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Description

The invention relates to a control system and a method for controlling a
contact pressing force of a collector shoe of a current collector of a rail-
way vehicle, the collector shoe disposed on a positioning device of
the current collector being brought into contact with a contact line
by means of said positioning device of the current collector using the
contact pressing force, a travelling speed of the railway vehicle being
determined by means of a travelling speed measuring means of a
measuring device of a control system of the railway vehicle, the con-
tact pressing force being controlled as a function of the travelling
speed by means of a control device of the control system, a true wind
speed (vWRr) being determined relative to the railway vehicle by
means of a wind measuring means of the measuring device, the con-
tact pressing force (Fa) being controlled by means of the control de-
vice taking into account the true wind speed (vWRr), and wherein a to-
tal wind speed (vWges) is measured at the positioning device by
means of the wind measuring means, the travelling speed (vF) corre-
sponding to a relative wind speed (vW¥), the true wind speed (vWg)
being determined as the difference of the total wind speed (vW ges)

and the travelling speed (vF) or the relative wind speed (vWgE).

Such control systems and methods are sufficiently known and are
used in railway vehicles having current collectors, in particular
trains or the like. Current collectors are typically disposed on a roof
of a railway vehicle and comprise a movable positioning device which
can be designed as a rocker, a pantograph or a single-arm system.
One or more collector shoes are disposed at an upper end of the posi-
tioning device, the collector shoes being essentially made of graphite.
The positioning device is moved by means of a pneumatic or electric

drive, in particular with trains, mainly pneumatic drives being used.
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By means of the pneumatic drive, which can have one or more actua-
tors, the collector shoe is pressed against a contact line or a contact
wire above the railway vehicle using a contact pressing force. A con-
tact pressing force has to be so high that the collector shoe is not sepa-
rated or lifted off while the railway vehicle is in motion because this can
lead to an undesirable sparkover between the contact line and the collec-
tor shoe which, in turn, promotes a rapid wear of the collector shoe or
can result in an interruption of travel. Therefore, the contact pressing
force of the collector shoe acting on the contact line is always controlled
as a function of a travelling speed of the railway vehicle. In this context,
the contact pressing force is understood to be a force which acts orthog-
onally to the longitudinal dimension of the contact line and which is ex-

erted on the contact line by the collector shoe.

Railway vehicles, furthermore, also have a travelling speed measur-
ing means for measuring a travelling speed of the railway vehicle.
This travelling speed is used to control the contact pressing force by
means of a control device of a control system of the railway vehicle.
If the railway vehicle has a pneumatic drive of the positioning device,
a pressure of an actuator acting on the positioning device, and with it
a contact pressing force of the collector shoe acting on the contact
line, can be controlled as a function of the travelling speed by means
of a so-called proportional pressure regulator in such a manner that
the contact pressing force is increased as the travelling speed in-
creases. This prevents an undesirable detachment of the collector
shoe from the contactline, even at high speeds. High speeds are un-

derstood to be travelling speeds of > 100 km /h.

However, it is disadvantageous in the known method that, as the
travelling speed of the railway vehicle increases, a relative wind acts
on the current collector or the collector shoe with a relative wind

speed corresponding to the travelling speed and presses the collector
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shoe, due to aerodynamic effects, against the contact line. l.e. a con-
tact pressing force is increased by a relative wind speed force compo-
nent as the relative wind speed increases. The higher the contact
pressing force of the collector shoe acting on the contact line, the
higher, however, is also an abrasion of the collector shoe made of
graphite and, thus, its wear. A wear of the collector shoe is increased
even more substantially when a railway vehicle or a train travels
through a tunnel at high speed. Newer tunnels can be many kilome-
ters long and have a single tunnel tube for only one rail. If a train
travels through such a tunnel tube at high speed, air in front of the
train is compressed and flows along the train at an increased speed.
A wind speed can be increased to such an extent that a total wind
speed which is increased by up to 50 % occurs at a constant travel-
ling speed in the tunnel. Collector shoes of trains which travel
through long tunnels are, therefore, also subjected to an increased

wear.

