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(57) Abstract

A device to be attached to an overhead power line for

the purpose of manipulating movement of the

overhead power line comprises an electric power

source; a base, defining a base plane; and a clamp,
secured to the base, to be attached to a section of the ,
overhead power line. The device further comprisesa
flywheel, having a rotational axis; an actuator,
arranged to adjust the rotational axis of the flywheel in
dependency of an actuator control signal; and an
electric motor, arranged to rotate the flywheel about
the rotational axis in dependency of a motor control
signal. The device further comprises an acceleration
sensing device, secured to the base, providing an
acceleration signal; and a controller device, arranged
to receive the acceleration signal and to provide the
motor control signal and the actuator control signal. P
The controller device is configured to operate in an S
overhead power line stabilizing mode. In the overhead
power stabilizing mode, the controller device calculates
the motor control signal and the actuator control signal
in dependency of the acceleration signal in such a way
as to minimize the acceleration signal. :
Advantageously, the controller device is also S e
configured to operate in in an ice removal mode. In the

ice removal mode, the controller device calculates the

motor control signal and the actuator control signal in

dependency of the acceleration signal in such a way as

to cause fluctuations in the acceleration measured by

the acceleration sensing device.
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TECHNICAL FIELD

The invention relates to a device to be attached to an overhead power line for the
purpose of manipulating movement of the overhead power line.

BACKGROUND

Overhead power line arrangements are structures widely used in transmitting and
distributing electric power, typically along large distances. A power line
arrangement includes a number of power lines or conductors, usually three or
multiples of three, which are suspended by towers, pylons or poles arranged at
intervals along the power lines.

Power lines are exposed to various external forces and environmental influence,
such as meteorological phenomena.

For instance, excessive wind will tend to cause movement of the power lines. High-
amplitude, low frequency oscillation of power lines due to wind is known as power
line galloping. Movement due to wind, an in particular galloping, can be dangerous
and destructive to the power lines and may lead to costly disruption in service.

Power lines are also exposed to icing, which is particularly noticeable in polar
geographical areas. Formation of ice on the power lines may cause heavy loads on
the conductors and may likewise lead to damage and costly disruption in service.

Hence, there is a general need for devices that will alleviate problems caused by
external forces and environmental influence on power lines, including wind and ice.

CN-104065015 describes an external excitation resonance type automatic anti-icing
and de-icing robot system. The system includes a vibration execution module, an
online electricity taking module, an automatic monitoring module, a control
analysis module, a resonance feedback module, a fixing locking module and a
wireless remote control module. The vibration execution module is controlled by
the control analysis module to generate mechanical vibration with the same
frequency as the inherent frequency of a current electricity transmission line. In the
de-icing process, the resonance feedback module measures the resonance situation
in real time, the vibration frequency of the vibration execution module is
continuously tracked and adjusted through the control analysis module, and the de-
icing efficiency and effect are kept.

WO0-02/47232 Al relates to an operatively controllable electromechanical vibrator
which is attached semi-permanently on a line section between pylons in order to
remove snow and ice from an overhead line. A snow/ice sensor is arranged close by
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the vibrator, and the vibrator is driven from a current transformer mounted close by
for inductive tapping of power from the power line.

CN-105244831 discloses a smart shockproof hammer for reducing vibration or
galloping of overhead power lines. Data collected by a triaxial acceleration sensor
are processed in a processor, which controls a motor to perform the active reverse
movement of the hammer to achieve the shock protection effect.

CA 2618505 describes a device, system and method for real-time monitoring of
overhead power lines.

US-6 660 934 B1 relates to a mechanical ice-shedding device for temporary or
permanent attachment to a suspended power line. The ice-shedding device uses a
motor to move at least one unbalanced weight, thereby causing a vibration of the
device that is translated to the cable to which the device is attached. The vibration
causes an oscillation of the cable which is sufficient to substantially shed ice that
has accumulated thereon. The output of the motor is preferably regulated so that the
cable may be ramped through several frequencies of oscillation, thereby improving
its ice-shedding ability. The device may be driven by power from the power line to
which it is attached, or from another source, such as a battery or storage capacitor.

SUMMARY

The invention relates to a device to be attached to an overhead power line for the
purpose of manipulating movement of the overhead power line, as has been defined
in the appended independent claim 1.

