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ABSTRACT

The invention describes a device (1) for measuring the vertical and/or
transverse movement of a contact wire (202) of an overhead line (200), which
comprises two emitters/receivers (2a, 2b) and a reflective plate (3) that are
directed towards each other such that a light beam emitted by each emitter of the
emitter/receiver (2a, 2b) is reflected on the reflective plate (3) and retumns to the
receiver of the emitter/receiver (2a, 2b). The emitters/receivers (2a, 2b) are
mechanically fixed either to a fixed support (300) or to the contact wire (202) of
the overhead line (200) of which the movement is to be measured, and the
reflective plate (3) is mechanically fixed to the other of either the fixed support
(300) or the contact wire (202). An analysis of the light beams received by the
receivers (2a, 2b) after being reflected on the reflective plate (3) allows the
vertical and/or transverse movement to be obtained.
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DEVICE FOR MEASURING THE MOVEMENT OF A CONTACT WIRE OF AN
OVERHEAD LINE WHEN A PANTOGRAPH PASSES

OBJECT OF THE INVENTION

The present invention belongs to the field of measurement instruments
used in the railway sector.

The object of the present invention relates to an instrument which allows
the contactless measurement of the vertical and/or transverse movement of the
contact wire of an overhead line when the pantograph of a train passes.

BACKGROUND OF THE INVENTION

The aerial contact or overhead line system is used today for power
distribution on railway lines. The connection between an overhead line and a
vehicle is made through a pantograph, which must ensure uninterrupted sliding
contact with the wire of the overhead line at high speeds.

By way of example, Figure 1 shows a perspective view of an overhead line
segment of a railway line. The overhead line (200) is fixed to a pair of posts (300)
and comprises three basic elements: a support wire (201), a contact wire (202),
and droppers (203). The support wire (201) performs the function of reducing as
much as possible the height variations of the contact wire (202) with respect to
the tracks (400). To that end, it runs at a height that is greater than that of the
contact wire (202) and is connected thereto by means of a series of droppers
(203) of different lengths. This system facilitates obtaining a contact wire (202)
with a much more uniform height than that which can be achieved by simply
tensioning the wire mechanically.

It should be noted that overhead lines which may lack a support wire and
droppers are used in other fields such as, for example, in tramway networks.

In any case, continuing with the preceding example of a railway overhead
line (200), the overhead line (200) deforms and oscillates under the dynamic
actions caused by the pantograph (100). Figures 2 and 3 schematically show how
the pantograph (100) exerts a certain upward pressure on the contact wire (202).
As a result, the part of the contact wire (202) touching the pantograph (100)
moves upward, with the corresponding dropper (203) being left under tension.

Sometimes, due to its inertia, the pantograph is unable to instantaneously
follow the movement of the overhead line, causing contact discontinuities that
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lead to the appearance of electric arcs. This does not only imply a discontinuity
in the power supply to the electric motors that drive the train, but also the
premature wear of the pantograph and the overhead line.

This problem makes it necessary to measure the vertical movement of the
contact wire of the overhead line when the pantograph passes. A measuring
device of this type must comply with many restrictions, including respecting the
kinematic gauge through which the train moves and also those related to the
electrical voltage of the overhead line, known as the electrical gauge.

A device for measuring the vertical displacement of the contact wire of the
overhead line based on an artificial vision camera that captures the movement of
the overhead line and determines the movement through advanced image
analysis techniques is known today. This system is excessively rigid and
vulnerable to weather effects, in addition to having a very high cost.

A system based on the arrangement of a vertically-arranged linear
potentiometer mechanically connected to the contact wire, such that the elevation
of said contact wire causes a variation in the potentiometer, is also known. This
system is very inaccurate and excessively invasive.

Another known device is based on the application of optical fibres with
Bragg gratings. This system is also very invasive and expensive.

In short, there is a need for new and improved movement measuring
devices in this field of the art.

DESCRIPTION OF THE INVENTION

The present invention describes an improved device for measuring the
movement of the contact wire which occurs when a pantograph passes that
solves the preceding problems. The device is based on the optical analysis of a
beam that travels back and forth between a fixed point and the contact wire of the
overhead line, which allows determining the vertical movement of the contact
wire. Moreover, itis possible to use additional techniques for determining not only
the vertical movement of the contact wire, but also the transverse movement.