From EP 2 644 433 A2 a current collector on a vehicle is known by
means of which a collector shoe is brought into contact with a con-
tact line. A contact pressing force of the collector shoe acting on the
contact line is, in particular, to be controlled by means of a control
unit and sensors. So-called sensor means can comprise a speed sen-
sor for measuring a travelling speed, a wind sensor for measuring a
wind speed and other sensors. By means of the sensor for measuring
the wind speed, a crosswind and a headwind are to be measured be-

cause a position of the contact line can be influenced thereby.

From DE 196 43 284 A1l is also known a current collector or a method
for controlling a contact pressing force, the current collector having
a control by means of which a fluctuation of the contact pressing
force is to be reduced. For this purpose, a piezoelectronic sensor or
an acceleration sensor is provided at the contact strip by means of

which the fluctuation of the contact pressing force is to be detected.
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DE 10 2013 201 494 A1l relates to a system for diagnosing an operat-
ing state of a railway vehicle, wherein measured values of railway ve-
hicles may be brought together in a central control center, be pro-
cessed using data technology and be stored. Inter alia, also measured
values related to the weather can be recorded by a railway vehicle.
DE1084960 relates to a means for measuring absolute velocities. The
invention relates to a means for measuring the magnitude and the di-
rection of the true velocity of a watercraft or aircraft or of the com-
ponents of the true velocity parallel and perpendicular to the longi-

tudinal axis of a vehicle.

The object of the invention is therefore to propose a method for con-
trolling a contact pressing force of a collector shoe, and a control
system for a current collector which extends a service life of a collec-

tor shoe.

This object is attained by a method having the features of claim 1 and

by a control system having the features of claim 10.

In the method according to the invention for controlling a contact
pressing force (Fa) of a collector shoe of a current collector of a rail-
way vehicle, the collector shoe disposed on a positioning device of
the current collector is brought into contact with a contact line by
means of said positioning device of the current collector using the
contact pressing force (Fa), a travelling speed (vF) of the railway ve-
hicle being determined by means of a travelling speed measuring
means of a measuring device of a control system of the railway vehi-
cle, the contact pressing force (Fa) being controlled as a function of
the travelling speed (vF) by means of a control device of the control
system, a true wind speed (vWR) being determined relative to the
railway vehicle by means of a wind measuring means of the measur-
ing device, the contact pressing force (Fa) being controlled by means

of the control device taking into account the true wind speed (vWg), a
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total wind speed (vWyges) being measured at the positioning device by
means of the wind measuring means, the travelling speed (vF) corre-
sponding to a relative wind speed (vW¥), the true wind speed (vWg)
being determined as the difference of the total wind speed (vWges)

and the travelling speed (vF) or the relative wind speed (vWgE).

In the method according to the invention, the wind measuring means
is used in order to measure the real wind speed (vWR). The true wind
speed (vWR) results from the wind conditions prevailing at the loca-
tion of the railway vehicle or directly at the current collector, inde-
pendently of a relative wind speed (vWE). Since the contact pressing
force (Fa) is already controlled as a function of the travelling speed
(vF) by means of the control device, it is possible to correct the con-
tact pressing force (Fa) by additionally measuring the true wind
speed (vWR). If a railway vehicle travels, for example, through a tun-
nel, the contact pressing force (Fa) would substantially increase in an
undesirable manner due to the aerodynamic effects. This increase re-
sults from the true wind speed (vWRr) which is also substantially in-
creased in the tunnel and which is added to the relative wind speed
(vWE). The control device in this case prevents an excessive increase
of the contact pressing force (Fa) by adapting it to the true wind
speed (vWRr), whereby an increased wear of the collector shoe can be
avoided. At the same time, the contact pressing force (Fa) is always

so high that it is adapted to the travelling speed (vF) of the vehicle.

