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Description

Attachment tool for connecting a crane hook to a wind turbine
blade, attachment arrangement and method for lifting a wind
turbine blade

The invention relates to an attachment tool for connecting a
crane hook to a wind turbine blade. Furthermore, the inven-
tion relates to an attachment arrangement and to a method for

lifting a wind turbine blade.

The on-site assembly of wind turbine blades comprises steps
of lifting the wind turbine blades on top of the wind turbine
tower. Normally, the wind turbine blades are mounted to the
hub on the ground, wherein afterwards the hub and the blades
are lifted simultaneously to the top of the tower of the wind
turbine. Therefore, special sockets for enabling a fixation
of the wind turbine blades to the hub are used. Alternative-
ly, the blades can be lifted towards a hub, which has previ-
ously been arranged on top of the tower, wherein a wind tur-
bine blade is lifted towards the lowest position, or 6-
o’clock position, respectively, of the hub using a crane. Af-
terwards, the remaining two blades can be lifted towards the
10-o’clock position and the 2-o’clock position completing the
rotor. Alternatively, each blade is oriented horizontally and
attached to the hub in a 3-o’clock position, or 9-o’clock po-
sition, respectively, wherein after attachment of one blade,

the hub is rotated prior to the fixation of the next blade.

However, these mounting procedures are tedious and require
special equipment including a socket for mounting the blades
to the hub or a crane with a height higher than the tower of
the wind turbine, in particular when the blades are lifted in

the 2-o’clock position or the 10-o’clock position.

It is therefore an object of the invention to provide an at-

tachment tool for connecting a crane hook to a wind turbine



10

15

20

25

30

35

WO 2020/127478 PCT/EP2019/085944

blade which facilitates the mounting procedure of the blade

during the assembly of the wind turbine.

According to the invention, this object is achieved by an at-
tachment tool as initially described, which comprises a main
portion, wherein the main portion comprises a lower portion
with a first fixation means fixable to a root-side end por-
tion of the blade so that the main portion protrudes to the
side of the blade, wherein an attachment portion is attached
to an upper portion of the main portion, wherein a first end
of a boom is attached to the attachment portion, so that the
boom is protruding from the main portion in an angle smaller
than 180°, wherein at least one second fixation means is at-
tached to the attachment portion and/or a second end of the
boom opposite the attachment portion, wherein a weight ele-
ment is attached to the attachment portion or to the second

end of the boom.

The attachment tool can be attached to the blade using the
first fixation means. The first fixation means is connected
to a root-side end of the blade, wherein the root-side end
designates the end of the blade, which is opposite to the
tip-side end and hence the end of the blade which is connect-
able to the hub of the wind turbine. The blade is attached to
the hub for instance by a flange mounted on the root-side
end. The fixation of the attachment tool to the root-side end
portion of the wind turbine blade has the advantage that the
geometry of the root-side end of different wind turbine
blades is equal for different types of wind turbine blades,
since normally the same type of hub, or of a connecting
flange to the hub, respectively, is used. Therefore, the same
attachment tool can be used for different types of blades
that differ in their geometry and/or their features between
the root-side end portion and the tip of the blades. Advanta-
geously, an attachment of the attachment tool to the blade is
possible independently of geometrical sizes like length, di-
ameter or the shape of the cross-sectional profile of the
blade. Additionally, the fixation of the attachment tool to
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the blade is independent of further features of the blade
like for instance the presence of an edge protection, a
weight distribution and/or the location of a center of gravi-

ty of the blade, respectively.

The first fixation means of the attachment tool is attached
to a lower portion of the main portion of the attachment
tool, wherein the main portion protrudes to the side of the
blade in a mounted state of the attachment tool. On the upper
portion of the main portion, the attachment portion is at-
tached to the main portion. The main portion can be for in-
stance a main plate or a main frame. Also the attachment por-
tion can be realized as an attachment plate or an attachment

frame.

Using the attachment portion, the boom of the attachment tool
can be attached to the main portion so that the boom is pro-
truding from the main portion in an angle smaller than 180°.
Additionally, a weight element is attached to the attachment
portion opposing the boom or to the second end of the boom
opposing the first end of the boom, which is attached to the
attachment portion. Furthermore, at least one second fixation
means 1s attached to the attachment portion and/or the second
end of the boom, wherein the second fixation means can be at-

tached to the crane hook.

