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(57) Sammendrag:

A method for controlling the orientation of a load (18) suspended from a bearing wire
(16) about said bearing wire (16), comprising the foltowing steps:

a. - providing a winch arrangement (10), comprising; a master winch (32), at least one
slave winch (34) and a winch control system (31), each of said winches (32, 34) hav-
ing a winch motor (58) and a bi-directional rotational spool (54) with a tagline (40,
42), wherein each tagline (40, 42) is provided with attachment means (44, 46) for at-
tachment to the load (18) and for applying a controlled torque to the load (18) about
the bearing wire (16), and wherein the control system (31) comprises tension sensor
means (48) for determining tagline tension and spoo! rotation sensor means (50) for
determining spool rotation, and wherein the control system (31) is controllably con-
nected to each winch motor (58) for controlling spool rotation,

b. - connecting the attachment means (44, 46) to the load (18),

¢. - simultaneous rotating the winch spools (54), until preset tagline tensions are
sensed in the two taglines by the tension sensor means (48),

d. - during horizontal and/or vertical movement of the load (18), rotating, if necessary,
the spools (50) with a rotation speed, for maintaining a desired orientation of the load
(18), based on the determined tagline tensions,

e. - relieving the tagline tension by rotating the spools (50), and

f. - disconnecting the attachment means (44, 46) from the load (18).
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A method for controlling the orientation of a load suspended from a bearing wire

about said bearing wire and a winch arrangement

Field of the Invention
The present invention relates to a method for controlling the orientation of a load sus-

pended from a bearing wire about said bearing wire

Furthermore the present invention relates to a winch arrangement, for controlling the
orientation of a load suspended from a bearing wire about said bearing wire, compris-
ing; a master winch, at least one slave winch and a winch control system, each of said
winches having a winch motor and a bi-directional rotational spool with a tagline,
wherein each tagline is provided with attachment means, wherein the taglines are ar-

ranged for applying a controlled torque to the load about the bearing wire.

Additionally the present invention relates to the use of such a method and winch ar-

rangement.

In the present application the term tagline is used for an elongate connection means
connected between the load and a winch for transferring a force from the winch to the
load. The tagline may be a rope, a cable, a wire or another tether. The tagline is able to

transfer tension forces.

Background of the Invention
When lifting loads of a substantial size it is a requirement that the orientation of the
load is controlled. Examples of such loads may be wind turbine blades, towers, prefab-

ricated concrete elements for buildings, etc.

Due to the inertia of the load the load may maintain its position in space even when
the bearing wire is rotated, i.e. if the crane boom is rotated. Therefore an uncontrolled
load may potentially impact the crane boom or impact personnel or structures close by.

It 1s therefore a requirement that the load is controlled. For example by attaching a
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tagline to the load for applying a torque to the load about the bearing wire. The torque

may be clockwise or counter clockwise.

Due to the size of the loads it is unsafe for personnel to handle the taglines and to ap-

ply the torque to the load about the bearing wire.

From WO 2008/061797 a method and a lifting device for mounting a wind turbine
blade to a wind turbine hub are known. The blade is suspended in a substantially hori-
zontal orientation from a bearing wire provided by a crane having a crane boom. The
bearing wire is attached to the lifting device, which is attached to the blade. The blade
is lifted from a position on the ground and to a position, where the blade may be
mounted to the hub. In order to avoid that the blade rotates about the bearing wire the
blade is connected to control wires, which run via pulleys on the crane boom to a
winch arrangement at the bottom of the crane boom. The system applies one winch for
controlling the orientation of the load and another manually operated winch for rotat-

ing the load.

Although the system of WO 2008/061797 has been successfully implemented there
are some disadvantages of the system. A major disadvantage is that the crane needs to
be modified. This normally requires approving from the crane manufacturer in order to
guarantee the required functioning of the crane. The cranes are very expensive to oper-
ate and are only used for a short duration. A purpose modified crane would have much
idle time, alternatively the pulleys, the winch arrangement and the control wires would
have to be removed from the system of WO 2008/061797 between lifting operations at

one site to free the crane for other uses.

Object of the Invention

The object of the present invention is to provide a method and winch arrangement for
controlling the orientation of a load suspended from a bearing wire in relation to said
bearing wire, and which provide flexibility concerning the placement of the winch

arrangement, such that it does not require to be installed on a crane.
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Description of the Invention

According to the present invention, this objective is achieved by a method for control-
ling the orientation of a load suspended from a bearing wire about said bearing wire,
comprising the following steps:

a. - providing a winch arrangement, comprising; a master winch, at least one slave
winch and a winch control system, each of said winches having a winch motor and a
bi-directional rotational spool with a tagline, wherein each tagline is provided with
attachment means, wherein the taglines are arranged for applying a controlled torque
to the load about the bearing wire, and wherein the control system comprises tension
sensor means for determining tagline tension and spool rotation sensor means for de-
termining spool rotation, and wherein the control system is controllably connected to
each winch motor for controlling spool rotation,

b. — placing the winch free of the load and connecting the attachment means to the
load, or

b. — placing the winch on the load and connecting the attachment means to a land,

c. - rotating the winch spools, until preset tagline tensions are sensed in the -taglines
by the tension sensor means,

d. - during horizontal and/or vertical movement of the load, rotating, if necessary, the
spools with a rotation speed, for maintaining a desired orientation of the load sus-
pended from the bearing wire about said bearing wire, based on the determined tagline
tensions,

e. - relieving the tagline tension by rotating the spools, and

f. - disconnecting the attachment means.

