETECTION OF AFLAW ORFLAWSINA RAILWAY TRACK, AND A RAIL VEHICLE

TO BE USED IN SUCH A METHOD

VERFAHREN ZUR ERKENNUNG VON SCHWACHSTELLEN IN EINEM GLEIS UND
GLEISFAHRZEUG ZUR VERWENDUNG IN EINEM SOLCHEN VERFAHREN

PROCEDE DE DETECTION D'UN DEFAUT OU DE DEFAUTS DANS UNE VOIE DE CHEMIN DE
FER ET VEHICULE FERROVIAIRE DESTINE A ETRE UTILISE DANS UN TEL PROCEDE

(84) Designated Contracting States:
AL ATBEBG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULV MC MKMT NL NO
PL PT RO RS SE S| SK SM TR

(30) Priority: 29.08.2011 NL 2007315

(43) Date of publication of application:
09.07.2014 Bulletin 2014/28

(73) Proprietor: Technische Universiteit Delft
2628 CN Delft (NL)

(72) Inventors:
e LI, zili
NL-2600 AA Delft (NL)
¢ RIXEN, Daniel
NL-2600 AA Delft (NL)

(74) Representative: Van Breda, Jacobus
Octrooibureau Los & Stigter B.V.,
Weteringschans 96
1017 XS Amsterdam (NL)

(56) References cited:
US-A1- 2007 163 352

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 750 955 B1 2

Description

[0001] The invention relates to a method for detection
of a flaw or flaws in the railway track, and to a rail vehicle
to be used in such a method.

[0002] A method for detection of rail top defects in a
railway track by measuring an axle box acceleration sig-
nal of the rail vehicle is known from the Dutch patent NL
2 003 351. Such rail top defects are local short vertical
geometrical deviations that may cause impact between
the rails of the railway-track and the rolling wheels of a
rail vehicle. Unless repaired a light rail top defect or squat
will grow into a moderate defect, and subsequently into
a severe defect. Rail fracture and damages to its fasten-
ing, the rail pads, sleepers and ballast (or slab) may ul-
timately occur if no remedial action is taken.

[0003] The invention is concerned with dealing with a
broader range of problems than only squats. Railway
tracks have a superstructure and a substructure. The su-
perstructure comprises rails, switches and crossings
(S&C), insulated joints (IJ), fasteners, sleepers and bal-
last (or slab). Due to the interaction between the wheels
of the train and the track, dynamic forces arise between
the wheels and the rails. As a consequence thereof
stresses and strains arise in and between the track com-
ponents, resulting in wear, deformation, and eventually
possibly breakdown of the railway superstructure due to
(metal) fatigue.

[0004] Generally speaking, the dynamic forces cause
that the quality and performance of the components and
the track system as awhole degrades. The components
which are subject to (gradual) degradation include the
rails, the switches and crossings, the insulated joints, the
rail pads, (loose and missing) fasteners, (damaged or
hanging) sleepers. Also local poor ballast and slab quality
is a concern.

[0005] It is an object of the invention to detect such
degradation of the system so that the quality and per-
formance of the components and the system can be re-
stored.

[0006] Itis a further object of the invention that the de-
tection is performed as early as possible for at least three
major reasons: securing safety, avoidance of disruptions
and limiting costs. If, for instance, a degradation is de-
tected too late so that a rail break takes place in the
switches and crossings, it may lead to derailment and
will cause the track to be unavailable for traffic. Passen-
gers’ safety is at risk, and passengers’ travels will be
disrupted or have to be rerouted. Such an unplanned and
late repair also results in high costs.

[0007] US2007/163352, which represents the closest
prior art according to the characteristics of the preamble
of independent claim 1, discloses a method for detection
of a flaw or flaws in a railway track, whereby arail vehicle
with rail wheels accommodated to guide the rail vehicle
along the railway track is moved along the railway track
for exciting the railway into vibration, and wherein the
vibrational movement of the railway track surface is
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measured with a noncontact vibrometer. Conventionally
each of the wheels will be connected to the vehicle by
an intermediate axle box providing a bearing for the
wheels. The rail vehicle is further provided with said non-
contact vibrometer which is arranged to measure the vi-
brational movement of the railway track surface.