The device of the invention essentially comprises an emitter/receiver and
a reflective plate that are directed towards each other, such that a light beam
emitted by the emitter is reflected on the reflective plate and returns to the
receiver. The emitter/receiver is mechanically fixed either to a fixed support or to
the contact wire of the overhead line of which the movement is to be measured.
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In turn, the reflective plate is mechanically fixed to the other of either the fixed
support or the contact wire of the overhead line of which the movement is to be
measured. Therefore, an analysis of the light beam emitted by the emitter and
received by the receiver after being reflected on the reflective plate allows
obtaining the vertical and/or transverse movement of the contact wire which
occurs when the pantograph passes.

In principle, the emitter/receiver and the reflective plate can be in any
position provided that one of them is fixed to a fixed point and the other is fixed
to the contact wire. The main concept is that the distance travelled by the beam,
and/or the point to which said beam returns in the emitter/receiver, changes
depending on the vertical movement of said contact wire. Therefore, a relatively
simple analysis based on geometric considerations relative to the distance
travelled by the light beam, calculated by means of the time-of-flight thereof, or
based on changes in the reflected intensity, allows deducing the vertical and/or
transverse distance that the contact wire has moved.

This configuration is advantageous because it prevents drawbacks relating
to the use of devices requiring mechanical contact with the contact wire such as
the linear potentiometers used in the prior art. Furthermore, the geometric
analysis performed is less complex compared to the image analysis techniques
used in the artificial vision camera-based systems of the prior art, as well as less
sensitive to meteorological variables.

According to a particularly preferred embodiment of the invention, the
emitter/receiver is fixed to the fixed support and the reflective plate is fixed to the
contact wire of the overhead line.

This configuration is particularly advantageous because it prevents the
need for wired electrical connections to the element fixed to the contact wire. The
only wired connections of the device are connected to the emitter/receiver and
can be readily channelled through the fixed support. For example, a post of the
type conventionally used for supporting the overhead line can be used simply as
a fixed support. Moreover, the only element fixed to the contact wire is the
reflective plate which requires no connections and hardly any maintenance.

According to an even more preferred embodiment of the invention, the
emitter/receiver is fixed to the fixed support in a position located above the
contact wire and the reflective plate is fixed to an upper side of the contact wire
of the overhead line. In other words, the light beam emitted by the emitter/receiver
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is essentially vertical, or as will be described below with respect to a more
particularly preferred embodiment, it has a small inclination with respect to the
vertical. Therefore, the reflective plate in this configuration is fixed on the contact
wire in a position essentially parallel to a horizontal plane, or only with a small
inclination with respect to the horizontal plane. This allows determining the
distance between the sensor and the reflective plate to obtain the vertical
movement of the contact wire which occurs when the pantograph passes.

This configuration is particularly advantageous because the loads exerted
by wind on the reflective plate are much lower than in other configurations in
which the reflective plate has a greater inclination with respect to the horizontal
oris contained in a vertical plane. A lower wind load reduces the lateral movement
of the contact wire.

Two particularly preferred vertical and horizontal configurations
respectively are described below. Each of them includes two versions, one in
which only the vertical movement is measured and another in which the
transverse movement is also measured.

1. Vertical configuration
1.a Measurement of vertical movement

In this preferred embodiment of the invention, the emitter/receiver is a
time-of-flight sensor or reflectometer that emits a light beam which is contained
in a plane perpendicular to the contact wire and vertically directed downwards
towards the reflective plate. This allows determining the distance between the
emitter/receiver and the reflective plate so as to directly obtain the vertical
movement of the contact wire which occurs when the pantograph passes. Even
more preferably, in this particular case the reflective plate is a flat plate fixed
according to a horizontal plane to the contact wire.

This configuration is particularly advantageous because it facilitates the
calculation of the vertical movement of the contact wire, which is obtained almost
directly from the calculation of the distance travelled by the light beam, in addition
to the fact that the assembly is much simpler than in the preceding case.