According to the invention, a total wind speed (vWges) is measured at
the positioning device by means of the wind measuring means. In this
case, for example a simple pitot tube can be used as wind measuring
means if the travelling speed (vF) or the relative wind speed (vW¥) is
already known. In this case, the wind measuring device is particu-
larly easily designable. The wind measuring means can also be dis-

posed directly at the positioning device, in particular adjacent to the
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collector shoe to determine the actual wind conditions or flow condi-
tions at the collector shoe. In this case, the contact pressing force

(Fa) can be controlled even more precisely.

In this case, the contact pressing force (Fa) can always be controlled
proportionally to the travelling speed (vF). Thus, it can be ensured
that the contact pressing force (Fa) is also increased as the travelling
speed (vF) increases and vice versa. The control system can there-
fore, for example, comprise a known proportional pressure regulator
which controls a pressure for a pneumatic actuator. Thus, the method
for controlling a contact pressing force (Fa) can also be carried out
by means of the control device by retrofitting proportional pressure

regulators.

According to the invention, the travelling speed (vF) corresponds to a
relative wind speed (vW¥), the true wind speed (vWRr) being deter-
mined as the difference of a total wind speed (vWges) and the travel-
ling speed (vF) or the relative wind speed (vWgE). In this case, the
true wind speed (vVWR) not even has to be measured directly, but it
can be calculated by the control device from measurements of other
quantities. Since the relative wind speed (vWg¥) is equal to the travel-
ling speed (vF) or their negative or inverse value is correspondingly
-vWr = vF, the relative wind speed (vWF) can simply be determined
by measuring the travelling speed (vF). The travelling speed (vF) is
regularly measured at every railway vehicle, for example at a wheel
of a railway vehicle, such that the control device can easily process
this then known quantity. Regardless of an anyway existing measure-
ment of the travelling speed (vF), the relative wind speed (vWE) can
be measured again separately by means of the wind measuring
means. A true wind speed (vWR) can then be determined particularly

easily for example by means of a Prandtl tube.
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A relative wind speed force component (Fwry) can be determined as a
function of the travelling speed (vF) or a relative wind speed (VvWE)
and/or a true wind speed force component (Fwry) can be determined
as a function of the true wind speed (vWRr) by means of the control
device. The relative wind speed (vW¥r) and the true wind speed (vWg)
act on the collector shoe in the opposite direction to the direction of
movement of the collector shoe relative to the contact line. In this
case, the true wind speed (vWRr) can also be a component of a wind
acting laterally on the railway vehicle. Due to aerodynamic effects at
the collector shoe, the relative wind speed force component (Fwry)
and/or the true wind speed force component (Fwry) which each acts
orthogonally to the contact line result(s). These quantities can be de-
termined by the control device as a function of the respective wind
speeds. Thus, it is possible that the control device adapts the contact
pressing force (Fa) as a function of the aforementioned force compo-

nents in order to reduce a wear of the collector shoe.

The contact pressing force (Fa) can be the sum of the negative true
wind speed force component (Fwry) and the travelling speed force
component (Favk), the travelling speed force component (Favk) being
able to be controlled by means of the control device. As a conse-
quence, only the force component (Favk) provided for the respective
speed of the railway vehicle and the true wind speed force compo-
nent (Fwry) can be taken into account when controlling the contact
pressing force (Fa). In this case, the relative wind speed force compo-
nent (Fwry) can be ignored. Substantially reducing a wear of the col-
lector shoe and improving a contact quality already becomes possible

only by taking into account the true wind speed (VvWR).

A service life can be extended even further if the contact pressing
force (Fa) is the sum of the relative wind speed force component
(Fwry), the negative true wind speed force component (Fwry) and the

travelling speed force component (Favk), the travelling speed force
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component (Favk) being controllable by means of the control device.
On the whole, in this case, the contact pressing force (Fa) can be
adapted to all the aerodynamic forces influencing the contact press-

ing force.