Furthermore it is achieved by a winch arrangement, for controlling the orientation of a
load suspended from a bearing wire about said bearing wire, comprising; a master
winch, at least one slave winch and a winch control system, each of said winches hav-
ing a winch motor and a bi-directional rotational spool with a tagline, wherein each
tagline is provided with attachment means, wherein the taglines are arranged for ap-
plying a controlled torque to the load about the bearing wire, which is peculiar in that
the control system comprises tension sensor means for determining tagline tension and
spool rotation sensor means for determining spool rotation, and wherein the control

system is controllably connected to each winch motor for controlling spool rotation.
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It is herewith achieved that the orientation of the load about the bearing wire is main-
tained autonomously without the need for user input apart from activating the winch

arrangement.

The load is suspended from a bearing wire provided by a crane. When the crane opera-
tor mantipulates the load, the winch arrangement will maintain the orientation by ap-
plying a controlled torque about the bearing wire, based on the tension sensor meas-
urements according to the method. The crane operator may therefore fully concentrate
on positioning of the load according to height, while operating the crane boom and/or
a bearing wire winch, without having to operate a further winch for maintaining the

orientation of the load about the bearing wire,

The tagline runs directly from the winch to the load or from the winch to a land.
Therefore the method and winch arrangement is flexible regarding placement of the
winch arrangement. For example the winch arrangement may be placed on the ground,

on the crane or on the load.

The tagline is applying a torque about the bearing wire to the load. The tagline is flexi-
ble, so the tagline is in tension. The tagline force is tree-dimensional with two perpen-
dicular honzontal components and a vertical component (z-component). One of the
horizontal components (x-component) is directed from the attack point of the load
towards the bearing wire and the other (y-component) from the attack point and per-
pendicular to the x-component. The controlled torque about the bearing wire is applied
in a horizontal plane. The torque is composed by the y-component of the tagline force
and the distance to the bearing wire (moment arm). The winch or the land is located
sufficiently far from the load in the direction of the y-component to apply the neces-
sary torque to control the load. The necessary distance is dependent of how much tag-
line force the winch is rated at, the moment of inertia of the load, the distance between
the attack point and the bearing wire, the maximum lifting height and external forces

ex the wind forces.
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The relative relationship between the distance between the winch or the land and the
load 1s as follows; a relatively long distance allow for a lower tagline force, a higher
moment of inertia, a shorier moment arm, a higher maximum lifting height and/or
higher external forces, whereas a winch or land located closer to the load needs a
higher rating, less moment of inertia, a longer moment arm, a lower maximum lifting

height and/or lower external forces.

The master winch and slave winch is arranged such that they apply opposite directed
torque to the load. For example; the master winch applies a clockwise torque and the
slave winch applies a counter-clockwise torque, the master winch applies a counter-
clockwise torque and the slave winch applies a clockwise torque. When the sum of
torque applied by the winches equal zero the load will maintain its orientation about

the bearing wire.

In alternative embodiments additional slave winches may apply a zero or near zero
torque, if the tagline is connected close to the bearing wire, or a torque, which is of the
same direction as other slave winches or the master winch. This is controlled by the
control system. This provides flexibility and improved control of the orientation of the

load.

The master winch and the at least one slave winch, may be located with an equal mo-
ment arm and symmetrical position in relation to the beaﬁng wire or a different mo-
ment arm and an asymmetrical position in relation to the bearing wire. The control

system is able to compensate during controlling of the winch motors.

The method and winch arrangement is typically used for controlling the orientation of
a load of substantial size and/or weight suspended from a bearing wire about said
bearing wire. Examples of such loads may be wind turbine blades, towers, prefabri-

cated concrete elements for buildings, etc or other load with a large moment of inertia.

The load may be suspended from a crane with a bearing wire. The bearing wire may
have an attachment means for connection to the load or a lifting frame attached to the

load. For example the attachment means may be a hook. Alternatively the load may be
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suspended from a loader crane with an articulated arm installed on a truck or trailer. In
this case the outer arm/hook may be regarded as the bearing wire as it may be freely
rotatable and thus requiring the orientation of the load to be controlled about the axis

of rotation.