1.b Measurement of vertical and transverse movements
In a preferred embodiment of the invention which is an alternative to the
foregoing, the device comprises two emitters/receivers made up of two time-of-
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flight sensors or precision reflectometers that emit light beams which are
contained in a plane perpendicular to the contact wire and directed with an
inclination with respect to the vertical towards two portions of the reflective plate
respectively facing each of said emitters/receivers. Therefore, the light beams
emitted by the emitters/receivers cross one another on their way back and forth
between each emitter/receiver and the corresponding portion of the reflective
plate. This arrangement allows determining the distances between each
emitter/receiver and the corresponding portion of the reflective plate, thereby
obtaining both the vertical movement and the transverse movement of the contact
wire which occur when the pantograph passes. Preferably, in this case the
reflective plate is formed by the two portions which are in the form of essentially
rectangular flat plates inclined with respect to one another and connected by an
edge fixed in parallel to the contact wire.

This configuration is particularly advantageous because it allows
determining not only the vertical movement, but also the transverse movement of
the contact wire, in a relatively simple manner.

2. Horizontal configuration
2.a Measurement of vertical movement

In this preferred embodiment of the invention, the device comprises a first
emitter/receiver made up of a time-of-flight sensor or reflectometer fixed to the
fixed support in a position facing the reflective plate. In turn, the reflective plate is
fixed to an upper side of the contact wire of the overhead line and contained in a
vertical plane passing through said contact wire. The first emitter/receiver is
located facing the reflective plate, in other words, on one side of the contact wire,
such that its light beam strikes an upper edge of said reflective plate
perpendicularly, such that only a portion of the light beam of the second
emitter/receiver is reflected by the reflective plate when there is no movement of
the contact wire. With this arrangement, the vertical movement of the contact wire
is determined depending on a change in the amount reflected by the reflective
plate of the light beam emitted by the second emitter/receiver.

This configuration may be advantageous due to a greater ease of
installation, since the emitters/receivers are installed in a position on one side of
the contact wire, which is more accessible than in the two preceding
configurations.
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2.b Measurement of vertical and transverse movements

In this preferred embodiment, the device comprises a second
emitter/receiver made up of a time-of-flight sensor or reflectometer which are
fixed to the fixed support. The second emitter/receiver is located facing the
reflective plate, in other words, also on one side of the contact wire, at a lower
height than the first emitter/receiver, such that its light beam strikes a central
portion of said reflective plate perpendicularly. in that sense, the distance
between the first emitter/receiver and the reflective plate can be determined to
obtain the transverse movement of the contact wire which occurs when the
pantograph passes.

This configuration is particularly advantageous because it allows
determining not only the vertical movement, but also the transverse movement of
the contact wire, in a relatively simple manner.

In any case, regardless of the type of configuration, when a time-of-flight
sensor is used, it can be of any type provided that it is configured to emit pulsed
infrared light.

According to another more preferred embodiment, the device of the
invention further comprises a shield arranged above the emitter/receiver in order
to protect it. For example, the emitter/receiver can be fixed to a lower surface of
the shield.

This configuration is advantageous because the overhead light of the sun
may cause disturbances in the values of the light beam received by the
emitter/receiver, negatively affecting the precision of the movement
measurement or even, in the worst case, completely preventing the performance
of measurements.

Lastly, it should be indicated that the movement measurement
mechanisms described in the horizontal and vertical configurations are
interchangeable. In other words, the configuration of the device in its vertical
configuration, with a reflective plate formed by two essentially V-shaped portions
and with two emitters/receivers that emit light beams that cross one another, may
also be arranged in the horizontal configuration. Similarly, the configuration of the
device in its horizontal configuration, in other words, with a reflective flat plate
and two emitters/receivers located in different positions, such that one of them
serves to measure the distance between the emitter/receiver and the reflective

Date regue/Date Received 2024-01-19



10

15

20

25

30

35

CA 03227113 2024-01-19

plate, and the other determines the movement of the reflective plate in a plane
transverse to the direction of the emitted light based on changes in the amount
of reflected light due to part of it no longer being reflected by said reflective plate,
may also be arranged in a vertical configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a perspective view of an overhead line segment according
to the prior art.

