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(57) Abrege/Abstract:
The Invention relates to a transport rail system (1) capable of detecting a weight of a rai
comprises one or more rails (3a, 3b) and one or more sensors (/) for measuring a magr

(7) Is adapted to measure a change of a magnetic property in order to determine a weigr

4b

vehicle (2). The transport rail system (1)
etic property. At least one of the sensors
t bearing on one or more of the rails (3a,

3b), the change of the magnetic property being caused by stress exerted on the rail (3a, 3b) by said weight. Said transport ralil

system (1) Is characterized in that one or more of the sensors (/) are adapted to measure

the change of a magnetic property of the

rail (3a, 3b) itself and/or that one or more sensors (/) are adapted to measure the change of a magnetic property of a supporting
structure (4a, 4b) of the rail (3a, 3b). The invention allows providing a transport rail system (1) at a lower price as the complexity of

such a system may be lowered.
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(57) Abstract: The mnvention relates to a transport rail system (1) capable of detecting a weight of a rail vehicle (2). The transport
rail system (1) comprises one or more rails (3a, 3b) and one or more sensors (7) for measuring a magnetic property. At least one of
the sensors (7) 1s adapted to measure a change of a magnetic property m order to determine a weight bearing on one or more of the
rails (3a, 3b), the change of the magnetic property being caused by stress exerted on the rail (3a, 3b) by said weight. Said transport
rail system (1) 1s characterized in that one or more of the sensors (7) are adapted to measure the change of a magnetic property ot the
rail (3a, 3b) itselt and/or that one or more sensors (7) are adapted to measure the change of a magnetic property of a supporting
structure (4a, 4b) of the rail (3a, 3b). The mvention allows providing a transport rail system (1) at a lower price as the complexity of
such a system may be lowered.
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Transport rail system with weighing means

Description

Field of the invention

The invention relates to a transport rail system capable of detecting a weight of a rail vehicle,

the transport rail system comprising one or more rails, and one or more sensors for

measuring a magnetic property, wherein at least one of the sensors is adapted to measure a
change of a magnetic property in order to determine a weight bearing on one or more of the

rails, the change of the magnetic property being caused by stress exerted on the rail by said
weight.

Background of the invention

In the laid open document DE 11 33 141 an apparatus for determining the weight of railway
vehicles is described. This apparatus determines the weight of such vehicles by measuring

the pressure exerted by the wheels onto the rails using at least two strain sensors positioned
IN series along the bottom side of the ralil.

Patent specification DE 12 62 628 shows a device for weighing rolling stock. In this invention
the weight of a rolling railway wagon is measured on a weighing stretch of rail that can freely
move in vertical direction. The vertical displacement is translated into a measurement signal

by two pressure sensing means comprising a magnetostrictive core.

In patent application CN 101 36 88 42 A, a track dynamic weighing method is disclosed. It
features a weighing method using two weighing points, which have equal distance from two
fulcrums on a weighing track. A sensor which adopts a three-pole E-shaped integral iron core
measures the force borne by the track exploiting the counter magnetostrictive effect in an
amorphous alloy thin film layer attached to the measurement points on the central axis of the

lateral side of the rail. This thin l[ayer of amorphous alloy is located between the detector iron
core and the ralil itself.
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In patent specification GB 941,963 improvements in or relating to railway vehicle weighing
machines are described. Such a weighing machine comprises at least three strain
responsive devices, which detect the bending moments at three different places within the

spacing of two sleepers of a rail over which a railway rail vehicle passes.

From the laid open document EP 2 397 830 A2 a torque and force measurement system is
known for measuring torque and/or force impact on a corpus. The corpus may for example
be a bicycle drive shaft or a wind turbine shaft. A field generator arrangement, which
comprises a coil wound around a ferromagnetic flux concentrator, applies a magnetic field to
the corpus. The coil may be powered by a DC or an AC signal, for example with a frequency
between 200 Hz and 1000 Hz. The corpus modifies the morphological structure due to the
torque and/or force impact so as to influence the generated field. This modification can be
determined by a magnetic field sensor arrangement which may likewise comprise a coil and

a flux concentrator.

Problem to be solved by the invention

It is an object of the present invention to improve a transport rail system. For instance, a
transport rail system with a weighing system that can be installed more easily, that can be

obtained at a lower price or that can have a reduced complexity shall be provided.