The relative wind speed force component (Fwry) and the travelling
speed force component (Favk) can be determined by means of the
control device taking into account a height of the collector shoe. A
height of the collector shoe basically depends on its wear such that a
new collector shoe typically is always higher than a collector shoe
which has already been in use for some time since, in this case, the
height has already been reduced by abrasion. However, the height of
the collector shoe also affects the aerodynamic behavior of the col-
lector shoe and, thus, in particular the contact pressing force (Fa) in-
fluenced by wind speeds. The control device can now, due to the
known height of the collector shoe, determine or calculate the rela-
tive wind speed force component (Fwry) and the travelling speed
force component (Favk). In this case, the height of the collector shoe
may be measured at regular intervals by means of a height measuring
means in order to be able to control the contact pressing force (Fa)

even more precisely.

A function of values of the true wind speed (vWRr) and values of the
true wind speed force component (Fwry) can be stored by means of a
storage means of the control device. According to this, the control de-
vice can comprise means for data processing with the storage means.
In this case, the function stored in the storage means enables an as-
signment of the true wind speed (vWR) determined by means of the
wind measuring means to a value of the true wind speed force com-
ponent (Fwry). This simplifies the control of the contact pressing

force (Fa) even further.
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Moreover, a calibration of the function can be carried out by measur-
ing the contact pressing force (Fa) and a total wind speed (vWges).
The contact pressing force (Fa) of the collector shoe acting on the
contact line can, for example, be determined by means of force sen-
sors which are disposed at or close to the collector shoe. Thus, the
actual contact pressing force can be determined as a function of the
total wind speed (vWges), in this case, the function being able to be
adapted in each case in such a manner that the control device always
sets the desired contact pressing force (Fa) which is adapted to the
travelling speed (vF). Due to the calibration, it is possible to apply
the method to any type and model of railway vehicles or current col-
lectors since, in this case, the flow conditions at the railway vehicles,

which are different in each case, can be taken into account.

A height of the collector shoe can be continuously measured by
means of a height measuring means of the measuring device, the con-
tact pressing force being controlled by means of the control device
taking into account the height. In this case, the height measuring
means can, for example, be a camera which captures the collector
shoe or a sensor which is mounted at or within the collector shoe. It
is essential that the height of the collector shoe can be measured con-
tinuously during an operation so that the contact pressing force (Fa)
can always be adapted to a height of the collector shoe, which due to
abrasion of the collector shoe constantly changes, by means of the
control device. In this case, in addition to controlling the contact
pressing force (Fa), also a lowering of the collector shoe can be initi-
ated by means of the height measuring means if the collector shoe is
below a minimum height in order to prevent a damage to the contact

line.

In the control system according to the invention for a current collec-

tor for railway vehicles, the current collector has a movable position-
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ing device and at least one collector shoe disposed on said position-
ing device, the collector shoe being able to be brought into contact
with a contact line by means of the positioning device using a contact
pressing force (Fa), the control system comprising a measuring de-
vice and a control device, the measuring device having a travelling
speed measuring means for determining a travelling speed (vF) of a
railway vehicle, the contact pressing force (Fa) being controllable as
a function of the travelling speed (vF) by means of the control device,
the measuring device having a wind measuring means for determin-
ing a true wind speed (vWRg) relative to the railway vehicle, the con-
tact pressing force (Fa) being controllable by means of the control
device taking into account the true wind speed (vWRr), wherein a total
wind speed (vWges) is measurable at the positioning device by means
of the wind measuring means, the travelling speed (vF) correspond-
ing to a relative wind speed (vWF), the true wind speed (vWR) being
determinable as the difference of the total wind speed (vWges) and
the travelling speed (vF) or the relative wind speed (vW¢). With re-
gard to the advantages of the control system according to the inven-
tion, reference is made to the description of advantages of the

method according to the invention.