Advantageous embodiments of the device have been defined in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will become more fully
understood from the detailed description below and the accompanying drawings.
The drawings are given by way of illustration only, thus, they are not limiting on
the present invention. Throughout the drawings, like reference numerals represent
like elements.

Figure 1 is a schematic perspective view of a first embodiment of a device to be
attached to an overhead power line for the purpose of manipulating movement of
the overhead power line;

Figure 2 is a schematic exploded perspective view that illustrates principles of a
first embodiment of the device;
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Figure 3 is a schematic perspective view that illustrates principles of a second
embodiment of the device;

Figure 4 is a schematic top sectional view illustrating further principles of the
second embodiment of the device;

Figure 5 is a schematic perspective view illustrating further principles of the second
embodiment of the device;

DETAILED DESCRIPTION

The present invention is directed to a device to be attached to an overhead power
line for the purpose of manipulating movement of the overhead power line. The
following description presents exemplary embodiments of such devices and various
aspects thereof that are consistent with the principles of the invention. It must be
noted that the exemplary embodiments are intended to provide a better
understanding of the invention, and that they should not be interpreted as limitations
to the invention. The scope of the invention is defined by the appended claims.

Figure 1 illustrates a device 100 to be attached to an overhead power line 200 for
the purpose of manipulating movement of the overhead power line 200.

As already mentioned in the Background section, an overhead power line
arrangement includes of a number of power lines or conductors, usually three or
multiples of three, which are suspended by towers, pylons or poles arranged at
intervals along the power lines.

Although the towers, pylons or poles have not been shown in figure 1, it will be
understood that the device 100 during use, is arranged on a portion of the power line
200 between two towers, pylons or poles. Typically, the device 100 will be arranged
halfway or substantially halfway between two adjacent towers, pylons or poles.

In a typical power line arrangement wherein a plurality of separate power lines are
suspended by the towers, pylons or poles, one device 100 will typically be arranged
on each of the power lines.

Figure 2 is a schematic exploded perspective view that illustrates principles of a
first embodiment of the device 100.

As illustrated, the device 100 comprises an electric power source 110; a base 120,
which defines a base plane. The base and the internal components is surrounded by
an external housing, which may include a lower housing portion 102 and a top
housing portion 104, which are secured along an upper rim on the lower housing
portion 102 and a lower rim on the upper housing portion 104 to form a watertight
and rugged housing. The housing portions 102, 104 may, e.g., be made of a
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thermoplastic polymer material such as polycarbonate, in particular an UV stable
polycarbonate. The housing portions 102, 104 may advantageously be formed with
a smooth and slippery outer surface, in order to avoid fastening of snow and/or ice
during use in frosty and humid conditions.

A clamp 130 is secured relatively to the base, usually indirectly via the housing.
Advantageously, the clamp 130 is mounted on the upper part of the top housing
portion 104, which is again attached to the lower housing portion 102 and the base
120. The clamp 130 is configured to be attached to a section of the overhead power
line 200, thus securing the device 100 to the power line 200.

The device 100 further comprises a rotary flywheel 140. The flywheel has a
rotational axis. An actuator 150 is arranged to adjust the rotational axis of the
flywheel 140 in dependency of an actuator control signal.

The device 100 further comprises an electric motor, not visible in figure 2, which is
arranged to rotate the flywheel 140 about the rotational axis in dependency of a
motor control signal which is supplied to the electric motor.

The flywheel 140 is rotatable about its axis and will store rotational energy by its
rotation about its axis. The flywheel resists changes in rotational speed by its
moment of inertia, resulting in a gyroscopic effect. In use, when rotating, the
flywheel 140 provides the function of stabilizing the power line. When the
flywheel's rotational axis is changed, the gyroscopic effect of the rotating flywheel
will counteract the change. The stored energy of the rotating flywheel will generate
a torque or force perpendicular to the rotational axis.

In the embodiment shown in figure 2, the device 100 comprises two flywheels 140,
two respective electric motors and two respective actuators 150.

The device further comprises an acceleration sensing device, secured relatively to
the base, providing an acceleration signal. The acceleration sensing device may
advantageously include a 3-axis accelerometer or a 3-axis gyroscope. The
acceleration sensing device may be secured directly to the base, or it may be
secured indirectly to the base, for instance as part of a controller device 170,
described in further detail below, which is directly secured to the base.