Figure 2 shows a schematic side view of the contact area between the
pantograph and the overhead line.

Figure 3 shows a detailed schematic side view of the contact area between
the pantograph and the overhead line.

Figure 4 shows a schematic perspective view of a first embodiment of the
device of the present invention.

Figure 5 shows a more detailed view of the first embodiment of the device
of the present invention.

Figures 6a-6¢c show three views of the reflective plate of the first
embodiment of the device of the present invention.

Figure 7 schematically shows the paths of the light beams emitted by the
emitters of the first embodiment of the device of the present invention.

Figure 8 shows in greater detail the lower triangle formed by the light
beams emitted by the emitters of the first embodiment of the device of the present
invention.

Figure 9 graphically shows how geometric changes occur in the preceding
triangles when the contact wire moves.

Figure 10 shows a schematic perspective view of a second embodiment
of the device of the present invention.

Figure 11 shows a more detailed view of the configuration of the second
embodiment of the device of the present invention.

Figures 12a and 12b show respective views of the reflective plate of the
second embodiment of the present invention in a standby position and in a
vertically moved position, respectively.

PREFERRED EMBODIMENT OF THE INVENTION
Several examples of the devices according to the present invention are
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described below in reference to the figures.

First embodiment: vertical configuration

The first embodiment is based on the use of one or more
emitters/receivers, for example time-of-flight sensors, reflectometry sensors or,
in any case, any type of sensor capable of emitting a light beam and of receiving
it after reflection, for determining the distance between the emitter/receiver itself
and the body on which the light beam has been reflected. These
emitters/receivers are arranged at a greater height than the contact wire and a
reflective plate fixed to the contact wire, such that the light beam or beams emitted
downwards are reflected on the reflective plate and return to the emitter/receiver.
Depending on the specific configuration, this arrangement allows obtaining only
the vertical movement, when only a single emitter/receiver is used, or the vertical
and transverse movements, when two emitters/receivers are used.

Figure 4 shows a perspective view of a configuration of a device (1) which
comprises two emitters/receivers (2a, 2b), and which therefore allows
determining both the vertical movement and the transverse movement of the
contact wire (202) of the overhead line (200).

More specifically, as can be seen in Figure 4, the overhead line (100) is
formed by a support wire (201) connected to the contact wire (202) through
droppers (203). The pantograph (100), fixed to the train, moves along the
overhead line (200) making contact with the lower part of the contact wire (202),
thereby causing the movement thereof in the vertical and/or transverse direction.

The device (1) of this first embodiment comprises two emitters/receivers
(2a, 2b) fixed to a fixed support (300), which are not show in the figures, above
the contact wire (202) of the overhead line (200). In particular, the two
emitters/receivers (2a, 2b) are essentially fixed vertically above the contact wire
(202), each of them being located slightly the same distance towards opposite
sides of the vertical plane of the contact wire (202). Each of the emitters/receivers
(2a, 2b) is configured to emit a light beam contained in a plane perpendicular to
the contact wire (202) such that it passes through the vertical plane of the contact
wire (202) until reaching a point located at a small lateral distance from the
contact wire (202) itself on an opposite side of the vertical plane of the contact
wire (202) with respect to that in which the emitter/receiver (2a, 2b) in question is
located. This arrangement can be seen in greater detail in Figure 5, which shows
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a view contained in a plane perpendicular to the contact wire (202).

The device (1) also comprises a reflective plate (3) fixed to an upper side
of the contact wire (202). In this specific example in which two emitters/receivers
(2a, 2b) are used, the reflective plate (3) is formed by two rectangular-shaped,
non-coplanar, flat portions (3a, 3b) connected through one of the sides thereof,
thereby forming an edge which is parallel to the contact wire (202). The reflective
plate (3) can be fixed to the contact wire (202) by any way known in the art, for
example by means of a clamp. Each of the portions (3a, 3b) of the reflective plate
(3) therefore protrudes laterally from the contact wire (202) and has an inclination
the normal of which is parallel to the direction of the light beam emitted by a
respective emitter/receiver (2a, 2b). The configuration of the reflective plate (3) is
shown in detail in Figures 6a-6c¢.

