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(57) Abrege/Abstract:

Rail vehicle (1) having rail wheels (3,4) accommodated to guide the rail vehicle along a railway track (2) and said vehicle comprising
means for detection of a flaw or flaws in the railway track, wherein the rail vehicle is provided with a noncontact vibrometer (9,10)

which Is arranged to measure vibrational movement of the railway track surface.
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ABSTRACT

Rail vehicle (1) having rail wheels (3,4) accommodated to guide the rail vehicle along a
railway track (2) and said vehicle comprising means for detection of a flaw or flaws in the
railway track, wherein the rail vehicle is provided with a noncontact vibrometer (9,10) which

IS arranged to measure vibrational movement of the railway track surface.
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Method for detection of a flaw or flaws in a railway track, and

a rail vehicle to be used in such a method

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.

A method for detection of rail top defects in a rail-
way track by measuring an axle box acceleration signal of the
rail vehicle is known from the Dutch patent NL 2 003 351. Such
rail top defects are local short vertical geometrical devia-
tions 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 de-
fect, and subsequently into a severe defect. Rail fracture and
damages to its fastening, the rail pads, sleepers and ballast
(or slab) may ultimately occur if no remedial action 1s taken.

The invention is concerned with dealing with a broader
range of problems than only squats. Railway tracks have a su-
perstructure and a substructure. The superstructure comprises
rails, switches and crossings (S&C), insulated joints (1J),
fasteners, sleepers and ballast (or slab). Due to the interac-
tion between the wheels of the train and the track, dynamic
forces arise between the wheels and the ralls. As a consequence
thereof stresses and strains arise in and between the track
components, resulting in wear, deformation, and eventually pos-
sibly breakdown of the railway superstructure due toO (metal)

fatigue.
Generally speaking, the dynamic forces cause that the

quality and performance of the components and the track system
as a whole degrades. The components which are subject to (grad-
nal) degradation include the rails, the switches and crossings,
the insulated joints, the rail pads, (loose and missing) fas-

teners, {(damaged or hanging) sleepers. Also local poor ballast

and slab guality 1s a concern.
Tt is an object of the invention to detect such degra-

dation of the system so that the gquality and performance of the

components and the system can be restored.
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It is 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 detected 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. Passengers' safety 1s at risk,
and passengers' travels will be disrupted or have to be rerocut-
ed. Such an unplanned and late repair also results in high
costs.

US2007/163352 discloses a method for detection of a
flaw or flaws in a railway track, whereby a rail 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 measured with a noncontact vibrom-
eter. 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 vibrational
movement of the railway track surface.

To promote the objects of the invention a method and a
rail vehicle are proposed in accordance with one or more of the
appended claims.,

In a first aspect of the invention a rail vehicle 1s
proposed wherein the axle box is provided with at least one ac-
celerometer, and that analyzing means on or external of the ve-
hicle are present for comparing railway track surface vibra-
tions as measured with the noncontact vibrometer with vibratory
signals from the at least one accelerometer.

Accordingly in the method of the invention the rail
vehicle is moved along the railway track for exciting the rail-
way into vibration so that the vibrational movement of the
railway track surface can be measured with the noncontact vi-
brometer, and the railway track surface vibrations as measured
with the noncontact vibrometer are compared with Vibratory sig-
nals derived from an axle box accelerometer of the vehicle.

Thus according to the method of the invention it 1is possible tO
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automatically and continuously inspect and monitor the condi-
tions 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 respons-
es.

According to the invention the noncontact vilibrometer
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 1t-
self, the bogie or the axle box. Being able to be installed on
an in-service vehicle makes 1t non-intrusive - 1t does not re-
quire that other trains give way to it. The continuous and non-
intrusive nature makes it ideal for monitoring and not missing
fast developing degradations.

With this system and railway vehicle cof the invention,
and the method of its operation, the reliability and availabil-
ity of the railway infrastructure can be very much improved. It
also greatly reduces unsafe labor conditions of track inspec-
tors, the work of whom can be avoilded to a large extent.

The proposed method and railway vehicle invention 1s
based on the insight that anomalies in the railway track will
occur due to degradations caused by forces, stresses and
strains in and between the components of the railway track, and
that such forces, stresses and strains are eventually the re-
sult of the wheel-rail interaction. 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 are
designed to fulfill their respective functions in the system
with different stiffness, damping and wavelength characteris-
tics. 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 analy-
sis of the responses, which develop in line with the degrada-

tion of the components and the interaction between these compo-

nents, resulting in varying 1lnput-response relationships. By
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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 i1dentified.