Each winch may have a hydraulically or electrically driven winch motor driving a
spool. The spool is able to rotate bi-directional either by a gearing or bi-directional
rotation of the winch motor. The tagline, which may be a wire, cable or preferably a
rope, is wound around the spool. The tagline is provided with attachment means for

attachment to a land or the load cither directly or via a lifting frame.

A control system is provided for controlling the operation of the winch motors. The
winch motors may operate simultaneously with the same or dissimilar rotation speeds.
Thus, the winch motors may operate individuatly. The control system comprises ten-
sion sensor means for determining the tension in the taglines and spool rotation sensor
means for determining the position and the operation of the spool. The sensors are
operating continuously during use of the system to provide feedback of the operation

to the control system.

The control system may be provided with an output means for providing the sensor
measurements to the crane operator or a data logger. Furthermore the control system
may be provided with waming signals provided to the crane operator, when preset
limits are about to be-/are exceeded This will enable the crane operator to interrupt the
lifting and bring the load into a safe condition if for example the wind conditions

change and exceeds a predefined limit.

The master winch is set to maintain a preset tension in the tagline by the control sys-
tem during the lifting and lowering of the load, the preset tension is set to provide a y-
component exceeding the maximum expected wind force. When the tension is de-
creasing below the preset tension the master winch will wind to increase the tension
back to the preset value and when the tension is increasing above the preset tension the
master winch will unwind to lower the tension to the preset value. Rotating the spools

with a rotation speed performs the winding/unwinding. The control system is control-
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ling the spool rotation of the master winch by controlling the winch motor based on
tension sensor measurements, The control system is using the spool rotation sensor

measurement as feedback to verify correct spool rotation.

The at least one slave winch may be set to follow the master winch. In a symmetrical
condition the rotation speed of the slave winch is equal to the rotation speed of the
master winch. In an asymmetrical the rotation speed of the slave winch is not equal to

the rotation speed of the master winch.

When the load is lifted/lowered the distance between the load and the winch or land
will vary. The tension sensor will detect and the changes in tagline tension and con-
tinuously determine the current tagline tension. The control system reacts by directing
the spools of the master winch and slave winch to rotate as necessary to maintain the
preset tension, such that the orientation of the load about the bearing wire is controlled

autonomously.

In another embodiment the method according to the invention is peculiar in that in

step c., the spools are rotated simultaneously.

It is herewith achieved that the load may stay perpendicular to a centreline through the

crane.

In another embodiment the method according to the invention is peculiar in that in
step d., adding/subtracting a rotation speed component to/from the rotation speed ap-
plied to the said at least one slave winch spool, for changing the desired orientation of

the load suspended from the bearing wire about said bearing wire.

It is herewith achieved that the load may be rotated about the bearing wire in a con-
trolled manner even while lifting/lowering the load. Thus, controlling the orientation

of the load about the bearing wire.

It is often necessary to change the orientation of the load in the final stages of the lift-

ing to position the load as necessary.
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By adding a rotation speed component to the rotation speed of the slave winch the
resulting speed will change the sum of torque about the bearing wire such that they no
longer equal zero. The load will rotate about the bearing wire. The master winch will
maintain the preset tension. By the method it is thereby ensured that the rotation is
performed in a controlled manner without exceeding allowed tension limits, As the
rotation is performed by adding to the existing speed of the spool of the slave winch,
the part of the rotation of the spool will follow the master winch. It is therefore possi-
ble to lift or lower the load while rotating and still follow the wind/unwind function as
directed by the change of distance between the winch and the load of a non-rotated

system.

For example the spool of the master winch may rotate with a rotation speed to coun-
teract an increased tension while lifting (unwind). If the Joad is required to rotate in a
direction during the lifting, where the slave winch needs to wind, the rotation speed
component will be opposite directed to the slave winch rotation speed which is follow-
ing the master winch to counteract the tension increase caused by the lifting, thus, the
resulting rotational speed of the slave winch will be slower than the master winch,

ZETO O even opposite.

In a further embodiment of method according to the invention is peculiar in that
changing the desired orientation of the load suspended from the bearing wire about
said bearing wire is based on an input to the control system, wherein said input is ei-

ther based on user input or pre-programmed.

The input is processed by the control system compensated for the influence of lift-

ing/lowering the load while rotating.

The crane operator or other personnel may provide the input on an input console that
1s in communication with the control system. The input may also be based on distance
measuring equipment or pre-programmed, thus allowing for a completely autonomous

lifting.
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In yet a further embodiment the method according to the invention is peculiar in that
the method comprises further steps between step a. and b.:

a’, - providing each winch with winch attachment means for attachment of each winch
10 a support surface,

a"’, - providing a support surface for each winch, and

a’’, - attaching each winch attachment means to each support surface.

It is herewith achieved that the winches may be installed in an easy and simple man-

ner.