The wind measuring means can be a Venturi tube, a pitot tube, a
Prandtl tube or an anemometer, in particular an ultrasonic anemome-
ter, a thermoelectric anemometer, a thermo-optic anemometer or a
plate anemometer. In this case, it is essential that the wind measur-
ing means can be designed for measuring the true wind speed (vWR)
or a total wind speed (vWges). Advantageously, the wind measuring
means can be disposed on a roof of the railway vehicle close to the
current collector or directly at the positioning device adjacent to the

collector shoe.

The wind measuring means can have a fiber-optic sensor for air

speed measurement. In this case, the fiber-optic sensor can form a
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thermo-optic anemometer. In this case, it is particularly advanta-
geous that the fiber-optic sensor cannot be influenced by electromag-
netic fields as they are regularly present at current collectors. The fi-
ber-optic sensor can therefore also be disposed in an adjacent man-
ner to the collector shoe without the measurement result being falsi-
fied by currents flowing across the collector shoe or by, for example,
a sparkover. In addition, the sensor cannot become unusable for op-

eration due to dirt accumulation as it is the case with a pitot tube.

The measuring device can have a height measuring means by means
of which a height of the collector shoe is measurable, the height
measuring means being able to have a fiber-optic sensor which can
be disposed inside the collector shoe. In this case, the fiber-optic
sensor for measuring the height of the collector shoe also cannot be
influenced by electromagnetic fields. Moreover, adapting the contact
pressing force (Fa) to the actual height of the collector shoe becomes
possible with the height measuring means. If the fiber-optic sensor is
disposed inside the collector shoe, the fiber-optic sensor is also pro-
tected from external influences which can falsify the measurement

result.

In this case, a unidirectional fiber bundle can be disposed in a verti-
cal drill hole in the collector shoe, the fiber bundle being able to fill
the drill hole completely. The fiber-optic sensor is then formed in the
drill hole by the fiber bundle. The drill hole can be a blind hole or a
through hole in the collector shoe. When the collector shoe is
abraded due to contact with the contact line, the fiber bundle is also
abraded, a length of the fiber bundle being shortened thereby. This
change in length of the fiber bundle can be detected and, thereof, a
height of the collector shoe is obtained. A plurality of fiber bundles
which are disposed at a distance from one another can be disposed in
the collector shoe. Since the fiber bundle is only inserted into the

vertical drill hole, the fiber-optic sensor is easy to mount. Moreover,
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according to requirements, the fiber bundle may be fixed or poured

in the hole by means of an adhesive material.

Furthermore, the travelling speed measuring means can be realized
independently of the wind measuring means. In this case, the travel-
ling speed measuring means can be the travelling speed measuring
means which is anyway formed at a railway vehicle for determining
and displaying a travelling speed, for example for a vehicle driver. In
this case, it is possible to dispense with an additional formation of a
travelling speed measuring means. At the same time, a relative wind
speed (vWF) can be measured by means of a wind measuring means to

obtain an even more precise measurement result.

Alternatively, the wind measuring means can realize the travelling
speed measuring means. In this case, a travelling speed (vF) is meas-
ured only by means of the wind measuring means. In this case, the
control system can be realized independently of a possibly already
present travelling speed measuring means of a railway vehicle,
whereby the control system can be used more universally on railway

vehicles.

If a wind measuring means is used, it may be used for determining a
true wind speed (vWR) at a current collector of a railway vehicle.
This makes it possible in the first place to use the true wind speed
(vWR) for precisely controlling a contact pressing force (Fa) of a col-
lector shoe of the current collector of the railway vehicle with the

above described advantages.

Further advantageous embodiments of the control system are pro-

vided by the dependent claims referring back to method claim 1.