The device further comprises a controller device 170, which is arranged to receive
the acceleration signal provided by the acceleration sensing device as an input
signal, and to provide the motor control signal and the actuator control signal as
output signals. The controller device 170 may include a processor device and a
memory, containing processing instructions to cause the processor device to operate
according to functionality described herein. The controller device may also include
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memory for containing volatile data, a bus, necessary I/O peripherals, etc. In an
aspect, the controller device may include a microcontroller.

Consistent with principles of the invention, the controller device 170 is configured
to operate in an overhead power line stabilizing mode.

In the overhead power line stabilizing mode, the controller device 170 is configured
to calculate the motor control signal and the actuator control signal in dependency
of the acceleration signal in such a way as to minimize the acceleration signal.

Further details of the calculation performed by the controller device 170 in the
overhead power stabilizing mode have been explained below with reference to
figure 3.

In an advantageous embodiment, the controller device 100 is further configured to
operate in an ice removal mode, which is different from the overhead power line
stabilizing mode, 1.e., the ice removal and stabilizing modes represent different time
intervals in the operation of the device 100.

In the ice removal mode, the controller device 100 is configured to calculate the
motor control signal and the actuator control signal in dependency of the
acceleration signal in such a way as to cause fluctuations in the acceleration
measured by the acceleration sensing device.

Further details of the calculation performed by the controller device 170 in the ice
removal mode have been explained below with reference to figure 3.

Figure 3 is a schematic perspective view that illustrates principles of a second
embodiment of the device 100 to be attached to an overhead power line for the
purpose of manipulating movement of the overhead power line.

In figure 3, the housing, i.e. the lower portion 102 and the top portion 103 of the
housing, as well as the clamp 130 and the power line 200, have not been illustrated.

Instead, figure 3 illustrates the base 120, which may advantageously be formed as a
polygonal frame, such as the octagonal shape shown. The frame may
advantageously be formed of an octagonally shaped, endless metallic strip, e.g. of
lightweight aluminium. A bridge or beam is attached to two opposite sides of the
octagonally shaped frame in order to stiffen the frame and provide a support for the
rotatable flywheel 140.

In the embodiment of figure 3, only one flywheel is arranged. The flywheel 140 has
a rotational axis. One actuator 150 (not illustrated in figure 3) is arranged to adjust
the rotational axis of the flywheel 140 in dependency of an actuator control signal.
An electric motor 160 is arranged to rotate the flywheel 140 about the rotational
axis in dependency of a motor control signal. As shown in figure 3, the motor 150 is
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arranged below the flywheel 140. Figure 3 also shows batteries which may be
included in a power source 110. Figure 3 also shows a controller device 170 in the
form of a printed circuit board provided with controller circuitry, secured to an
inner surface of the polygonal frame or base 140.

The controller device 170 is configured to operate in an overhead power line
stabilizing mode.

In the overhead power line stabilizing mode, the controller device 170 is configured
to calculate the motor control signal and the actuator control signal in dependency
of the acceleration signal in such a way as to minimize the acceleration signal.

To this end, the controller device 170 may operate as a conventional controller, e.g.
a P, PI, PD or PID controller, to calculate the motor control signal. Alternatively,
the controller device 170 may operate as a Kalman filter.

In an advantageous embodiment, the controller device 100 is further configured to
operate in an ice removal mode, which is different from the overhead power line
stabilizing mode, 1.e., the ice removal and stabilizing modes represent different time
intervals in the operation of the device 100.

In the ice removal mode, the controller device 100 is configured to calculate the
motor control signal and the actuator control signal in dependency of the
acceleration signal in such a way as to cause fluctuations in the acceleration
measured by the acceleration sensing device.

Figure 4 is a schematic top sectional view illustrating further principles of the
second embodiment of the device, i.e. the embodiment with only one flywheel 140.
The octagonal frame 120 is shown, with the controller device 170 attached to an
inner surface of the frame 120, and a power source 110 including batteries are
provided at other portions of the inner surface of the frame 140. The surrounding
housing has also been schematically shown.

Figure 5 is a schematic perspective view illustrating further principles of the second
embodiment of the device, i.e. the embodiment with only one flywheel 140. The
lower portion 102 and the top portion 104 of the surrounding housing have been
illustrated. The clamp 130, arranged on top of the top portion 104 of the housing
has been illustrated as including a locking device 180. The locking device 180 is
configured to lock the device 100 to the overhead power line. The locking device
180 typically includes a locking actuator which is controllable by the controller
device 170, hence, the controller device 170 may receive or calculate a signal which
is able to lock or unlock the locking device.