The attachment means may preferably be standardized, so that the winch may be in-
stalled on different support surfaces. The attachment means may be by permanent or
non-permanent. For example by welding, by threaded fasteners, by pins or any other

suitable means of attachment.

In another further embodiment the method according to the invention is peculiar in
that the support surface is provided on a crane, the load, a lifting frame, a ship deck or

on the ground.

It is herewith achieved that the same winch arrangement may be used in a number of

different installations, which provides great flexibiiity.

In an embodiment of the invention the support surface is provided on the load or the
lifting frame. The winch is located on the load or on the lifting frame. The taglines are
attached to a land for example a ground anchor, to the crane ballast or another fixed
point at or above ground level. It is thereby possible to apply a controlled torque to the
load about the bearing wire for maintaining the orientation of the load about the bear-
ing wire or for rotating the load about the bearing wire according to the method of the

present invention.

In yet another further embodiment the method according to the invention is peculiar in

that the method further comprises the steps of providing a spool torque sensor means
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for measuring the spool torque and converting the spool torque to tagline tension, for

determining tagline tension.

This is a simple way of determining the tagline tension. The torque sensor may be a
mechanical means of measuring the torque, a hydraulic pressure measurement on hy-

draulic winches and a current measurement on electrical winches.

In a further embodiment the method according to the invention is peculiar in that the
method further comprises the steps of providing a strain gauge on each tagline for
measuring the strain in each tagline and converting the tagline strain to tagline tension,

for determining tagline tension.

This is another way of determining the tagline tension. This solution may provide an

accurate result, but may be more difficult to realise.

In a further embodiment the winch arrangement according to the invention is peculiar
in that the connection between the control system and the sensors and/or the control

system and each winch motor is wireless.

It is herewith achieved that the control system may be located away from the sensors

and winches.

This is especially advantageous because the system does not require electrical wiring
to be applied between the various parts of the system. The system is therefore easy to

install in temporary installations with a minimal installation time.

In a further embodiment the winch arrangement according to the invention is peculiar

in that the control system further comprises an input console.

It is herewith achieved that the crane operator or another user may provide control
input to the system to direct the control system to rotate the load about the bearing

wire,
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The input console may be wired or wirelessly connected to the control system.

Description of the Drawing

The invention will be explained in more detail below with reference to the accompa-

nying drawing, where:

fig. 1

fig. 2
fig. 3
fig. 4

fig. 5

fig. 6

fig. 7
fig. 8

fig. 9

fig. 10
fig. 11
fig. 12
fig. 13

shows a perspective view of a winch arrangement installed on a mobile crane
having a crane boom with a bearing wire and a load suspended from the bear-
ing wire,

shows a perspective view of a master winch and a slave winch,

shows a plan view of the winch arrangement and mobile crane of fig. 1,
shows a side view of the winch arrangement and mobile crane of fig. I,
wherein the load is in a low position,

shows a side view of the winch arrangement and mobile crane of fig. I,
wherein the load is in a higher position,

shows a plan view of the winch amrangement and mobile crane of fig. 1,
wherein the load is in a higher position and the crane boom is rotated,

shows a side view of the winch arrangement and mobile crane of fig. 6,
shows a plan view of the winch arrangement and mobile crane of fig. 6,
wherein the load is rotated about the bearing wire,

shows a side view of the winch arrangement and mobile crane of fig. 8

shows a perspective view of a second embodiment,

shows a plan view of a third embodiment,

shows a plan view of a fourth embodiment, and

shows a plan view of a fifth embodiment.

Detailed Description of the Invention

In the explanation of the figures, identical or corresponding elements will be provided

with the same designations in different figures. Therefore, no explanation of all details

will be given in connection with each single figure/embodiment.
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Fig. 1 shows a perspective view of a winch arrangement 10 installed on a crawler
crane 12 having a crane boom 14 with a bearing wire 16 and a load 18 suspended from

the bearing wire 16. The load 18 is an elongate object.

The crane 12 comprises a substructure 20 with propulsive means 22 and a superstruc-
ture 24, which supports the crane boom 14, The crane boom 14 may be a telescopic
boom. The bearing wire may run from a hoisting winch (not shown) in the superstruc-
ture 24 to the free end 26 of the crane boom 14 over pulleys (not shown). The super-
structure 24 is connected to the substructure via a turntable 28 (see fig. 4, 5, 7 and 9),

such that the superstructure 24 may rotate in relation to the substructure 20.

In the embodiment shown in figs. 1, 3 to 8 the winch arrangement 10, is arranged for
installation onto a crawler crane 12. However, the winch arrangement 10, may also be
arranged for installation on other supports. For example: the ground, a deck of a ship,
a mobile crane, a railroad crane, a floating crane, a truck having a loader crane, the

load, a lifting frame or a tower crane.

In the embodiment shown in figs. 1, 3 to 8 the load 18 is suspended from the bearing
wire 16 via a lifting frame 30. As an alternative the load may be directly connected to

rigging means of the bearing wire 16.