Below, preferred embodiments of the invention are explained in more

detail with reference to the accompanying drawings.
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Fig. 1shows a schematic representation of a current collector;

Fig. 2shows a schematic representation of a collector shoe with rela-

tive velocities;

Fig. 3shows a schematic representation of the collector shoe with

relative forces;
Fig. 4shows a schematic representation of a control system;
Fig. 5shows a representation of a fiber-optic sensor.

Fig. 1 shows a current collector 10 on a roof 11 of a railway vehicle
(not shown in more detail) having a positioning device 13 realized as
pantograph 12. At pantograph 12, two collector shoes 14 are dis-
posed at a rocker 15 transversely to a contact line 16. The railway
vehicle moves with a travelling speed vF relative to contact line 16,
the railway vehicle being flowed against with a total wind speed
vWges parallel to contact line 16. Collector shoes 14 are pressed
transversely or orthogonally to contact line 16 against it using a con-
tact pressing force Fa. Contact pressing force Fa is controlled by

means of a control device (not shown).

Fig. 2 shows a schematic representation of collector shoe 14 at con-
tact line 16 with vectors drawn at a vertical axis 17 of collector shoe
14. A total wind speed vWges is composed of a relative wind speed
vWr and a true wind speed vWg. In this case, relative wind speed vW¢
is equal to a travelling speed vF and acts in the opposite direction of
travelling speed vF. Therefore, true wind speed vW&r corresponds to
the proportion of a wind which acts on the current collector or col-
lector shoe 14, regardless of a travelling speed vF. This wind can also
be negative, i.e. act with the travelling direction of the railway vehi-
cle and, thus, reduce relative wind speed vWF or total wind speed

VWges.
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Fig. 3 shows collector shoe 14 and contact line 16 with a collector
shoe 14 during a travelling operation of the railway vehicle and with,
in this case, acting force vectors. From travelling speed vF results a
relative wind speed force Fwr which, due to the aerodynamic effects
at the positioning device or collector shoe 14, acts transversely on
collector shoe 14. Relative wind speed force Fwr is divided into rela-
tive wind speed force components Fwry and Fwex. True wind speed
vWr also causes a true wind speed force Fwr having true wind speed
force components Fwry and Fwrx. Relative wind speed force compo-
nent vWry and true wind speed force component Fwry act orthogo-
nally to contact line 16 on collector shoe 14 and press it together
with a speed-dependent contact pressing force Fav against contact
line 16. In this case, speed-dependent contact pressing force Fav is
generated by a positioning device with a proportional pressure regu-
lator as a function of a current travelling speed vF and is increased in
a proportional ratio as the travelling speed vF increases. From this
results increased contact pressing force Fag which, due to true wind
speed force component Fwry, is higher than actually required, which,
in turn, leads to an increased wear and, thus, a shortened service life
of collector shoe 14. The control device (not shown) therefore deter-
mines true wind speed vWr and true wind speed force component
Fwry which results therefrom, true wind speed force component Fwry
basically being subtracted from increased contact pressing force Fag
by means of the control device. However, this can also already be car-
ried out during the determination of the wind speed. It is essential
that contact pressing force Fa is corrected by the influence of true
wind speed force components Fwry. Consequently, contact pressing
force Fa is so high that at least a contact pressing force required for

the respective travelling speed vF is applied and not exceeded.

Fig. 4 shows a schematic structure of a control system 18 having a

control device 19 and a drive 20 of a positioning device (not shown
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in more detail). A wind measuring means 21, a travelling speed meas-
uring means 22 and a height measuring means 23 supply control de-
vice 19 with operating parameters, control device 19 exerting a con-
tact pressing force formed as a function of the operating parameters

on a collector shoe (not shown) via drive 20.