It is found to be beneficial that the railway track
surface vibrations as measured with the noncontact vibrometer are
compared with vibratory signals derived from an axle box
accelerometer of the vehicle. Correspondingly 1t 1s preferred
that there are analyzing means, preferably on the vehicle, for
comparing railway track surface vibrations as measured with
the noncontact vibrometer with vibratory signals from at least

one accelerometer of the vehicle’s axle boxes. Thilis 1mproves

the sensitivity, resolution, accuracy and reliability of
detecting the degradation of the components and the system.

In a broad aspect, moreover, the present invention
relates to a rail vehicle 1 having rail wheels 3, 4
accommodated to guide the rail vehicle 1 along a raillway 2
track and said vehicle 1 comprising means for detection of a
flaw or flaws in a railway 2 track, which rail vehicle 1 1is
provided with a noncontact vibrometer 9, 10 which 1s arranged
to measure vibrational movement of a railway track 2 surface,
wherein each of the wheels 3, 4 1s connected to the vehicle 1
by an intermediate axle box 7, 8 providing a bearing for the
wheel 3, 4, characterized in that said axle box 7, 8 1s
provided with at least one accelerometer, and that analyzing
means 12 on or external of the vehicle 1 compares railway 2
track surface vibrations as measured with the noncontact
vibrometer 9, 10 with vibratory signals from the at least one
accelerometer.

In another broad aspect, the present invention
relates to a method for detection of a flaw or flaws 1n a
railway 2 track of a railway 2, whereby a rail vehicle 1 1is

moved along the railway 2 track for exciting the rallway 2

CA 2847375 2018-10-19
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into vibration and that vibrational movement of a railway Z
track surface is measured with a noncontact wvibrometer 9, 10
provided on the rail vehicle 1, characterized 1n that the
vibrational movement of the railway track 2 surface as
measured with the noncontact vibrometer 9, 10 is compared with
vibratory signals derived from an axle box 7, 8 accelerometer
of the vehicle 1.

The invention will hereinafter be further
eluclidated with reference to the drawing of a single figure
providing a schematic view of a vehicle according to the
invention moving over a ralilway track.

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

The vibrations as can be monitored on the rail head
surface of the rails 2 can be picked up by accelerometers (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 1its underside. A particularly
useful noncontact vibrometer 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 1is

CA 2847375 2018-10-19
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noted however that this is simply one possible embodiment; 1t
is also possible to implement the vibrometer with one single
unitary transmitter/receiver. The signals thus derived are pro-
cessed in computing means 11 to provide the vibrational meas-
urements concerning the rail surface.

Tt is remarked that the axle box 7, 8 accelerometers
may provide signals corresponding to vibrations of the bearing
of the wheels and of the wheels 3, 4, dynamic compression of
the wheel-rail contact, geometry irregularity 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 ex-
ternally or on the vehicle 1 analyzing means 12 are present for
comparing railway 2 track surface vibrations as measured with
the noncontact vibrometer 9, 10 and determined by computing
means 11, with vibratory signals from at least one accelerome-
ter of an axle box 7, 8 which are processed by computing means
13, The analyzing means 12 may also i1nclude storage means ena-
bling later processing of the measurement signals.

The dynamic wheelrail contact force can be derived
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 bear-
ings. 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 removed by making use of the measurement Dby
the noncontact vibrometer 9, 10. In this way the instrumented
vehicle 1 will perform a hammer-like test aimed at detecting
trackflaws/anomalies/discontinuities at rail 2 such as frogs of
switches and crossings, insulated joints and squats where
broadband impact force arises at wheel-rall 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 belng
the sleeper 6 passing frequency. At design track irregularitiles
like those in switches and crossings, the situation will be a

combination of both types of excitations. At anomalies 1n the
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railway 2 track the interaction between track components and

between wheel 3, 4 and rail 2 are abnormal, causing deviation

in their respective vibration modes. By comparing the respec-

tive vibration modes with their design values, the anomalies
can be identified. The locations of any anomalies can be deter-

mined with an accompanying global positioning system.



CLAIMS

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

2. Method for detection of a flaw or flaws in a

railway (2) track of a railway (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 a railway
(?2) track surface is measured with a noncontact vibrometer (3,
10) provided on the rail vehicle (1), characterized in that
the vibrational movement of the railway track (2) surface as
measured with the noncontact vibrometer (9, 10) 1is compared
with vibratory signals derived from an axle box (7, 8)

accelerometer of the vehicle (1).
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