The winch arrangement 10 comprises a control system 31, a master winch 32 and a
slave winch 34. Each winch 32, 34 having winch attachment means 36 for attachment
to corresponding winch attachment means 38 on the crane 12. In the embodiment
shown in figs. 1-8 the master winch 32 is located on the left side of the crane 12 and
the slave winch 34 is located on the right side of the crane 12. In other embodiments

the master winch 32 and the slave winch 34 may be interchanged.

Each winch 32, 34 hold a tagline 40, 42, which are attached to the load 18 by attach-
ment means 44, 46 for attachment to the load 18. In the embodiment shown in figs. 1,
3 to 8 the tagline 40 connecting the master winch 32 to the load 18 is connected to the
load 18 at the left side of the bearing wire 16 in relation to the forward direction of the

crane 12 and the tagline 42 connecting the slave winch 34 10 the load 18 is connected
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to the load 18 on the right side of the bearing wire 16 in relation to the forward direc-

tion of the crane 12.

Winding of the master winch 32 applies a counter clockwise (CCW) torque, as viewed
from above, to the load 18 about the bearing wire 16. Winding of the slave winch 34
applies a clockwise (CW) torque, as viewed from above, to the load 18 about the bear-
ing wire 16. Winding of both winches 32, 34 in such a way, that the CCW torque of
the tagline 40 of the master winch 32 and the CW torque of the tagline 42 of the slave
winch 34 are equal, will apply a resulting torque to the load 18 about the bearing wire

16 which is equal to zero.

When the load 18 is subject CCW torque about the bearing wire 16 the load 18 will
change its orientation about the bearing wire 16 by turning in a CCW direction about
the bearing wire 16. When the load 18 is subject CW torque about the bearing wire 16
the load 18 will change its orientation about the bearing wire 16 by turning in a CW
direction about the bearing wire 16. When the load 18 is subject to a torque equal to
zero about the bearing wire 16 the load 18 will maintain its orientation about the bear-

ing wirc 16.

It is thereby possible to control the orientation of the load 18 when it is suspended

from the bearing wire 16 about said bearing wire 16.

The control system 31 comprises tension sensor means 48 for determining tagline ten-
sion and spool rotation sensor means 50 (see fig. 2) for determining spool rotation.
The control system 31 is controllably connected to each winch motor 52 (see fig. 2)

for controlling spool rotation.

The tension sensor means 48 may be a strain gauge on each tagline. The strain meas-
ured by the strain gauge, may be converted to tagline tension. The tension sensor
means 48 may also be a spool torque sensor means. The spool torque measured by the
spool torque sensor means, may be converted to tagline tension. For example the spool
torque sensor means may be a current measurement device coupled to the winch motor

52 for measuring the current. The current may be converted to spool torque and the
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spool torque may be converted to tagline tension. Another example is a load cell pro-
vided in the winch attachment means 36. The load measured in the load cell may be
converted to tagline tension. A further example is a load cell provided in the tagline
attachment means 44, 46. The load measured in the load cell may be converted to tag-

line tension.

The spool rotation sensor means 50 may detect the rotational speed, the direction of
rotation and the time duration of rotation of the spools 54 (see fig. 2) and thereby de-

termine the current length of the tagline.

Based on the input from the tagline tension sensor means 48 the control system 31 is
able to control the winch motors 58 to rotate the spools 54 (see fig. 2) in order to ten-
sion the taglines 40, 42 to control the torque about the bearing wire 16, such that the
orientation of the load 18 suspended from the bearing wire 16 about said bearing wire
16 is maintained autonomously without input from the user/crane operator. The spool
rotation sensor means 50 provide feed-back to the control system 31 to verify spool

rotation.

Fig. 2 shows a perspective view of the master winch 32 and the slave winch 34. The

winches 32, 34 are shown in a non-installed configuration.

Each winch 32, 34 have a winch motor 52 and a spool 54, which are provided inside a
winch housing 56. The winch motor 52 is driving the spool 54, which is configured
for bi-directional rotation, such that the winch 32, 34 may wind or rewind. A tagline
40, 42 is wound around each spool 54, 56. Each winch 32, 34 may have a wire guiding

arrangement 60 for guiding the tagline 40, 42 onto the spool 54, 56 when rewinding,

In the embodiment shown in fig. 2 each winch 32, 34 have attachment means 36 for

attachment to the ground or a ship deck.

The method of controlling the orientation of the load 18 suspended from the bearing
wire 16 about said bearing wire 16 will be described by example with reference to the

figures shown different steps of the method.
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Fig. 3 shows a plan view of the winch arrangement 10 and mobile crane 12 of fig. 1.
The load 18 is suspended from the bearing wire 16. The orientation of the load 18

about the bearing wire 16 is perpendicular to a centreline 62 through the crane 12.