Solution according to the invention

According to the invention the problem is solved by a transport rail system capable of
detecting a weight of a rail vehicle. The transport rail system comprises one or more rails,
and one or more sensors for measuring a magnetic property, wherein at least one of the
sensors is adapted to measure a change of a magnetic property in order to determine a
weight bearing on one or more of the rails, the change of the magnetic property being
caused by stress exerted on the rail by said weight, and wherein one or more of the sensors
are adapted to measure the change of a magnetic property of the rail itself and/or one or
more sensors are adapted to measure the change of a magnetic property of a supporting

structure of the rail.
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In the sense of this invention a transport rail system is a rail system which allows the
transport of a rail vehicle from one point of the rail to another on a predefined path. Such a
rail vehicle can for example be a rail car, a locomotive, a lorry, a trolley or a train set formed
by a multiplicity of carts. A transport rail system can be found indoors as well as outdoors. It
can be installed for example in a warehouse as a goods transport system or outdoors as a
railroad track. In the present case a transport rail system allows the transport by guiding the

rail vehicle either hanging on the rail system, so that the rail vehicle moves below and/or
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between the rail height level, or standing on the rail system, so that the rail vehicle moves

above the rail height level.

According to this invention a rail is a beam that carries a rail vehicle on a predefined track in
the transport rail system. In the sense of this invention, the rail having weighing means is not
a separate part of the track, but an integral part of the track. That means it is not
mechanically disconnected from the part of the transport rail system that is not adapted for
detecting a weight of the vehicle. Furthermore according to this invention a supporting
structure is a structure that carries the rail. A supporting structure can for example be a
sleeper of a railroad track, a scaffold, a rack, or a beam which stabilises the rail in a desired

position, for example on the ground, a scaffold, on a wall or from a ceiling.

By measuring the weight effect on a magnetic property of the rail itself and/or by a supporting
structure of the rail additional materials like special alloys between the sensor and the rail of
the supporting structure previously found necessary may surprisingly be omitted. Thus the
price and the complexity of such a transport rail system capable of detecting a weight of a rail
vehicle may be reduced. Further advantages may be obtained by preferred embodiments of

the invention which are discussed below.

The different sensors described below are merely examples for suitable sensor designs for
use with the present invention; in principle, any sensor that is sensitive enough to utilize, as a
measurement signal, the change of a magnetic property of the rail itself or of the support
structure of the rail due to load on the rail may be suitable for use as a sensor in the present

invention, preferably those types of sensors that are adapted to pick up a changing magnetic

field, for example through pickup coils.

For a sensor to measure the change of a magnetic property of the rail or the support
structure means that the majority, i.e. more than 50%, of the magnetic property change as
registered by the sensor stems from a change of a magnetic property of the rail or the
support structure, respectively. Preferably, more than 70%, more preferably more than 80%,
more preferably more than 99%, more preferably the entire magnetic property change as
registered by the sensor stems from a change of a magnetic property of the rail or the
support structure, respectively. This is in contrast to arrangements where mainly the change
of a magnetic property of a part other than the rail or the support structure is measured, e.g.
that of an amorphous alloy thin film layer as disclosed in CN 101 36 88 42 A. In the present
invention one may think of the rail itself or its support structure as part of the measurement

arrangement of the sensor, preferably part of a pole core.
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Preferred embodiments of the invention

In a preferred embodiment of the transport rail system the system comprises two or more
sensors adapted to measure the change of the magnetic property. In an embodiment the
sensors are on the same surface of the transport rail system while having the same
measurement orientation. If the weight exerts a stress on the rail, the rail bends. The lower
the weight borne by the rail, the less bending of the rail may occur, which also may lower the
effect on the magnetic property. Thus it may be useful to extend the length of the rail on
which the weighing shall occur by having several sensors along that section of the rail. For
example, two, three, four, five, six, seven, eight, nine or ten sensors may be arranged along
a section of the rail, preferably equidistantly with respect to each other. The distance
between two adjacent sensors preferably is larger than one centimetre, more preferably
larger than two centimetres, more preferably larger than three centimetres, more preferably
larger than five centimetres, more preferably larger than ten centimetres, more preferably
larger than 20 centimetres, more preferably larger than 30 centimetres. The distance
preferably is smaller than 20 metres, more preferably smaller than ten metres, more
preferably smaller than one meter, more preferably smaller than 90 centimetres, more
preferably smaller than 50 centimetres, more preferably smaller than 30 centimetres. Thus,
iIn some embodiments of the invention, the distance between two adjacent sensors is for
example between 20 centimetres and 90 centimetres. In some embodiments the distance is
smaller than ten centimetres. In some embodiments, the distance is larger than one meter,
more preferably even larger than ten meters. In general it is preferred that the measurement
occurs on a length of the rail along the distance over a multitude of supporting points of the
rail, preferably along the distance over two, three, four, five, six, seven, eight, nine or ten
supporting points which most preferably are sleepers of a railroad track. In some
embodiments a single sensor can be sufficient, for example if the weight is comparably large
or the rail or support structure bends comparably easily. By that the costs of providing such a

system may be reduced.