The boom protruding from the main portion under an angle
smaller than 180° forms a lever in between the second fixa-
tion means or the weight and the root-side end of the blade.
By connecting the second end of the boom to the weight ele-
ment and/or via the second fixation means to the crane hook,
the center of gravity of an arrangement comprising a wind
turbine blade attached to the attachment tool is significant-
ly different from the center of gravity of the blade alone.
This change in the center of gravity depends on the length of
the boom, the mass of the weight element as well as on the
position of the weight element and the second fixation means

used for the attachment of the crane hook.
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The usage of the attachment tool has the advantage that the
center of gravity of an arrangement comprising the attachment
tool and the blade can be adjusted in such manner that the
blade orients itself either towards a 12-o’clock position or
towards a 4-o’clock or 8-0o’clock position, respectively, once
it has been lifted by the crane. This allows mounting the
blade easily in either the 12-0o’clock position or the 4-
o’clock position, or the 8-o’clock position, respectively, on
the hub. During lifting, the blade orients itself due to
gravity in dependence of the position of the mutual center of
gravity of the blade and the attachment tool. The blade can
orient in such manner that its root-side end, which comprises
in particular a flange for fixation to the hub, is directed
towards the hub. Hence for mounting in the 12-o0'clock posi-
tion, the blade orients itself or turns in such manner that
the root-side end is pointing downwards so that it can be
fixed to the hub. Correspondingly, for the 4-o’clock position
and the 8-o’clock position, the blade can orient in such man-
ner that the root-side end is tilted 60° from the perpendicu-
lar allowing fixation to the hub in either the 4-o’clock or

the 8-0o’clock position.

Besides the compatibility for different blade types, the at-
tachment of the attachment tool on the root-side end of the
blade has the further advantage that the crane used to 1lift
the blade in the 12-0’clock position must not be significant-
ly higher than the hub of the wind turbine blade, since the
attachment position of the crane hook at the attachment tool
mounted to the root-side end portion of the wind turbine
blade is essentially at the same level as the hub, which in
particular allows to use the same crane for mounting of the
hub and the wind turbine blade without the need for a crane
which height exceeds significantly the height of the hub of

the wind turbine.

The crane used for lifting the wind turbine blade can be for

instance a mobile crane attached to a vehicle or a vessel
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stationed in the vicinity of the wind turbine to which the
blade shall be lifted. Besides the lifting of the blade onto
the tower, the attachment tool can also be used vice versa
for lowering a blade from a wind turbine to the ground using
the crane. However, for reasons of comprehensibility, it is
referred in the following only to a lifting or assembly pro-
cess, although the attachment tool can be used corresponding-

ly for a lowering or disassembly process as well.

Depending on the position of the weight element and the sec-
ond fixation means used for attachment of the crane hook,
different mounting positions are possible. This allows for
attaching the wind turbine blade both in a 12-o'clock posi-
tion and in a 4-o’clock position, or an 8-o’clock position,
respectively depending on the embodiment or the configuration
of the attachment tool. The ability to mount a blade in dif-
ferent positions has the advantage that the hub does not have
to be turned during the assembly of the rotor, since the
blade can be lifted and attached to a hub fixed in a station-

ary position.

The second fixation means can be a counterpart for the crane

hook and can, for instance, be or comprise a loop or the like
for connecting the attachment tool to the crane. It is possi-
ble that the attachment tool comprises a plurality of second

fixation means, wherein a second fixation means is chosen de-
pending on the orientation, which the lifted blade shall oc-

cupy during lifting.

The boom can protrude from the main portion in an angle
smaller than 180° either in the direction of the tip of the
blade or it can protrude from the main portion in the direc-
tion of the root-side end of the blade. It is possible that a
boom protruding in the direction of the root-side end pro-
trudes beyond the root-side end of the blade.

Preferably, the boom comprises a plurality of boom segments,

which are detachably attached to each other, and/or the boom
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comprises at least one extendable telescope portion. The pro-
vision of a plurality of boom segments and/or of at least one
extendable telescope portion of the boom allows for adapting
the length of the boom and therefore the center of gravity of
an arrangement comprising the attachment tool and a blade to
which the attachment tool has been attached. The change in
the length of the boom causes a different lever between the
second fixation means on the second end of the boom or the
welght element attached to the second element of the boom,
respectively, so that the orientation of a lifted blade can
be adapted depending on the blade geometry and depending on
the position of the hub to which the blade shall be lifted.

In a preferred embodiment of the invention, the attachment
portion is pivotably hinged to the main portion. This has the
advantage that the angle between the attachment portion and
the main portion can be changed by pivoting the attachment
portion or the main portion, respectively. Consequently, also
the angle between the boom protruding from the attachment
portion and the blade, to which the main portion is attached,
can be changed. The changeability of the angle enables a fur-
ther measure to adjust the center of gravity of an arrange-
ment comprising the attachment tool and the wind turbine
blade. After pivoting, the attachment portion and the main
portion can be fixed against each other, so that the angle
adjusted by pivoting is maintained during lifting of the at-

tachment tool or the blade, respectively.