Fig. 5 shows a schematic representation of a fiber-optic sensor 24 for
air speed measurement. Fiber-optic sensor 24 comprises a U-shaped
profile cover 25 and a unidirectional fiber bundle 26 having a sensor
end 27. A change in temperature at sensor end 27 can optically
change a coating (not shown in more detail) of sensor end 27 such
that this change of the coating, in turn, can be detected via fiber bun-
dle 26 by means of an evaluation device (not shown in more detail).
Profile cover 25 serves to protect sensor end 27 from detrimental en-

vironmental influences.
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Patentkrav

1. Fremgangsmade til regulering af en kontakttrykkraft (Fa) for et sleebestykke
(kollektorsko) (14) for en stramkollektor (10) til et skinnekaretgj, hvorved, ved
hjeelp af et positioneringsapparat (13) pa stramkollektoren, det derpa arrange-
rede slaebestykke med kontakttrykkraften (Fa) bringes til anleeg mod en kare-
ledning (16), ved hjeelp af en karemaleindretning (22) i et méleapparat for et
reguleringssystem (18) i skinnekaretojet, der bestemmes en kgrehastighed
(vF) for skinnekaretgjet, hvorved, ved hjeelp af et reguleringsapparat (19) i re-
guleringssystemet, kontakttrykkraften (Fa) reguleres i atheengighed af kareha-
stigheden (vF), hvorved, ved hjeelp af en vindmaleindretning (21) i maleappara-
tet, en sand-vindhastighed (vWR) i forhold til skinnekaretajet bestemmes, hvor-
ved, ved hjeelp af reguleringsapparatet, kontakttrykkraften (Fa) reguleres under
hensyntagen til sand-vindhastigheden (vWR),

kendetegnet ved, at

der ved hjeelp af vindmaleindretningen males en total-vindhastighed (VWges) pa
positioneringsapparatet (13), hvorved karehastigheden (vF) svarer til en kare-
vindhastighed (vWF), hvorved sand-vindhastighed (vWR) bestemmes som dif-
ferencen mellem total-vindhastigheden (vWges) 0g karehastigheden (vF) eller

karevindhastigheden (vWF) bestemmes.

2. Fremgangsmade ifalge krav 1,
kendetegnet ved, at kontakitrykkraften (Fa) reguleres proportionalt med kare-

hastigheden (vF).

3. Fremgangsmade ifglge krav 1 eller 2,

kendetegnet ved, at

en kagrehastigheds-kraftkomponent (Fwry) i afheengighed af karehastigheden
(vF) eller en karevindhastighed (vWF) og/eller en sand-vindhastighed-kraftkom-
ponent (Fwry) i afheengighed af den sande vindhastighed (vVWR) bestemmes

ved hjeelp af reguleringsapparatet (19).

4. Fremgangsmade ifalge krav 3,
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kendetegnet ved, at kontakttrykkraften (Fa) er summen af den negative sand-
vindhastigheds-kraftkomponent (Fwry) og kerehastigheds-kraftkomponenten
(Favk), hvorved kagrehastigheds-kraftkomponenten (Favk) reguleres ved hjeelp

af reguleringsapparatet (19).

5. Fremgangsmade ifalge krav 3,

kendetegnet ved, at kontakttrykkraften (Fa) er summen af karevindhastigheds-
kraftkomponenten (Fwry), den negative sand-vindhastigheds-kraftkomponent
(Fwry) og kerehastigheds-kraftkomponenten (Fawk), hvorved karehastigheds-
kraftkomponenten (Fawk) reguleres ved hjeelp af reguleringsapparatet (19).

6. Fremgangsmade ifglge et af kravene 3 til 5,
kendetegnet ved, at karevindhastigheds-kraftkomponenterne (Fwry) 0g kare-
hastigheds-kraftkomponenten (Fawk) under hensyntagen til en hgjde af slaebe-

stykket bestemmes ved hjeelp af reguleringsapparatet (19).