In another embodiment it is preferred that the transport rail system comprises two or more
sensors adapted to measure the change of the magnetic properties on two surfaces of
different orientation. As different components of the stress being effective in different

~directions of the rail (for example stress/strain) lead to different changes in the magnetic field,

multiple sensors can be used to calculate the weight bearing on the rail or the supporting
structure. The sensors on the different surfaces may be installed with an offset with respect

to each other, preferably having an offset along the rail. For example, three sensors may be
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mounted on a base surface of the rail with a distance between each other and three
additional sensors may be mounted on a lateral surface of the rail in intermediate positions
with respect to the sensors on the base surface, mutatis mutandis for the supporting

structure of the rail.

In a preferred embodiment, the system comprises two or more sensors adapted to measure
the change of a magnetic property either of the rail itself or of a supporting structure of the
rail and at least two of those sensors are mounted in a way to measure the change of the
magnetic property in different measurement directions, the measurement directions having
an angle larger than zero between each other. This embodiment is preferred to be applied on
railroad tracks. For example, the angle between the measurement directions of two sensors
in the transport rail system is larger than 5, preferably larger than 10, more preferably larger
than 40, more preferably larger than 60 degrees, for example between 80 and 100 degrees.
In some embodiments at least two of those sensors are mounted in a way to measure the
change of the magnetic field in a direction perpendicular towards each other. As train wheels
often have tilted running surfaces, they exert forces on the rails both towards the ground anad
parallel to the ground. To adapt to the design of the running surfaces the rails are often tilted
inward. In such cases, having two sensors measuring in directions having an angle between
each other may result in an increased precision.

In a preferred embodiment one or more sensors comprise one or more measurement
arrangements for measuring the magnetic property; a measurement arrangement is the part
of the sensor that is adapted to sense a signal being changed by the change of the magnetic
property. Typically, a measurement arrangement comprises a coil, preferably a coill

surrounding a core. Preferably, a surface of the coil or of an integral pole core is in direct
mechanical contact with the respective element of the transport rail system whose magnetic

property to be measured changes. Having direct contact between the measurement
arrangement for measuring the magnetic property and the element whose magnetic property
to be measured changes may allow collecting an especially strong signal from the rail, so
that this embodiment is highly preferred.

A sensor suitable for being used in embodiments of the present invention is for example
shown and described in EP 2 397 830 A, depicted for example in Figures 10 and 15 of that
document. While in the embodiments shown in EP 2 397 830 A the measurement
arrangement, comprising a core and a coil surrounding the core, is mounted at a distance
from the corpus to be
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measured, in the present invention in some embodiments the measurement arrangement,
preferably the core, may have a surface having direct mechanical contact with the corpus,
namely the rail or the support structure. Another sensor having such measurement
arrangement and being suitable for use in embodiments of the present invention is shown
and described in CN 101 368 842 A, for example in Figures 2 and 3 shown in that document.
In contrast to the present invention, according to this prior art document neither the
measurement coils nor their pole cores are in direct contact with the rails or their supporting
structure via one of its surfaces, but the measurement arrangements of the sensor are in
contact via integral pole cores with an alloy that exhibits a strong inverse magnetostrictive
effect that is measured instead of the effect present in the rail or the support structure itself.
With the present invention, the alloy layer can be omitted, so that the complexity and the
price of such a transport rail system may be lowered.