In that sense, when the emitter/receiver (2a) emits a light beam, this light
beam is reflected on the portion (3a) of the reflective plate (3) and returns to the
same emitter/receiver (2a). Similarly, when the emitter/receiver (2b) emits a light
beam, this light beam is reflected on the portion (3b) of the reflective plate (3) and
returns to the same emitter/receiver (2b). A suitable analysis of the distance
travelled by each of the light beams on its way back and forth between the
respective emitter/receiver (2a, 2b) and the respective portion (3a, 3b) of the
reflective plate (3) allows determining the transverse and vertical movements of
the contact wire (202), as described in greater detail below.

In fact, Figure 7 schematically shows the geometric configuration of the
device (1) in a plane perpendicular to the contact wire (202). In this figure:

* S1 and S2 are the focal points of the two emitters/receivers (2a, 2b).

* ¢ is the angle that they both form with respect to the plane of assembly
thereof which, in this configuration, is chosen such that they are both the same.
* E and E' are the ends of the respective portions (3a, 3b) of the reflective plate
(3).

* B is the line connecting the two portions (3a, 3b) of the reflective plate (3),
through which it is connected to the clamp which secures said reflective plate
(3) to the contact wire (202).

* A is the crossing point of the light beams emitted by the emitters/receivers
(2a, 2b), in this particular example laser beams.

* C and D are the variable incidence points of the laser beams in each of the
planes of the reflective plate (3).
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* ¢ is the angle of separation of the two portions (3a, 3b) of the reflective plate
(3), adjusted such that the laser beams strikes C and D perpendicularly.

The objective is to establish the movement of point B, plus a vertical
increment introduced by the clamp and the contact wire (202), in the vertical and
horizontal axes with respect to the plane of assembly of the emitters/receivers
(2a, 2b) with focal points S1 and S2.

To characterize the geometry of the measurement assembly, the
quadrilateral ABCD shown in Figure 8 is taken into account. This quadrilateral
can be broken down into two triangles: ACD and BCD.

Angles ACB and ADB are right angles by construction. Angle CAD is also
known by construction, and it is the angle of incidence of the laser beams emitted
by the emitters/receivers (2a, 2b). For brevity, it will be referred to as 6=CAD.

Angle CBD is also known by construction; it is the angle at which the two
portions (3a, 3b) of the reflective plate (3) are located with respect to one another.
Since the sum of the angles of a quadrilateral is 211 radians, it is trivial to see that
CBD = 1-6.

Distances AD and AC will be known by the measurements of the
emitters/receivers (2a, 2b), and will be referred to as m+1 and mz respectively.

Therefore, it would be necessary to solve the triangle ACD. Using the
theorem of cosines, it is possible to obtain the unknown side CD:

« 5 5
CD% sy bt~ Sy

With respect to the angles, neither ACD nor CDA is known. By using the
theorem of sines:

By resolving the sine of ACD:

nEEH = S gin g
sin SO = wogin
) 3

Equivalently:
sinEDA = hxin g
R &S
Given that angles ACB and BDA are right angles, there are obtained, as a
result of complementarity of angles, ACD+BCD=§ and ADC + BDC=§. Therefore:
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BER = T ACE

By applying the theorem of sine again, this time on the triangle BCD:
sin€BH _ sinECH
tn RBD

By substituting the value of BCD:

e N e -
snlED sy - S0R eos 0B
5 o 8 BD

The following is obtained by resolving:
Lus :‘%{?ﬁ

Since the value of the sine of ACD is known, the Pythagorean identity is
applied and substituted to obtain:

BE = LR

H 5
— P —— ¢ my
cosdCD =1 —sinP ACD = |1 ———sin? @
10 < £hs

Therefore,

o B 1 my 1g
= e 1 e e sint
SRR LR S &

by substituting the expression of CD and bearing in mind that CBD = 17-6:

; I N ] ; ms sin® 8
D=———" imy+ms —2Inymoosd {1 —— R -
sing — &4 = N mptmg - Zmym, cos P