7. Fremgangsmade ifolge et af kravene 3 til 6,
kendetegnet ved, at der ved hjeelp af en lagringsindretning i reguleringsappa-
ratet (19) lagres en funktion af veerdier af sand-vindhastigheden (vWR) og veer-

dier af sand-veerdi-vindhastighedskomponenten (Fwry).

8. Fremgangsmade ifalge krav 7,
kendetegnet ved, at en kalibrering af funktionen sker ved hjeelp af en maling

af kontakttrykkraften (Fa) og en total-vindhastighed (vWges).

9. Fremgangsmade ifalge et af de foregaende krav,

kendetegnet ved, at, ved hjalp af en hgjdemaleindretning (23) i maleappara-
tet, en hgjde af sleebestykket (14) fortlobende males, hvorved reguleringsappa-
ratet (19) regulerer kontakttrykkraften (Fa) under hensyntagen til hgjden.

10. Reguleringssystem for en strgmaftager (10) til skinnekaretejer, hvorved
stramaftageren omfatter en bevaegelig positioneringsindretning (13) og i det
mindste et derpa arrangeret sleebestykke (kollektorsko) (14), hvorved, ved

hjeelp af positioneringsapparatet, slaebestykket med en kontakttrykkraft (Fa) kan
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bringes til anleeg mod en kgreledning (16), hvorved reguleringssystemet omfat-
ter et maleapparat og et reguleringsapparat (19), hvorved maleapparatet om-
fatter en fartmaleindretning (22) til bestemmelse af en karehastighed (vF) for et
skinnekgretgj, hvorved, ved hjeelp af reguleringsapparatet, kontakttrykkraften
(Fa) kan reguleres i afheengighed af karehastigheden (vF), hvorved maleappa-
ratet omfatter en vindmaleindretning (21) til bestemmelse af en sand-vindha-
stighed (vWR) i forhold til skinnekaretajet, hvorved, ved hjselp af reguleringsap-
paratet, kontakttrykkraften (Fa) kan reguleres under hensyntagen til sand-vind-
hastigheden (VWR),

kendetegnet ved, at, ved hjzlp af vindmaleindretningen, en total-vindha-
stighed (vWges) pa positioneringsapparatet (13) kan males, hvorved kareha-
stigheden (vF) svarer til en kegrevindhastighed (vWr), hvorved sand-vindha-
stigheden (vVWR) kan bestemmes som differencen mellem total-vindhastighed
(VWges) 0g karehastigheden (vF) eller karevindhastigheden (VWF).

11. Reguleringssystem ifalge krav 10,
kendetegnet ved, at vindmaleindretningen (21) er et Venturi-ror, et Pitot-ror,
et Prandtl-rgr eller et anemometer, navnlig et ultralyds-anemometer, et termo-

elektrisk anemometer, termooptisk anemometer, plade-anemometer.

12. Reguleringssystem ifalge krav 10 eller 11,
kendetegnet ved, at vindmaleindretningen (21) omfatter en fiberoptisk sensor
(24) til lufthastighedsmaling.

13. Reguleringssystem ifalge et af kravene 10 til 12,

kendetegnet ved, at maleapparatet omfatter en hgjdemaleindretning (23), ved
hjeelp af hvilken en hgjde af sleebestykket (14) kan males, hvorved hgjdemale-
indretningen omfatter en fiberoptisk sensor, som er arrangeret inden i kollektor-
skoen.

14. Reguleringssystem ifalge krav 13,
kendetegnet ved, at et unidirektionalt fiberbundt er arrangeret i en vertikal bo-
ring i sleebestykket (14), hvorved fiberbundtet helt udfylder boringen.
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15. Reguleringssystem ifalge et af kravene 10 til 14,
kendetegnet ved, at karehastigheds-maleindretningen (22) er dannet som uaf-

haengig af vindmaleindretningen (21).

16. Reguleringssystem ifglge et af kravene 10 til 14,
kendetegnet ved, at vindmaleindretningen (21) danner karehastigheds-male-

indretningen (22).
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