[0008] To promote the objects of the invention a meth-
od and a rail vehicle are proposed in accordance with
one or more of the appended claims.

[0009] In a first aspect of the invention a rail vehicle is
proposed wherein the axle box is provided with at least
one accelerometer, and that analyzing means on or ex-
ternal of the vehicle are present for comparing railway
track surface vibrations as measured with the noncontact
vibrometer with vibratory signals from the at least one
accelerometer.

[0010] Accordingly in the method of the invention the
rail vehicle is moved along the railway track for exciting
therailway into vibration so that the vibrational movement
of the railway track surface can be measured with the
noncontact vibrometer, and the railway track surface vi-
brations as measured with the noncontact vibrometer are
compared with vibratory signals derived from an axle box
accelerometer of the vehicle. Thus according to the meth-
od of the invention itis possible to automatically and con-
tinuously inspect and monitor the conditions of the track
components and the superstructure as a whole, in an
early, a medium and a severe stage of degradation, by
monitoring the dynamic interaction of the vehicle wheels
with the railway track and measuring the railway track
responses.

[0011] According to the invention the noncontact vi-
brometer can in principle be mounted on any in-service
rail rolling stock or on a specialised measuring vehicle.
The vibrometer can be placed in any suitable location,
notably on the vehicle itself, the bogie or the axle box.
Being able to be installed on an in-service vehicle makes
it non-intrusive - it does not require that other trains give
way toit. The continuous and non-intrusive nature makes
it ideal for monitoring and not missing fast developing
degradations.

[0012] With this system and railway vehicle of the in-
vention, and the method of its operation, the reliability
and availability of the railway infrastructure can be very
much improved. It also greatly reduces unsafe labor con-
ditions of track inspectors, the work of whom can be
avoided to a large extent.

[0013] The proposed method and railway vehicle in-
vention is based on the insight that anomalies in the rail-
way track will occur due to degradations caused by forc-
es, stresses and strains in and between the components
of the railway track, and that such forces, stresses and
strains are eventually the result of the wheel-rail interac-
tion. The degradations will cause the response of the
components and the system to develop and deviate from
their original response, depending on where and how the
degradations have taken place. In this regard it is re-
marked that the different components in the track system
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are designed to fulfill their respective functionsin the sys-
tem with different stiffness, damping and wavelength
characteristics. Correspondingly they exhibit different
frequency contents and magnitudes in their responses.
The states of the system and of the components can thus
be assessed by a vibrational analysis of the responses,
which develop in line with the degradation of the compo-
nents and the interaction between these components,
resulting in varying input-response relationships. By
comparing the current states of the system and of the
components as identified from the responses with the
design/reference states, anomalies in the system and
the components can be detected and identified.

[0014] Itis found to be beneficial that the railway track
surface vibrations as measured with the noncontact vi-
brometer are compared with vibratory signals derived
from an axle box accelerometer of the vehicle. According
to the invention there are analyzing meanson the vehicle,
for comparing railway track surface vibrations as meas-
ured with the noncontact vibrometer with vibratory sig-
nals from at least one accelerometer of the vehicle’s axle
boxes. This improves the sensitivity, resolution, accuracy
and reliability of detecting the degradation of the compo-
nents and the system.

[0015] The invention will hereinafter be further eluci-
dated with reference to the drawing of a single figure
providing a schematic view of a vehicle according to the
invention moving over a railway track.

[0016] A vehicle 1 runs with a certain speed along a
track 2 with or without anomalies. Dynamic wheel-rail
interaction is excited because the moving wheels 3, 4
excite vibration of the rails 2, and the ground 5. If there
is ballast 14 (or slab) this maybe excited into vibration as
well. The discrete support of sleepers 6 supporting the
rails 2 excites periodic vibration of said rails 2 with a pass-
ing frequency and its harmonics corresponding to the
vehicle 1 speed and the sleeper 6 spacing. Certain short
wave irregularities excite their respective vibration
modes and the anomalies that have developed cause
certain frequency contents to deviate from their normal
modes.