In a preferred embodiment of the transport rail system one or more sensors comprise one or
more measurement arrangements for measuring the magnetic property, the measurement
arrangements having an air gap between itself and the respective element of the transport
rail system whose magnetic property to be measured changes. Having an air gap is
equivalent to an embodiment of a contactless weighing system. Preferably a sensor as
known from EP 2 397 830 A is used. While this prior art document describes the use of the
sensor for torque and force measurement, the sensor may just as well be used for measuring
weight, as a weight load on a corpus will also result in a change in morphology of the corpus
and thus In a change of a magnetic property in the ferromagnetic corpus. As demonstrated in
the prior art document, the measurement coil and core as part of the measurement
arrangement may be mounted at a distance, i.e. with an air gap, from the corpus to be

measured in order to pick up a magnetic field. In some embodiments, a sensor of the type
known from CN 101 368 842 A is mounted with its measurement arrangement at a distance

from the element whose magnetic property to be measured changes. This may allow
providing a sensor that is not mounted to the rail and possibly not even to the supporting
structure, so that the rail or a supporting structure can be replaced without having to replace
the sensor itself. Accordingly, in a particularly preferred embodiment there is an air gap
between the whole sensor and the element whose magnetic property to be measured
changes. In certain embodiments the air gap may be partially or completely filled with a
material bridging the gap. This material may be a glue. Another suitable material is a
magnetic compound for fixing the sensor to the rail or the support structure removably. The
layer bridging the gap or the air gap may measure for example 100 um or more, especially in
cases where the sensor is sensitive enough, or less than 50 um, especially in cases where
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the sensor has a rather low sensitivity, so that it is preferred to keep the distance between

rail or support structure and measurement coil low while still a contactless measurement is

desired.

Preferred is that one or more of the rails have a supporting structure and the sensor is
adapted to measure the change of a magnetic property of the supporting structure of the rail
caused by stress exerted on that rail by said weight. With this embodiment, it may become
possible to replace the rail in case of a defect while the sensor can stay in place. An
achievable advantage is that handling time is reduced, especially in cases where the rails

have to be replaced regularly.

In a preferred embodiment at least one or more of the rails have one or more sensors
mounted to them which are adapted to measure the change of a magnetic property of said
rall caused by stress exerted on that rail by said weight. This embodiment may have the
advantage that rail and sensor can be produced together and can be deployed as a set later
on. Thus expert knowledge that can be necessary to mount and calibrate the sensors on the
rail can be concentrated at one side while in the field only conventional knowledge about
railway construction is needed. In some settings it is desirable that in addition at least one of
the rails has a supportihg structure and at least one additional sensor is adapted to measure
the change of a magnetic property of the supporting structure of the rail caused by stress
exerted on that rail by said weight. Thus the change of the magnetic property caused by the

stress exerted on the rail can be measured at different locations, which may lead to an

Increased precision.

Furthermore it is preferred that one or more sensors adapted to measure a change of a
magnetic property caused by stress exerted on the rail is arranged on the rail in an
intermediate position between two supporting points of a supporting structure of the rail. This
can be particularly useful as the rail may be most pronounced between two supporting
points. Thus, it is most preferred that a sensor is placed exactly half way between two
supporting points. A preferred supporting point is the mounting point of the rail at a sleeper of
a railroad track, a scaffold, a rack, a ceiling or a beam. In other embodiments sensors may
additionally or alternatively be placed at supporting points of the supporting structure of the
rail. This can reduce the installation time as manual work necessary to install the sensors

can be performed while the rail is mounted to the supporting point.

It is preferred that the physical effect underlying the change of the magnetic property to be

measured by the sensors is the inverse magnetostrictive effect. The inverse magnetostrictive
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effect allows the weight bearing on a rail to be calculated based on the change of the

magnetic susceptibility of an element of the transport rail system due to stress on the rail, for
example the ralil itself or a supporting structure of the rail. While previously it was thought that
the effect on the rail itself or a supporting structure of the rail is too weak to be measured,
recent development in sensor technology allows direct measurement of the effect in
conventional rails or support structures, like railroad rails or ferromagnetic steel beams for
supporting structures. Thus potentially expensive additional materials like alloys with large
inverse magnetostrictive characteristics between the rail and the sensor can be omitted. This
may lower costs and reduce complexity of such transport rail systems with weighing

capabilities.

Preferably the transport rail system has two or more rails arranged in parallel to each other.
In this case a preferred transport rail system can be a railroad track system. The
determination of weight of trolleys, locomotives or lorries or railroad carts is often necessary
in the industrial sector. Thus having such an enhanced transport rail system can be of great
advantage. With previously known transport rail systems having weighing means and being
applied for railroad tracks rather complex setups were necessary, involving cutting holes to
the rails for mounting magnetic sensors or cutting parts of the rail for providing mechanical
weighing apparatuses. In contrast to these solutions, the present transport rail system may
allow measurement of the weight without damaging the rail or the supporting structure of the
rail. Accordingly, applying the present system to a railroad track can be remarkably easy and
reduces the amount of manual work needed to install the sensors to the rail or the supporting
structure. Thus installing the weighing system can reduce both the necessary working time

as well as the costs.