Fig. 4 shows a side view of the winch arrangement 10 and mobile crane 12 of fig. 1.
The load 18 is in a low position just free of the ground with the bearing wire 16 sup-
porting the weight of the load 18. This would be the starting position for activating the
winch arrangement 10 during lifting of the load 18 to a higher position and the finish-
ing position, where the winch arrangement 10 is de-activated when lowering the load

18 from a higher position and the taglines 40 are disconnected from the load 18.

When the winch arrangement 10 is activated the spools 52 will start rotating in a di-
rection for winding the taglines 40, 42. The tension in the taglines 40, 42 increase. The
control system will continuously measure the tagline tension in the taglines 40, 42
sensed by the tension sensor means 48. When a preset tagline tension 40, 42 is
achieved the control system will interrupt the rotation of the spools 52 by stopping the
winch motors 52. The pretension in the taglines 40, 42 will cause the bearing wire to
be offset from vertical by a small angle, which is not visible on the figures. The forces
of the load 18 will have a vertical component caused by gravity pull and a horizontal
component corresponding to-, but directed opposite, the horizontal component of the

tagline tensions.

When the crane 12 starts lifting the load 18, and thereby starts moving the load in a
vertical direction, the distance between the load 18 and the winches 32, 34 changes.
This will be sensed by the tension sensor means 48 as a change in tagline tension. If
the distance decreases, the tension will decrease and the control system 31 will direct
the winch 32, 34 of the respective tagline 40, 42 wherein the lower tension is sensed,
to wind, such that the tension increase until the preset tension is reached again. If the
distance increases, the tension will increase and the conirol system 31 will direct the
winch 32, 34 of the respective tagline 40, 42 wherein the lower tension is sensed, to

unwind, such that the tension decrease until the preset tension is reached again.
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When the position in fig. 4 is reached after the load 18 has been lowered from a higher
position, the spools rotate 54 in a direction so as to relieve the tagline tension. When
the tagline 40, 42 has been relieved the winch arrangement 10 is de-activated and the

attachment means 44, 46 may be disconnected from the load 13.

The winch arrangement 10 may thereafter be removed from the crane 12 or surface

where it has been installed by disconnecting the winch attachment means 36.

In a condition with zero external forces in the horizontal plane ex from the wind, the
master winch 32 and the slave winch 34 will wind or unwind simultaneously until the

user/crane operator, operates the system to change the orientation of the load.

Wind forces will be countered by the preset tension, which is set to exceed the maxi-

mum expected wind force. Thus, the effect of the wind forces is negligible.

Alternatively it is possible to program the control system such that the nominal preset
tension will be low in normal conditions. If the wind forces are exceeding the preset
tension at the low value the control system may automatically increase the preset ten-
sion to a higher value until a maximum value is reached and the lifting must be termi-

nated because of safety.

Alternatively it would also be possible to establish a communication between the con-
trol system of the winch arrangement and the control system of the crane, such that the
winch arrangement control system may be able to discriminate influences from the

wind and influence from the crane operation on the tagline tensions.

Fig. 5 shows a side view of the winch arrangement 10 and mobile crane 12 of fig. 1.
The load 18 is in a high position. It will be noticed that the distance between the
winches 32, 34 and the load 18 has increased. The winches 32, 34 have unwound the

taglines 40, 42 to maintain the preset tension.
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Fig. 6 shows a plan view and fig. 7 shows a side view of the winch arrangement 10
and mobile crane 12 of fig. 1. The load 18 is in a higher position and the superstruc-

ture 24 with the crane boom 14 is rotated in relation to the substructure 20.

During rotation of the crane boom 14 the load 18 will try to maintain its orientation in
space. However, this is compensated by the tagline tension, which will ensure that the
orientation of the load 18 suspended from the bearing wire 16 about said bearing wire

16 is maintained.

Fig. 8 shows a plan view and fig. 9 shows a side view of the winch arrangement 10
and mobile crane 12 of fig. 6 and 7, wherein the load 18 is rotated about the bearing
wire 16. The load 18 is rotated by rotating the spool 52 of the slave winch 34 accord-
ing to the direction in which the load 18 should turn. The command to rotate the spool

52 of the slave winch is based on an input from a user. For example the crane operator.

Winding the slave winch 34 will apply a CW torque and unwinding the winch will
apply a CCW torque. In fig. 8 the slave winch 34 has been wound to achieve the ro-
tated position of the load 18. While winding the slave winch will cause an increase of
the tension in the tagline 40 of the master winch 32. The tension sensor means 48 will
sense the increased tension and the control system 31 will command the master winch
to unwind. The master winch 32 will unwind and maintain the preset tension in the
tagline 40 of the master winch 32 until the slave winch 34 stops winding. The master
winch 32 will stop and the preset tension in both taglines 40, 42 achieved and the
winch arrangement will maintain the new orientation of the load 18 suspended from

the bearing wire 16 about said bearing wire 16.