Preferably, the attachment tool comprises at least one actua-
tor, in particular a hydraulic actuator or a pneumatic actua-
tor or an electrical actuator, wherein the angle between the
attachment portion and the main portion is adjustable by ac-
tuation of the actuator. The attachment portion and the
frame, which are for instance connected by at least one
hinge, can be actuated using the actuator so that the angle
between the attachment portion and the main portion can be
adjusted. Furthermore, for instance by using the hydraulic

actuator or a pneumatic actuator or an electrical actuator, a
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fixation of the attachment portion and the main portion after
pivoting can be achieved. The actuator can for instance be
controlled by a control unit of the attachment tool or by an

external control unit connected to the at least one actuator.

Preferably, the main portion comprises two side struts ex-
tending between the lower portion of the main portion to the
upper portion of the main portion, wherein the side struts
are supported against each other by at least one supporting
strut. The side struts can extend from the first fixation
means attached to the lower portion of the main portion to
the upper portion of the main portion, which is attached to
the attachment portion. The side struts of the main portion
can protrude from the side of the blade under an angle, for
instance under an angle of between 45° and 135°, in particu-
lar 90° or essentially 90°. The side struts of the main por-
tion are supported against each other by at least one sup-
porting strut, wherein the at least one supporting strut in-
creases the stability of the main portion and supports each
of the side struts against the respective other side strut.
The at least one supporting strut can be arranged in between
the side struts. It is also possible, that additional sup-
porting struts are provided, which connect the at least one

supporting strut to each of the side struts.

In a preferred embodiment of the invention, the attachment
tool comprises two actuators, wherein each actuator is at-
tached to a lever strut protruding from the attachment por-
tion. The actuators, which are each for instance a pneumatic
actuator, a hydraulic actuator or an electrical actuator, can
be attached with one end to the lever strut protruding from
the attachment portion and with their respective other end to
a side strut and/or a supporting strut of the main portion.
By actuation of the actuators, the actuators can for instance
expand so that the angle between the attachment portion and
the main portion can be adjusted. It is in particular possi-
ble, that the attachment portion is pivotably hinged to the

main portion, so that by actuation of the actuator due to
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fixation of the actuator between the side strut of the main
portion and the lever strut of the attachment portion, the
angle between the attachment portion and the main portion can
be adjusted. The two actuators can be fixated in particular
on the same side of the attachment portion each to one of the
side struts and each to a lever strut protruding from the at-

tachment portion.

Preferably, the lower portion of the main portion comprises
an edge adapted to encompass a segment of the circumference,
in particular a segment between 90° and 180°, of a root-side
end portion of a wind turbine blade. The first attachment
portion of the attachment tool can be attached for instance
to the edge of the lower portion of the main portion so that
an attachment of the fixation means to the wind turbine blade
can occur in between a part of or the entire segment of the
blade circumference encompassed by the edge. Providing an en-
compassing of a segment of the circumference between 90° and
180° enables reversibly fitting of the main portion around
the root-side end portion of a wind turbine blade, which can
have in particular a circular cross section in its root-side
end portion. By providing the first fixation means at or
around the edge encompassing the segment of the circumfer-
ence, a stable and secure fixation of the attachment tool to

the root-side end portion of the blade can be obtained.

Preferably the first fixation means comprises at least one
clamping unit, wherein the clamping unit comprises a curved
first portion fixed to the main portion and a curved second
portion relatively movable to the first portion between an
open position and a closed portion of the clamping unit. The
curved first portion can be fixed for instance to the lower
portion of the main portion, in particular to an edge, which
is adapted to encompass a segment of a circumference of the
root-side end portion of the blade. The curved second portion
is relatively movable to the first portion and can be moved
between an open position, in which the attachment tool can be

attached to or removed from the root-side end portion of the
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blade, and a closed portion, in which the attachment tool is
fixed to the blade. By using a first fixation means which
comprises at least one clamping unit, a removable attachment
of the attachment tool to the wind turbine blade becomes pos-
sible. This allows for using the attachment tool for the
mounting of a plurality of blades. Furthermore, by the at
least one clamping unit, an attachment of the attachment tool
to the blade is easily possible and can be conducted without

causing any damage to the blade.