In a transport rail system with two or more rails arranged in parallel to each other, preferably
at least one sensor is arranged on each rail. This is advantageous because typically the
weight of a rail vehicle does not weight equally on both rails, and his fact can be accounted
for by measuring the weight on both rails. Preferably, the two sensors lie on a straight line
which extends perpendicularly to the longitudinal extension of the parallel rails. Further
Sensors may be arranged on each rail and preferably, these sensors, too, are arranged in
pairs, each pair lying on a straight line which extends perpendicularly to the longitudinal

extension of the parallel rails.

In another preferred embodiment, the transport rail system is a monorail system. That means
it comprises exactly one rail carrying the vehicle. A monorail can be advantageous for the

use In warehouses or the like. Systems with only one rail allow a very easy implementation of
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weight measurements through the measurements of change of a magnetic field. Under ideal
conditions in such systems bending occurs in one predictable dimension only. Thus this is
one possible case in which exactly one sensor can be used to come to reliable and
reproducible weighing results. In other cases, for example where bending forces in more
than one direction occur or where bending effects over a longer distance of the rail shall be
detected, more than one, preferably two or more, more preferably four, five, six, seven or
eight sensors may be present, for example measuring a change of the field strength in

different directions or for collecting an extended bending profile.

The transport rail system can be designed in a way that the element of the transport rail
system whose magnetic property changes due to the applied stress comprises or consists of
ferromagnetic steel. Preferably the element comprises at least 10%, more preferably at least
20%, more preferably at least 30%, more preferably at least 40%, more preferably at least
50%, more preferably at least 60%, more preferably at least 70%, more preferably at least
80% or even more preferably at least 90% of ferromagnetic steel. Preferably the element
comprises up to 10%, more preferably up to 20%, more preferably up to 30%, more
preferably up to 40%, more preferably up to 50%, more preferably up to 60%, more
preterably up to 70%, more preferably up to 80%, more preferably up to 90% or even more
preferably up to 100% of ferromagnetic steel. That means for example that the element may
comprise more than 40% but less than 70% of ferromagnetic steel. For example, inverse
magnetostriction occurs when a mechanical load deforms a ferromagnetic material. Thus
lager amount of ferromagnetic steel may result in an increased signal resulting from the
magnetic field. Alternatively any other type of ferromagnetic material can replace
ferromagnetic steel to achieve a signal of a change in a magnetic field. In the view of the
desired measurements it is preferred that either the rail itself or the support structure of the

rail features the mentioned amount of ferromagnetic material, preferably ferromagnetic steel.

In a preferred embodiment at least one rail of the system is permanently magnetised. This
allows providing a transport rail system with a so called passive sensor technology. “Passive
sensor technology” means that means for actively generating a magnetic field may be
omitted, preferably omitted from the sensor. Thus the sensor only needs to be equipped with
at least one measurement coil as a pick-up coil to measure the change in the magnetic field
of the rail caused by stress due to a weight barring on the rail. This may result in lowered
costs. Alternatively an “active sensor technology” may be used in which a rail becomes
magnetised once a weight measurement shall occur. Such active sensors are for example
shown and described in CN 101 368 842 A and EP 2 397 830 A. In the case of an active

sensor technology the sensor preterably comprises means for emitting a magnetic field
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which is induced into the objective rail or support structure, for example a coil for generating
a magnetic field. Such means are for example shown and described in EP 2 397 830 A. This

document discloses a coil surrounding a core for generating a magnetic field. An achievable
advantage of the active sensor technology is that no permanent magnetisation of the rail is
necessary. Of course the support structure may — mutatis mutandis — also be permanently
magnetised to allow a passive measurement and the means for emitting a magnetic field in

the active case may also be provided as means separate from the sensor.

Preferably one or more sensors for measuring a magnetic field of the transport rail system
are removably mounted to the system. Such a set up allows quick mounting and un-
mounting of the sensors on the transport rail system, for instance on the rail or on the
supporting structure of the rail. The sensors may be fixed to the rail in a non-permanent way
so that easy removal is possible, for example if the rail or the supporting structure has to be

replaced or if the sensor shall be installed at another rail in a different location. This may

reduce maintenance time or costs.