15 As a result of the periodicity of the sine, and by performing operation with
the radicals:

P - § ¥ X % ¢ . \:‘i olyed &
BRI = ——— hm{ +m: — 3oy cosd —owmysint 8
BHEY

and by applying again the Pythagorean identity on the squared sine,
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g

BD=— sind %@

#is — 2ry My co5 8 + my cost B

Simplification can be performed by applying the Newton's binomial:
Wiy - g v0s B

_g I

rin§

The following is obtained for the adjacent side BC using a similar process:
. Mg —EosE
T T ame

Taking all of the above into account, it is possible to calculate the
movement of the contact wire (202) shown in Figure 9. Figure 9 shows a typical
movement of the reflective plate (3) when a pantograph (100) passes with two
positions of the portions (3a, 3b): EE’ and EocEo¢’. The merit factor to be measured
is movement BoB, and more precisely its decomposition in the horizontal and
vertical axes of the assembly: Ad and Ah.

To calculate said decomposition, a sequence of triangles with respect to
the horizontal and vertical axes passing through Bo and b is considered in each
case.

To calculate Ah, the following sum is considered (the sign criterion used is
positive upwards):

* the height from Co of the right-angled triangle formed by the horizontal axis
passing through Bo, with hypotenuse Boco,

* the height from C of the right-angled triangle formed by the horizontal axis
passing through Co and hypotenuse CoC (which, as it is part of the
emitter/receiver measurement, will be referred to as Ad», just as it will be
referred to as Ad+ to DoD) and

* in negative value, the height from C of the right-angled triangle formed by the
horizontal axis passing through C and having BC as hypotenuse.

The angles of the hypotenuses with respect to the mentioned heights are,
by construction, 6/2.

- .8 @
&t = Byl siny + 8d vos — BC st

2

B

o

2

Boco and BC are calculated from the expression already obtained
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L Wy - mpoos#
E{x g m;.imm“““;m“““““m

sin§

Substituting in the case of Boco the values of m+ and mz with m++Ad; and
mz+Ad>, respectively:

ayy A by o (it b Al oos @

Bofiw ==
Paton

sind

The following is obtained by performing operation and simplification:

' 8
3 a‘xﬁ e %f‘?“ < R ¥ "%.;l e & 3. "-a'm'f.v.w
{8y - Ay OB ) sen b Qdy Cus
& &

&ft = w
In the same manner, it would be possible to choose to travel an alternative
path of triangle heights, adding:
* the height from Do of the right-angled triangle formed by the horizontal axis
passing through Bo with hypotenuse Bodo,
* the height from D of the right-angled triangle formed by the horizontal axis
passing through Do and hypotenuse DoD (which will be referred to as Ad+) and
* in negative value, the height from D of the right-angled triangle formed by the
horizontal axis passing through D and having BD as hypotenuse.

There is obtained using a similar method:

1 _ N g g
At Uy ~ Sy cos B aney a6 oony

and it can be verified that there are real values of Ad1, Ad2 and 6 that satisfy
the corresponding equality.
To calculate Ad, two paths can also be followed (the sign criterion will be
positive towards the right):
* to the right along the leg from Bo along the horizontal axis passing through
said point, of the right-angled triangle with hypotenuse Bodo,
* to the left along the leg from Do along the horizontal axis passing through said
point, of the right-angled triangle with hypotenuse DoD, and
* to the left along the leg from B along the corresponding horizontal axis, of the
right-angled triangle with hypotenuse BD.
By using this path,
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P

8
Ad = By cos s — &ady sin§ — 8hcos

o

and performing substitution, operation, and simplification in a similar

manner:
, 1, . . & 8
ad = 3 {Ady — Ad; cos8} eseg — Ady sinz
5 The other option, with identical sign criterion, is:

* to the left along the leg from Bo along the horizontal axis passing through said
point, of the right-angled triangle with hypotenuse Boco,
* to the right along the leg from Co along the horizontal axis passing through
said point, of the right-angled triangle with hypotenuse CoC, and
10 * to the right along the leg from B along the corresponding horizontal axis, of
the right-angled triangle with hypotenuse BC.
In this case, the following is obtained:

Sl = By ves ﬁ + Ads zin § + B eags

23

and by performing substitution, operation, and simplification:

Ad = {Ady coef — &djosn g + 4d; Sy
& & &

15
It is also verified that there are real values of Ad+, Ad> and 6 that satisfy
the corresponding equality.
The actual distances measured by the emitters/receivers (2a, 2b) with the
system at rest are:
20 d; =5 A+ AP+ 50 d s Hd 80 2 60

and they will be, with any measured elevation

It can be seen that Ah and Ad only depend on the difference in absolute
value of the value measured at rest with respect to the value at any active instant.
25 Moreover, in the assembly, the internal angle of the sensors is ¢. 8 can be
established as a function of ¢, taking into account this elementary identity of the
triangle S1ACE2: 20+6= 1. Therefore: 8= 7-20
The expressions of Ah and Ad are:
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Al = %{&di — Ad, cos{w — Za}iesr (g - at} +Ads ros {g — {I}

By applying trigonometric identities,
i PP .. ) L E
&d = Egm‘i_ — Ad; cos{m — 2o} ese {E - z:r} — &l sin {E - a}

which, with similar simplifications, is:

A s oo {&dy + &y vos e} secy — Adp tosw
Second embodiment: horizontal configuration

In this second embodiment, as can be seen in Figure 10, the reflective
plate (3) is fixed to the contact wire (202) contained in a plane perpendicular to
the horizontal and in the direction of the contact wire (202), and the pair of
emitters/receivers (2a, 2b) is located facing the reflective plate (3) essentially
perpendicular to said vertical plane. In other words, the pair of emitters/receivers
(2a, 2b) is located on one side of the contact wire (202). Furthermore, the
reflective plate (3) of this second embodiment is a flat plate. Therefore, the light
beams emitted by the emitters/receivers (2a, 2b) perpendicular to the vertical
plane of the contact wire (202), in other words, in a horizontal direction
perpendicular to a vertical plane containing the contact wire (202), is reflected on
the reflective plate (3) and returns to the emitters/receivers (2) themselves.

More specifically, as can be seen in Figure 11, a first emitter/receiver (2a)
is located at a height such that only a portion of the emitted light beam strikes the
reflective plate (3) when it is in its rest position or non-vertically moved position
when the pantograph of the train is not passing. Specifically, the light beam
emitted by this first emitter (2a) strikes an area of the upper edge of the reflective
plate, as shown in Figure 12a. In that sense, when the reflective plate (3) moves
vertically upwards, the surface of the light beam striking the reflective plate (3)
increases, as can be seen in Figure 12b, and therefore the intensity of the
reflected light which returns to the first emitter/receiver (2a) itself also increases.
This change in the light received by the first emitter/receiver (2a) allows
determining the distance of vertical movement of the contact wire (202).

Moreover, the second emitter/receiver (2b) is located at a height such that
all the emitted light beam strikes the reflective plate (3) regardless of the distance
of vertical movement thereof. Therefore, all the light beam emitted by this second
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emitter/receiver (2b) returns to same, and it is possible to easily determine the
distance between the reflective plate (3) and the emitter/receiver (2b), which
corresponds to the transverse movement of the contact wire (202).
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CLAIMS

1. A measuring device (1) for measuring the movement of a contact wire
(202) of an overhead line (200) when a pantograph (100) passes, characterized
in that it comprises an emitter/receiver (2) and a reflective plate (3) that are
directed towards each other such that a light beam emitted by the emitter of the
emitter/receiver (2) is reflected on the reflective plate (3) and retumns to the
receiver of said emitter/receiver (2),

wherein the emitter/receiver (2) is mechanically fixed either to a fixed
support (300) or to the contact wire (202) of the overhead line (200) of which the
movement is to be measured; and

wherein the reflective plate (3) is mechanically fixed to the other of either
the fixed support (300) or the contact wire (202) of the overhead line (200) of
which the movement is to be measured,

such that an analysis of the light beam emitted by the emitter of the
emitter/receiver (2) and received by the receiver of the emitter/receiver (2) after
being reflected on the reflective plate (3) allows obtaining the vertical and/or
transverse movement of the contact wire (202) which occurs as the pantograph
(100) passes.