In any of the disclosed embodiments, the electric power source may advantageously
include an inductive coupler, which may be integrated with the locking device 180,
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which is arranged to provide electric power from AC carried by the overhead power
line 200 The electric power source advantageously also includes a power converter

(not illustrated). In such aspects, the electric power source 110 may advantageously
further comprise a rechargeable battery device, such as the plurality of rechargeable
batteries illustrated as cylindrical elements in figures 2, 3 and 4.

In any of the disclosed embodiments, the device may advantageously further
comprise a communication device connected to the controller device 170. The
communication device may provide wireless communication with a base station,
which may be arranged externally to the device 100, for instance on the ground or
on a power line tower, pillar or pole.

In any of the disclosed embodiments, the device may advantageously further
comprise a temperature sensor device. The temperature sensor may advantageously
be arranged in the clamp 130, and it may be arranged to measure a temperature of
the overhead power cable 200. In this aspect, the controller device 170 is
advantageously arranged to receive a temperature signal from the temperature
sensor device.

In any of the disclosed embodiments, the device 100 may further comprise an ice
formation detector. In this aspect, the controller device is advantageously arranged
to receive an ice formation detector signal from the ice formation detector.

In any of the disclosed embodiments, the device 100 may further comprise a
distance measurement device, which is arranged to measure a vertical distance
between the device 100 and the ground. In this aspect, the controller device is
advantageously arranged to receive a distance measurement signal from the distance
measurement device.
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CLAIMS

1. A device (100) to be attached to an overhead power line (200) for the
purpose of manipulating movement of the overhead power line (200), the device
comprising

- an electric power source (110);
- a base (120), defining a base plane;

- a clamp (130), secured relatively to the base, to be attached to a section of the
overhead power line (200);

- a flywheel (140), having a rotational axis;

- an electric motor (160), arranged to rotate the flywheel (140) about the rotational
axis in dependency of a motor control signal,

- an acceleration sensing device, secured relatively to the base, providing an
acceleration signal; and

- a controller device (170), arranged to receive the acceleration signal and to
provide the motor control signal;

characterized in that

the device comprises an actuator (150), arranged to adjust the rotational axis of the
flywheel (140) in dependency of an actuator control signal;

the controller device (170) is arranged to provide the actuator control signal;

the controller device (170) being configured to:

in an overhead power line stabilizing mode, calculating the motor control signal and
the actuator control signal in dependency of the acceleration signal in such a way as
to minimize the acceleration signal.

2. A device in accordance with claim 1,

wherein the controller device (170) is further configured to:

in an ice removal mode, calculating the motor control signal and the actuator
control signal in dependency of the acceleration signal in such a way as to cause
fluctuations in the acceleration measured by the acceleration sensing device,
where the ice removal mode is different from the overhead power line stabilizing
mode.

3. Device according to claim 1 or 2,
comprising one flywheel (140), one electric motor (160) and one actuator (150).
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4, Device according to claim 1 or 2,
comprising two flywheels (140), two respective electric motors (160) and two
respective actuators (150).

5. Device according to one of the claims 1-4,
further comprising an external housing (102, 104), the clamp (130) being arranged
on an upper part (104) of the external housing.

6. Device according to claim 5,

wherein the clamp (130) includes a locking device (180) configured to lock the
device to the overhead power line (200), the locking device (180) including a
locking actuator which is controllable by the controller device (170).

7. Device according to one of the claims 1-6,
wherein the acceleration sensing device includes a 3-axis accelerometer or a 3-axis
gyroscope.

8. Device according to one of the claims 1-7,

wherein the electric power source (110) includes an inductive coupler, arranged to
provide electric power from AC carried by the overhead power line, and a power
converter.

9. Device according to claim 8,
wherein the electric power source (110) further comprises a rechargeable battery
device.

10.  Device according to one of the claims 1-9,
further comprising a communication device connected to the controller device,
providing wireless communication with a base station.

11.  Device according to one of the claims 1-10,

further comprising a temperature sensor device in the clamp (130), arranged to
measure a temperature of the overhead power cable (200), and wherein the
controller device (170) is arranged to receive a temperature signal from the
temperature sensor device.

12.  Device according to one of the claims 1-11,

further comprising an ice formation detector, and wherein the controller device
(170) is arranged to receive an ice formation detector signal from the ice formation
detector.