Brief description of the drawings

The invention is illustrated in greater detail with the aid of schematic drawings.

Figure 1: Fig. 1 shows a sideview of a transport rail system according to an embodiment

of the invention;
Figure 2: Fig. 2 shows a top view of another embodiment of the invention;
Figure 3. Fig. 3 shows a front view along the rail of the embodiment of the invention

according to Fig. 2.,
Figure 4: Fig. 4 shows a front view of another embodiment of the invention in which the

transport rail system has two rails;
Figure 5: Fig. 5 shows an embodiment of an active magnetic sensor for use in an
embodiment of the invention; and

Figure 6: Fig. 6 shows another embodiment of an active magnetic sensor for use in an

embodiment of the invention;
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Detailed description of embodiments of the invention

Figures 1 to 6 show embodiments of transport rail systems 1 according to the invention or

elements which can be of importance for such transport rails systems 1.

Fig. 1 shows a transport rail system 1 capable of detecting a weight of a rail vehicle 2. In this
case it is a monorail system, the rail 3a being supported by a first beam 4a and a second
beam 4b. The first beam 4a and the second beam 4b are mounted to a wall 5 as can be

seen in Figures 2 and 3. The rail 3a was cast from a metal alloy and comprises

ferromagnetic steel.

A heavy rail vehicle 2 having a single wheel 6 and carrying a payload travels along the rail 3a
and by the gravitational force generated by its mass the rail 3a as well as the supporting
beams 4a, 4b are deformed. As indicated in Fig. 1, a first and a second sensor 7a, 7b are
positioned on a lateral surface 8 as well as on a base surface 9 of the rail 3a at a
measurement point, the measurement point being equidistantly positioned from the first
beam 4a and the second beam 4b. That means in other words that the rail 3a has two
sensors 7a, 7b mounted to it which are adapted to measure the change of a magnetic
property of that rail 3a caused by stress exerted on that rail 3a by said weight. The sensors
7a, 7b are arranged on the rail 3a in an intermediate position between two supporting points,

formed by the two supporting beams 4a, 4b, of a supporting structure of the rail 3a.

While in the ideal situation the monorail system bends only in a single dimension, in some
cases the rail 3a will experience bending in different directions. Thus, two sensors measuring
the change of the magnetic property in different measurement directions, the measurements
directions having a non-zero angle between each other, are provided. By placing sensors 7a,
7b on the base surface 9 and the lateral surface 8 of the rail 3a orthogonally with respect to
each other, the stresses in the material can be measured in orthogonal directions, which may
be one way of increasing the measurement accuracy and precision. This method can be
extended by placing a multitude of sensors 7 along the rail 3a and can also be applied for
transport rail systems 1 with more than one rail 3a, for example in railway systems as
depicted in Fig. 4. In other embodiments, the measurement directions may have an angle of
for example 45 degrees between each other, so that a measurement of different non-
collinear components of the magnetic property may be performed in geometries different
from the one described above. In embodiments having two or more rails 3a, 3b as shown in
Fig. 4, sensors 7 are preferably provided at each rail 3a, 3b so that the different loads

bearing on each rail 3a, 3b can be measured separately.
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Another embodiment of the invention is shown in Figure 2 and Figure 3. Figure 2 Is a top
view of that embodiment along the direction of the gravitational force. Figure 3 is a front view
of that embodiment viewed along the rail 3a. Here the bending of two successive supporting
beams 4a and 4b is measured by two pairs of orthogonally placed sensors 7a to 7d (again, in
other embodiments of the invention, the sensors may be placed at a different angle to each
other). The rail 3a has a supporting structure formed by the supporting beams 4a, 4b and the
sensors 7a to 7d are adapted to measure the change of a magnetic property of the

supporting structure of the rail caused by stress exerted on that rail 3a by said weight.

The rall vehicle 2 travels along the rail 3a and comes to a position in between the two
support beams 4a, 4b being equipped with the sensor pairs which detect the strain and
stress in each of the support beams 4a, 4b respectively. After a calibration, for example a
calibration run with a rail vehicle 2 of known mass, the generated electrical signals can be
used to infer the mass of a rail vehicle 2 with unknown mass. It is not necessary to stop the
vehicle 2 for weighing. Thus weighing can take place while the rail vehicle 2 travels, allowing

a faster completion of the desired transport.