2. The measuring device (1) according to claim 1, wherein the
emitter/receiver (2) is fixed to the fixed support (300) and the reflective plate (3)
is fixed to the contact wire (202) of the overhead line (200).

3. The measuring device (1) according to claim 2, wherein the
emitter/receiver (2) is fixed to the fixed support (300) in a position located above
the contact wire (202) and the reflective plate (3) is fixed to an upper side of the
contact wire (202) of the overhead line (200).

4. The measuring device (1) according to claim 3, comprising an
emitter/receiver (2) made up of a time-of-flight sensor or reflectometer that emits
a light beam which is contained in a plane perpendicular to the contact wire (202)
and directed vertically downwards towards the reflective plate (3), determining
the distance between the emitter/receiver (2) and the reflective plate (3) in order
to obtain vertical movement of the contact wire (202) which occurs when the
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pantograph (100) passes.

5. The measuring device (1) according to claim 4, wherein the reflective plate
(3) is a flat plate fixed according to a horizontal plane to the contact wire (202).

6. The measuring device (1) according to claim 3, comprising two
emitters/receivers (2a, 2b) made up of two time-of-flight sensors or reflectometers
that emit light beams which are contained in a plane perpendicular to the contact
wire (202) and oriented with an inclination with respect to the vertical towards two
portions (3a, 3b) of the reflective plate (3) respectively facing each of said
emitters/receivers (2a, 2b), such that the light beams emitted by the
emitters/receivers (2a, 2b) cross one another on their way back and forth between
each emitter/receiver (2a, 2b) and the corresponding portion (3a, 3b) of the
reflective plate (3), determining the distances between each emitter/receiver (2a,
2b) and each portion (3a, 3b) of the reflective plate (3) to obtain both the vertical
movement and the transverse movement of the contact wire (202) that occurs
when the pantograph (100) passes.

7. The measuring device (1) according to claim 6, wherein the two portions
(3a, 3b) of the reflective plate (3) are in the form of essentially rectangular flat
plates inclined with respect to one another and connected by an edge fixed
parallel to the contact wire (202).

8. The measuring device (1) according to claim 2, comprising a first
emitter/receiver (2a) made up of a time-of-flight sensor or reflectometer fixed to
the fixed support (300), and wherein the reflective plate (3) is fixed to an upper
side of the contact wire (202) of the overhead line (200) and contained in a vertical
plane that passes through said contact wire (202), the first emitter/receiver (2a)
being located in a position facing the reflective plate (3) such that its light beam
strikes an upper edge of said reflective plate (3) perpendicularly, such that only a
portion of the light beam from the first emitter/receiver (2a) is reflected by the
reflective plate (3) when there is no movement of the contact wire (202), with the
vertical movement of the contact wire (202) being determined depending on a
change in the amount of light reflected by the reflective plate (3) from the light
beam emitted by the first emitter/receiver (2a).
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9. The measuring device (1) according to claim 8, further comprising a
second emitter/receiver (2b) made up of a time-of-flight sensor or reflectometer
fixed to the fixed support (300), the second emitter/receiver (2b) being located
facing the reflective plate (3) at a lower height than the first emitter/receiver (2a),
such that its light beam strikes a central portion of said plate reflector (3)
perpendicularly, with the distance between the second emitter/receiver (2a) and
the reflective plate (3) being determined to obtain the transverse movement of
the contact wire (202) that occurs when the pantograph (100) passes.

10. The measuring device (1) according to any of claims 4-9, wherein the time-
of-flight sensor (2) is configured to emit pulsed infrared light.

11. The measuring device (1) according to any of the preceding claims, further
comprising a shield (4) arranged above the emitter/receiver (2) to protect it (3)
from overhead light.

12. The measuring device (1) according to claim 11, wherein the
emitter/receiver (2) is fixed to a lower surface of the shield (4).
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FIG. 1
PRIOR ART

FIG. 2
PRIOR ART

FIG. 3
PRIOR ART
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