[0017] The vibrations as can be monitored on the rail
head surface of the rails 2 can be picked up by acceler-
ometers (that are known per se and not explicitly shown
in the figure) at the axle boxes 7, 8, and by a noncontact
vibrometer 9, 10 mounted on the vehicle 1, for instance
at its underside. A particularly useful noncontact vibrom-
eter is a laser Doppler vibrometer that is embodied with
a transducer 9 for emitting a laser signal to the rail’s top
surface and a receiver 10 for receipt of the laser signal
after reflection by the rail’s top surface. It is noted how-
ever that this is simply one possible embodiment; it is
also possible to implement the vibrometer with one single
unitary transmitter/receiver. The signals thus derived are
processed in computing means 11 to provide the vibra-
tional measurements concerning the rail surface.
[0018] Itis remarked that the axle box 7, 8 accelerom-
eters may provide signals corresponding to vibrations of
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the bearing of the wheels and of the wheels 3, 4, dynamic
compression of the wheel-rail contact, geometry irregu-
larity of the wheel 3, 4 and rail 2 surfaces, as well as
vibration of the track as also measured by the noncontact
vibrometer 9, 10 mounted onto the vehicle 1. It is noted
once again that this noncontact vibrme-ter may also be
on the bogie or on the axle box. Preferably externally or
on the vehicle 1 analyzing means 12 are present for com-
paring railway 2 track surface vibrations as measured
with the noncontact viborometer 9, 10 and determined by
computing means 11, with vibratory signals from at least
one accelerometer of an axle box 7, 8 which are proc-
essed by computing means 13. The analyzing means 12
may also include storage means enabling later process-
ing of the measurement signals.

[0019] The dynamic wheelrail contact force can be de-
rived from the axle box 7, 8 accelerometers after removal
of the track vibration component and removal of the noise
introduced by the vibration of the wheelset and possibly
also of the bearings. The removal of the said noise can
be achieved according to the method disclosed in NL 2
003 351. The track vibration components can be re-
moved by making use of the measurement by the non-
contact vibrometer 9, 10. In this way the instrumented
vehicle 1 will perform a hammer-like test aimed at de-
tecting trackflaws/anomalies/discontinuities at rail 2 such
as frogs of switches and crossings, insulated joints and
squats where broadband impact force arises at wheel-
rail contact, with the wheels acting as the hammers. The
vehicle 1 will further act as a track loading vehicle at a
normal linear track with the wheel 3, 4 again being the
actuator and the actuation frequency being the sleeper
6 passing frequency. At design track irregularities like
those in switches and crossings, the situation will be a
combination of both types of excitations. At anomalies in
the railway 2 track the interaction between track compo-
nents and between wheel 3, 4 and rail 2 are abnormal,
causing deviation in their respective vibration modes. By
comparing the respective vibration modes with their de-
sign values, the anomalies can be identified. The loca-
tions of any anomalies can be determined with an ac-
companying global positioning system.

Claims

1. Rail vehicle (1) having rail wheels (3, 4) accommo-
dated to guide the rail vehicle (1) along a railway
track (2) and said vehicle (1) comprising means for
detection of a flaw or flaws in the railway (2) track,
which rail vehicle (1) is provided with a noncontact
vibrometer (9, 10) which is arranged to measure vi-
brational movement of the railway track (2) surface,
wherein each of the wheels (3, 4) is connected to
the vehicle (1) by an intermediate axle box (7, 8)
providing a bearing for the wheel (3, 4), character-
ized in that said axle box (7, 8) is provided with at
least one accelerometer, and that analyzing means
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(12) on or external of the vehicle (1) are present for
comparing railway track (2) surface vibrations as
measured with the noncontact vibrometer (9, 10)
with vibratory signals from the at least one acceler-
ometer.

Method for detection of a flaw or flaws in a railway
track (2), whereby a rail vehicle (1) is moved along
the railway (2) track for exciting the railway (2) into
vibration and that vibrational movement of the rail-
way (2) track surface is measured with a noncontact
vibrometer (9, 10) provided on the rail vehicle (1),
characterized in that the railway track (2) surface
vibrations as measured with the noncontact vibrom-
eter (9, 10) are compared with vibratory signals de-
rived from an axle box (7, 8) accelerometer of the
vehicle (1).