In yet another embodiment of the invention, which is shown in Fig 4., we consider a system
of two rails 3a, 3b which are arranged in parallel to each other, as for example in the case of
railway tracks. The weight of the rail vehicle 2 (not shown in this figure) is carried by both
rails 3a, 3b simultaneously but is not necessarily distributed equally on both rails. Hence, to
determine the weight of the rail vehicle 2, sensors 7a, 7b may be placed on each ralil 3a, 3b.
In the given case, a pair of sensors 7a, 7b is placed on one rail 3b only. In the case of
railroad rail vehicles 2, the force applied on the rail 3b by the weight of the rail vehicle 2 has
components in both directions perpendicular to the longitudinal direction of the rail, both
being perpendicular to each other as well. Stress occurring in those directions marked X and
Y can be measured by the first 7a and the second sensor 7b mounted to the rail 3b
respectively. It is evident to the skilled person that in some other embodiments there may be
further sensors 7 mounted to that rail 3b or to the other rail 3a, for instance if the railroad
track is tilted sideways with regards to the transport direction or if the deformation of the rail
3a shall be measured along an extended portion of the rail 3a which can make it necessary

to increase the number of sensors 7.

Regarding the sensors 7 to be used, schematic drawings are provided in Fig. 5 and 6. Those
sensors 7 are active sensors as described earlier in the document CN 101 36 88 42 A,

having an excitation coil 10 for inducing a magnetic field into the rail 3a itself or into the



10

15

20

25

30

35

CA 02908617 2016-11-25

13

support structure 4a, 4b of the rail 3a, and measurement coils 11a, 11b as part of
measurement arrangements for picking up the magnetic field permeating the rail 3a. The
sensor 7 used in the here described embodiments comprises an E-shaped integral iron core
with three poles. The excitation coil 10 is wound around the central pole and by applying a
current from a power source (not shown) a magnetic field is generated. The first and the
second measurement coils 11a, 11b are pickup coils which can measure magnetic fields
through induction and are wound around the two outer pole cores respectively, each to one
of the outer poles of the E-shaped core. The magnetic field, which is actively generated by
the excitation coil 10, induces a magnetic field in the ferromagnetic material of the rail 3a
which in return is detected by the two measurement coils 11a, 11b. In the embodiment of the
sensor 7 shown in Fig. 5, the sensor 7 comprises two measurement coils 11a, 11b for
measuring the magnetic field, the coil surrounding a core and the core having a surface
being in direct mechanical contact with the respective element of the transport rail system 1
whose magnetic property to be measured changes, in this case the rail 3a. Thus, the
measurement arrangement has a surface, in this case the integral pole core, being in direct
mechanical contact with the respective element of the transport rail system 1 whose
magnetic property to be measured changes, in this case the rail 3a. Thereby, the rail 3a itself
becomes part of the measurement arrangement.

In another embodiment, depicted in Fig. 6, the sensor 7 comprises a first and a second
measurement coll 11a, 11b for measuring the magnetic property, the coils surrounding a
core and the core having an air gap between it and the respective element of the transport

rail system 1 whose magnetic property to be measured changes, in that case a support

structure, specifically a ferromagnetic beam 4a consisting of ferromagnetic steel. In this case
the pole of the core around which the excitation coil 10 is wound has an air gap to the beam
4a as well. In other embodiments though it might be advantageous that the pole of the
excitation coil has a surface in direct contact with the element whose magnetic property to be
measured changes while the poles of the core that are surrounded by the measurement coils
11a, 11b has an air gap to the beam 4a. If it is desired to use a passive measurement
technology to omit the excitation coil 10 in the sensor 7 instead, the objective rail 3a, 3b or

support structure 4a of the rail 3a, 3b has to be permanently magnetized.

In an alternative embodiment, not depicted in the figures, the sensor known from
EP 2 397 830 A is applied instead of the sensor 7 described above. The corpus to be
measured when applying the sensor of EP 2 397 830 A to the present invention is either the
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rail 3a, 3b itself and/or the support structure 4a, 4b of the rail 3a, 3b. The properties and
settings of the electronics of the sensor, for example the frequency of the magnetic field to be
applied as described in said document, may also be applied to the sensor known from

CN 101 36 88 42 A described above or to other sensors 7 adapted to measure a change of a
magnetic property of the rail 3a, 3b itself or of a support structure 4a, 4b of the rail 3a, 3b.

The sensors 7 each are contained in a mechanical housing 12 which comprises permanent
magnets 13 at its lateral ends which allow for quick and removable placement of the sensor
modules to the rails 3a, 3b and support beams 4a, 4b or any ferromagnetic structure of the

transport rail system to be tested.