If the load 18 is installed to a support structure (not shown) the attachment means 44,
46 between the taglines 40, 42 and the load 18 may be disconnected after the tagline
tension has been relieved, followed by rewinding of the now loose taglines 40, 42 and
de-activation of the winch arrangement 10 and possibly disconnection of the winch
attachment means 44, 46 and removal from the crane 12 or surface where it has been

installed.
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Fig. 10 shows a perspective view of a second embodiment. The master and slave
winches 32, 34 are installed in a configuration where the winches 32, 34 are located on
the ground and placed side-by-side with the taglines 40, 42 attached to the load 18 at
either side of the bearing wire 16. The taglines 40, 42 are preferably attached at or
close to the ends of the load 18, because less force is required to apply the necessary
torque about the bearing wire 16 to control the orientation of the load 18. Alternatively
the taglines 40, 42 may be attached to the load 18 or a lifting frame closer to the centre
of the load I8, but this will increase the forces required to apply the necessary torque

about the bearing wire 16 to control the orientation of the load 18.

The implementation of this second embodiment provides a method and a winch ar-
rangement 10, for controlling the orientation of a load 18 suspended from a bearing

wire 16 about said bearing wire 16 without having to modify the crane 12.

Fig. 11 shows a plan view of a third embodiment. The winch arrangement 10 com-
prises one master 32 and three slave winches 34. The winches are installed in a con-
figuration where the master winch 32 and one of the slave winches 34 is located on the
crane in a side-by-side configuration and two of the slave winches 34 is located on the
ground and placed in a side-by-side configuration opposite the winches on the crane
12. The four taglines 40, 42 are attached two the load 18 in a configuration with two
taglines 40, 42 at one end at opposite sides of the load 18 and two taglines 42, 42 at
the opposite end on opposite sides of the load 18. The taglines 40, 42 are preferably
attached at or close to the end of the load 18, because less force is required to apply
the necessary torque about the bearing wire 16 to control the orientation of the load 18.
Alternatively the taglines 40, 42 may be attached to the load 18 or a lifting frame
closer to the centre of the load 18, but this will increase the forces required to apply

the necessary torque about the bearing wire 16 to control the orientation of the load 18.

The implementation of this third embodiment provides a method and a winch ar-
rangement 10, for controliing the orientation of a load 18 suspended from a bearing
wire 16 about said bearing wire 16 with increased ability to withstand external forces

ex wind forces.
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Fig. 12 shows a plan view of a fourth embodiment, The master and slave winches 32,
34 may be installed in a configuration where the winches 32, 34 are located on the
ground and placed opposite each other with the taglines 40, 42 attached to the load 18
at one side of the bearing wire 16. The taglines 40, 42 are preferably attached at or
close to the end of the load 18, because less force is required to apply the necessary
torque about the bearing wire 16 to control the orientation of the load 18, Alternatively
the tagiines 40, 42 may be attached to the load 18 or a lifting frame closer to the centre
of the load 18, but this will increase the forces required to apply the necessary torque

about the bearing wire 16 to control the orientation of the load 18.

The implementation of this fourth embodiment provides a method and a winch ar-
rangement 10, for controlling the orientation of a load 18 suspended from a bearing

wire 16 about said bearing wire 16 without having to modify the crane 12.

Fig. 13 shows a plan view of a fifth embodiment. The master and slave winches 32, 34
is installed on a support surface provided on the load 18 and attached to the load 18
with attachment means 36, 38. The attachment means 44, 46 of the taglines 40, 42 are
connected to a land 68 on the ground. By selectively winding/unwinding the winches
32, 34 the orientation of the bearing wire 16 about the bearing wire 16 is controlled. A
user 64 is providing user input to the control system 31 through an input console 66,

which 1s wirelessly connected to the control system 31.

The master and slave winches 32, 34 may be attached to the lifting frame instead of

the load.

The implementation of the fifth embodiment provides a method and a winch arrange-
ment 10, for controlling the orientation of a load 18 suspended from a bearing wire 16

about said bearing wire 16 without having to modify the crane 12.
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Patentkrav

1. Fremgangsméde til styring af orienteringen af en last (18), som er ophangt fra en
beerewire (16), omkring barewiren (16), omfattende fglgende trin:

a. — tilvejebringe et spilarrangement (10) omfattende et masterspil (32), mindst et sla-
vespil (34) samt et spilstyringssystem (31), hvor hver af spillene (32, 34) har en spil-
motor (38) samt en tovejs roterbar spole (54) med en styreline (40, 42), hvori hver
styreline (40, 42) er forsynet med et fastggrelsesorgan (44, 46), hvori styrelinerne (40,
42) er indrettet til paforing af et kontrolieret moment pa lasten (18) omkring baerewi-
ren (16), og hvori styresystemet (31) omfatter spendingsfglerorganer (48) til at be-
stemme styrelinespending samt spolerotationsfglerorganer (50) til at bestemme spole-
rotationen, og hvori styresystemet (31) er styrbart forbundet med hver spilmotor (58)
for styring af spolerotationen,