Patentanspriiche

1.

Schienenfahrzeug (1) mit Schienenradern (3, 4),
welche angeordnet sind, um das Schienenfahrzeug
(1) entlang einer Bahnstrecke (2) zu fiihren, wobei
das Fahrzeug (1) Mittel zur Erfassung eines Fehlers
odervon Fehlern in der Bahnstrecke aufweist, wobei
das Schienenfahrzeug (1) mit einem kontaktlosen
Schwingungsmesser (9, 10) ausgebildet ist, welcher
angeordnet ist, um Schwingungsbewegungen der
Oberflache der Bahnstrecke (2) zu messen, wobei
jedes der Rader (3, 4) mit dem Fahrzeug (1) durch
ein Zwischenachslager (7, 8) zum Liefern eines La-
gers fur die Rader (3, 4) verbunden ist, dadurch ge-
kennzeichnet, dass das Zwischenachslager (7, 8)
mit zumindest einem Beschleunigungsmesser aus-
gebildet ist, und dass Auswertemittel (12) auf oder
aullerhalb des Fahrzeugs (1) vorgesehen sind, um
die von dem kontaktlosen Schwingungsmesser (9,
10) gemessenen Oberflachenvibrationen der Bahn-
strecke (2) mit Schwingungssignalendes zumindest
einen Beschleunigungsmessers zu vergleichen.

Verfahren zur Erkennung eines Fehlers oder von
Fehlern auf einer Bahnstrecke (2), wobei ein Schie-
nenfahrzeug (1) langs der Bahnstrecke (2) bewegt
wird, um die Bahnstrecke (2) mit einer Schwingung
anzuregen, und wobei die Schwingungsbewegung
mit einem kontaktlosen Schwingungsmesser (9, 10),
welcher auf dem Schienenfahrzeug (1) angeordnet
ist, gemessen wird, dadurch gekennzeichnet,
dass die von dem kontaktlosen Schwingungsmes-
ser (9, 10) gemessenen Oberflachenschwingungen
der Bahnstrecke (2) mit Schwingungssignalen, wel-
che von einem Beschleunigungsmesser an einem
Zwischenachslager (7, 8) des Fahrzeugs (1) erhal-
ten werden, verglichen werden.
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Revendications

Véhicule ferroviaire (1) ayant des roues ferroviaires
(3, 4) regues pour guider le véhicule ferroviaire (1)
le long d’un chemin de fer (2) et ledit véhicule (1)
comprenant un moyen de détection d’un défaut ou
de défauts dans le chemin de fer (2), lequel véhicule
ferroviaire (1) est pourvu d’un vibrométre sans con-
tact (9, 10) qui est agencé pour mesurer un mouve-
ment vibratoire de la surface de chemin de fer (2),
ou chacune des roues (3, 4) est reliée au véhicule
(1) par une boite d’essieu intermédiaire (7, 8) four-
nissant un support pour la roue (3, 4), caractérisé
en ce que ladite boite d’essieu (7, 8) est pourvue
d’au moins un accélérometre, et en ce que

des moyens d’analyse (12) sur le véhicule (1) ou a
I'extérieur de celui-ci sont présents pour comparer
des vibrations de surface de chemin de fer (2) telles
que mesurées avec le vibrométre sans contact (9,
10) a des signaux vibratoires provenant de l'au
moins un accélérométre.

Procédé de détection d’'un défautou de défauts dans
un chemin de fer (2), moyennant quoi un véhicule
ferroviaire (1) est déplacé le long du chemin de fer
(2) pour exciter le chemin de fer (2) en vibration et
lequel mouvementvibratoire de la surface de chemin
de fer (2) est mesuré avec un vibromeétre sans con-
tact (9, 10) prévu sur le véhicule ferroviaire (1), ca-
ractérisé en ce que les vibrations de surface de
chemin de fer (2) telles que mesurées avec le vibro-
meétre sans contact (9, 10) sont comparées aux si-
ghauxvibratoires dérivés d’un accélérométre de boi-
te d’essieu (7, 8) du véhicule (1).
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