The present invention provides an improved transport rail system 1 capable of detecting a
weight of a rail vehicle 2. When a rail vehicle 2 travels along the rail 3a, the rail 3a and/or
support beams 4a, 4b are bent and the resulting shear stress and strain change the
magnetic susceptibility of the ferromagnetic material of the rails 3a, 3b or beams 4a, 4b. This
means that the physical effect underlying the change of the magnetic property to be
measured by the sensors is the inverse magnetostrictive effect, also known as Villari effect.
The change of magnetic susceptibility causes a change of the magnetic field picked up by
the sensor's measurement coils 11a, 11b. This change is proportional to the bending of the
rail 3a, 3b or beam 4a, 4b and therefore to the mass of the rail vehicle 2. After proper
calibration it is possible to measure the mass of the rail vehicle 2 reliably. The measurements
can be conducted contactless and the necessary sensors 7 may be installed removably, so
that measurements can be conducted more comfortably and at a lower cost. It becomes
clear easily from the given embodiments that also embodiments are possible, where
measurements of the magnetic field are conducted at both the rail 3a itself and at an element
of its supporting structure, for example a beam 4a, 4b, a sleeper or a scaffold,
simultaneously.

The features described in the above description, claims and figures can be relevant to the

invention in any combination.
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CLAIMS:

1. A transport rail system for detecting a weight of a rail vehicle, the transport rail system
comprising:

one or more rails; and

one or more sensors for measuring a magnetic property,

wherein at least one of the sensors is adapted to measure a change of a magnetic
property in order to determine a weight bearing on one or more of the rails, the change of the
magnetic property being caused by stress exerted on the rail and/or on a supporting structure of
the rail by said weight, and

wherein one or more of the sensors are adapted to measure the change of a magnetic
property of the rail itself and/or one or more of the sensors are adapted to measure the change

of a magnetic property of the supporting structure of the rail.

2. The transport rail system according to claim 1 comprising two or more sensors adapted

to measure the change of the magnetic property.

3. The transport rail system according to claim 1 or 2 comprising two or more sensors
adapted to measure the change of a magnetic property of the rail itself or of a supporting
structure of the rail and at least two of those sensors are mounted in a way to measure the
change of the magnetic property in different measurement directions, the measurement

directions having an angle between each other.

4. The transport rail system according to any one of claims 1 to 3, wherein one or more
SeNnsors comprise one or more measurement arrangements for measuring the magnetic
property, the measurement arrangement(s) having a surface of a coll or an integral pole core
being in direct mechanical contact with the respective element of the transport rail system

whose magnetic property to be measured changes.

5. The transport rail system according to any one of claims 1 to 4, wherein one or more
SENsors comprise one or more measurement arrangements for measuring the magnetic
property, the measurement arrangement(s) having an air gap between itself and the respective

element of the transport rail system whose magnetic property to be measured changes.
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6. The transport rail system according to any one of claims 1 to 5, wherein one or more of
the rails have a supporting structure and one or more sensors are adapted to measure the
change of a magnetic property of the supporting structure of the rail caused by stress exerted
on that rail by said weight.

/. The transport rail system according to any one of claims 1 to 5, wherein one or more of
the rails have one or more sensors mounted to them which are adapted to measure the change

of a magnetic field property of that rail caused by stress exerted on that rail by said weight.

8. The transport rail system according to claim 7, wherein one or more sensors adapted to
measure a change of a magnetic property caused by stress exerted on the rail Is arranged on
the rail in an intermediate position between two supporting points of a supporting structure of

the rail.

9. The transport rail system according to any one of claims 1 to 8, wherein the physical
effect underlying the change of the magnetic property to be measured by the sensors is the

inverse magnetostrictive effect.

10. The transport rail system according to any one of claims 1 to 9, wherein the transport rail

system has two or more rails arranged in parallel to each other.

11. The transport rail system according to any one of claims 1 to 9, wherein the transport rall

system is a monorail system.

12. The transport rail system according to any one of claims 1 to 11, wherein the element of

the transport rail system whose magnetic property changes due to the applied stress comprises

ferromagnetic steel.

13. The transport rail system according to any one of claims 1 to 12, wherein at least one ralil

of the transport rail system is permanently magnetized.

14. The transport rail system according to any one of claims 1 to 13, wherein one or more

sensors for measuring a magnetic property of the transport rail system are removably mounted

to the transport rail system.
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