b. — placere spillet (32, 34) fri af lasten (18) og forbinde fastggrelsesorganet (44, 46) til
lasten (18), eller

b. — placere spillet (32, 34) pa lasten (18) og forbinde fastggrelsesorganet (44, 46) til
en forankring (68),

c. - rotere spilspolerne (54) indtil forindstillede styrelinespazndinger fgles af spzn-
dingsfglerorganerne (48),

d. — om ngdvendigt under vandret og/eller lodret bevzgelse af lasten (18) rotere spo-
lerne (54) med en rotationshastighed til at holde en @nsket orientering af lasten (18),
som er ophengt i baerewiren (16), omkring barewiren (16) pa basis af de bestemte
styrelinespandinger,

e. — fjerne styrelinespndingen ved rotering af spolerne (54), og

f. — afmontere fastggrelsesorganet (44, 46).
2. Fremgangsméde ifglge krav 1, hvori spolerne (54) i trin c. roteres samtidigt.

3. Fremgangsmade ifglge krav 1 eller 2, hvori der i trin d. tilfgjes/fratrekkes en rotat-
tionshastighedskomponent til/fra den til den mindst ene slavespilspole (54) patrykte
rotationshastighed for @ndring af den gnskede orientering af lasten (18), som er op-

hzngt i1 barewiren (16), omkring berewiren (16).
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4. Fremgangsmade ifglge krav 3, hvori ®ndring af den gnskede orientering af lasten
(18), som er ophangt i berewiren (16), omkring bazrewiren (16) er baseret pa et input
1 styresystemet (31), hvori dette input enten er baseret pa et brugerinput eller et forpro-

grammeret input.

5. Fremgangsmade ifglge krav 1, 2, 3 eller 4, hvori fremgangsmaden yderligere omfat-
ter trin mellem trin a. og b.:

a’. — forsyne hvert spil (32, 34) med et spilfastggrelsesorgan (36) til fastggrelse af
hvert spil (32, 34) til en understgtningsflade,

a’’. - tilvejebringe en understgtningsflade for hvert spil (32, 34), og

a’’. - fastgpre hvert spilfastggrelsesorgan (36) til hver understgtningsftade.

6. Fremgangsméde ifglge krav 5, hvori understgtningsfladen er tilvejebragt pa en kran

(12), lasten (18), en lgfteramme (18), et skibsdzk eller pé jorden.

7. Fremgangsmade ifglge ethvert af de foregdende krav, hvori fremgangsméden yder-
ligere omfatter trinene at tilvejebringe et spolemomentfgleorgan til méling af spole-
momentet og konvertere spolemomentet til styrelinespanding til bestemmelse af styre-

linespending,

8. Fremgangsméde ifglge ethvert af krav 1 — 6, hvori fremgangsmaden yderligere om-
fatter trinene at tilvejebringe en straingauge pé hver styreline til maling af tgjningen i
hver styreline og konvertere styrelinetgjningen til styrelinespaending til bestemmelse af

styrelinespending.

9. Spilarrangement (10) til styring af orienteringen af en last (18), som er ophzngt i en
barewire (16), omkring barewiren (16), omfattende et masterspil (32), mindst et sla-
vespil (34) og et spilstyresystem (31), hvor hver af spillene (32, 34) har en spilmotor
(58) samt en tovejs roterbar spole (54) med en styreline (40, 42) , hvori hver styreline
(40, 42) er forsynet med et fastggrelseorgan (44, 46) til fastgarelse til lasten {18) og til
pafaring af et kontrolleret moment pé lasten {18) omkring brewiren (16), kendeteg-
net ved, at styresystemet (31) omfatter spendingsfelerorganer (48) til at bestemme

styrelinespanding samt et spolerotationsfglerorgan (50) ul at bestemme spolerotatio-
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nen, og hvori styresystemet {31) er styrbart forbundet med hver spilmotor (58) for sty-

ring af spolerotationen.

10. Spilarrangement (10) ifglge krav 9, hvori forbindelsen mellem styresystemet (31)

og felerne (40, 50) og/eller styresystemet (31) og hver spilmotor (58) er tradlgs.

11. Spilarrangement ifglge krav 9 eller 10, hvori styresystemet (31) yderligere omfatter

en styrepult (66).

12. Anvendelse af en fremgangsmade ifglge ethvert af krav 1 til 8 samt et spilarran-
gement (10) ifelge ethvert af krav 9 til 11 til styring af orientering af et vindturbine-
blad, tarelementer eller prafabrikerede betonelementer til bygninger, og som er op-

haengt fra en berewire (16), omkring berewiren (16).
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Fig. 6




DK 177006 B1




DK 177006 B1

Fig. 8
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Fig. 11
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