13.  Device according to one of the claims 1-12,
further comprising a distance measurement device, measuring a vertical distance
between the device and the ground, and wherein the controller device (170) is
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arranged to receive a distance measurement signal from the distance measurement
device.
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PATENTKRAV

1. En anordning (100) for festing til en kraftledning (200) med det formal a
manipulere bevegelse av kraftledningen (200), hvor anordningen omfatter

- en elektrisk kraftkilde (110);
- en base (120) som definerer et basisplan,;

- en klemme (130), festet relativt til basen, for & vare festet til en seksjon av
kraftledningen (200);

- et svinghjul (140) med en rotasjonsakse;

- en elektrisk motor (160), anordnet for a rotere svinghjulet (140) rundt
rotasjonsaksen 1 avhengighet av et motorstyresignal;

- en akselerasjonssensoranordning, festet relativt til basen, og som gir et
akselerasjonssignal; og

- en styreanordning (170), anordnet til a motta akselerasjonssignalet og tilveiebringe
motorstyresignalet;

karakterisert ved at

anordningen omfatter en aktuator (150), anordnet for a justere dreieaksen til
svinghjulet (140) i avhengighet av et aktuatorstyresignal;

styreanordningen (170) er anordnet til & tilveiebringe aktuatorstyresignalet;

styreanordningen (170) er konfigurert til:

i en kraftledningsstabiliserende modus, beregne motorstyresignalet og
aktuatorstyresignalet i avhengighet av akselerasjonssignalet pa en slik mate at
akselerasjonssignalet minimeres.

2. En anordning i samsvar med krav 1,

hvor styreanordningen (170) videre er konfigurert til:

i en isfjerningsmodus, beregne motorstyresignalet og aktuatorstyresignalet i
avhengighet av akselerasjonssignalet pa en slik mate at det forarsaker svingninger i
akselerasjonen malt av akselerasjonssensoranordningen;

der isfjerningsmodusen er forskjellig fra den kraftledningsstabiliserende modusen.

3. Anordning ifelge krav 1 eller 2,
omfattende ett svinghjul (140), en elektrisk motor (160) og en aktuator (150).

4. Anordning ifelge krav 1 eller 2,
omfattende to svinghjul (140), to respektive elektriske motorer (160) og to
respektive aktuatorer (150).
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5. Anordning ifelge et av kravene 1-4,
videre omfattende et utvendig hus (102, 104), hvor klemmen (130) er anordnet pa
en gvre del (104) av det ytre huset.

6. Anordning ifelge krav 5,

hvor klemmen (130) inkluderer en laseanordning (180) som er konfigurert til & lase
anordningen til kraftledningen (200), hvor laseanordningen (180) inkluderer en
laseaktuator som kan styres av styreanordningen (170).

7. Anordning ifelge et av kravene 1-6,
hvor akselerasjonssensoranordningen inkluderer et 3-akset akselerometer eller et 3-
akset gyroskop.

8. Anordning ifelge et av kravene 1-7,

hvor den elektriske kraftkilden (110) inkluderer en induktiv kobling, anordnet for a
tilveiebringe elektrisk kraft fra AC-strommen fort av kraftledningen, og en
kraftomformer.

9. Anordning ifelge krav 8,
hvor den elektriske kraftkilden (110) videre omfatter en oppladbar batterianordning.

10. Anordning ifelge et av kravene 1-9,
videre omfattende en kommunikasjonsanordning koblet til styreanordningen, som
tilveiebringer tradles kommunikasjon med en basestasjon.

11. Anordning ifelge et av kravene 1-10,

videre omfattende en temperatursensoranordning i klemmen (130), anordnet for a
male en temperatur hos den overliggende stremkabelen (200), og hvor
styreanordningen (170) er anordnet til & motta et temperatursignal fra
temperatursensoranordningen.

12. Anordning ifelge et av kravene 1-11,
videre omfattende en isdannelsesdetektor, og hvor styreanordningen (170) er
tilveiebrakt til & motta et isdannelsesdetektor-signal fra isdannelsesdetektoren.

13. Anordning ifelge et av kravene 1-12,

videre omfattende en avstandsmaleanordning, som maler en vertikal avstand
mellom anordningen og bakken, og hvor styreanordningen (170) er anordnet til a
motta et avstandsmalesignal fra avstandsmalingsanordningen.
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