In a preferred embodiment of the invention, the second por-
tion is pivotably hinged to the first portion, wherein the
first portion and the second portion are adapted to encompass
the entire circumference of the root-side end portion of the
blade in a closed state of the clamping unit. By pivotably
hinging the second portion of the clamping unit to the first
portion of the clamping unit, the clamp can be opened or
closed, respectively, by pivoting the second portion. It is
for instance possible that the second portion is hinged with
one end to the first portion, wherein an opposing end of the
second portion can be fixed on the opposing end of the first
portion in a closed state of the clamp, so that an unintended
opening of the clamp can be prevented. By encompassing the
entire circumference of the root-side end portion of the
blade, a stable and secure fixation of the attachment tool to
the blade is enabled. It is in particular possible that the
blade tilts slightly inside the closed clamp during lifting,
so that the lifted blade can not move relatively to the at
least one clamping unit enabling the previously described
self-orientation of the arrangement comprising the blade and
the attachment tool.

In an alternative embodiment of the invention, the first por-
tion is adapted to encompass a segment of the circumference
of the root-side end portion of the blade, wherein the second
portion is arranged on the first portion and encompasses the
first portion at least partly, wherein the second portion

comprises a projection overlapping an edge of the first por-
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tion. Thereby, the clamping function of the clamping unit can
be obtained in between the projection of the second portion
and the edge of the first portion. For instance, a structure
protruding from the root-side end portion of the blade can be
clamped in between the first portion and the second portion
of the clamping unit, so that the blade can be fixed to the

attachment tool.

Preferably, the attachment tool is arranged to the blade in
such manner that the first portion of the clamping unit abuts
smoothly on the outer circumference of the root-side end por-
tion of the blade, so that a large contact area in between
the blade and the first portion of the clamping unit is ob-
tained. By providing a large contact area, the occurrence of
damage to the blade, for instance induced by a tilting of the
blade during lifting, can be prevented. It is in particular
possible that the fixation means comprises a plurality of
clamping units, wherein each first portion of the clamping
unit abuts a different segment of the circumference of the
root-side end portion of the blade. The different segments,
or the first portions, respectively, can abut each other
around the circumference or they can be spaced from each oth-
er. Preferably, all segments encompassed by one or more first
portions of one or more clamping units of the fixation means
encompass between 90° and 180° of the outer circumference of
the root-side end portion of the blade. It is possible that
additional parts of the wind turbine, which are lifted to-
gether with the blade like for instance a blade bearing cov-
er, comprise each one or more recesses for accommodating the

at least one clamping unit during lifting.

Preferably, the edge of the first portion and the projection
of the second portion each comprise a toothed profile, where-
in the toothed profiles encompass a plurality of openings in
a closed state of the clamping unit. The openings can be for
instance circular openings for accommodating protruding ele-
ments in the root-side end portion like bolts attached to the

blade. In particular, the openings can be equidistantly
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spaced, wherein in between the openings contact areas are ob-
tained, in which the toothed profile of the first portion and
the toothed profile of the projection abut each other. The
toothed profile can also be described as a serrated profile
or a dentated profile, respectively. The shape of the open-
ings encompassed by the toothed profiles can have a cross
section that matches the cross section of bolts or other fix-
ation means protruding from the root-side end portion of the
blade. By grabbing the elements protruding from the root side
end portion in between the edge of the first portion and the
projection of the second portion of the clamping means, the
blade can be fixed to the at least one clamping unit. By us-
ing a plurality of clamping units distributed for instance in
between 90° or 180° of the circumference of the root-side end
of the blade, a stable and secure fixation is obtained.
Hence, depending on the length of the protruding elements, an
unintended sliding of the blade out of the clamping unit can

be prevented.

Preferably, the clamping unit comprises at least one actua-
tor, in particular a hydraulic actuator or a pneumatic actua-
tor or an electrical actuator, to move the second portion be-
tween an open position and a closed position of the clamping
unit and/or the clamping unit comprises a locking means for
locking the clamping unit in a closed position. By the at
least one actuator of the clamping unit, the second portion
can be moved relatively to the first portion, so that the
clamping unit can be opened or closed using the actuator. The
at least one actuator can for instance pivot a pivotably
hinged second portion relatively to the first portion. It is
also possible that by the at least one actuator, a second
portion arranged on the first portion is moved relatively to
the first portion, so that a protruding element of the wind
turbine can be clamped in between the projection of the sec-

ond portion and the edge of the first portion.

The attachment tool can comprise a locking means for locking

the clamping unit in a closed position. The locking means can
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comprise for instance a bar or a ledge, which locks the clamp
in its closed position, so that an unintended opening of the
clamp is prevented in case of a malfunction of the actuator
like the loss of hydraulic or pneumatic pressure or of an

electrical supply, respectively.

In a preferred embodiment of the invention, the clamping unit
comprises at least one sensor to detect the current position
of the clamping unit. The sensor can for instance be connect-
ed to a control unit of the attachment tool or to an external
control unit, respectively. By the sensor, the state of a
clamping unit can be detected, so that in particular a remote
control of the attachment tool is possible and an opening or
closing of the clamping unit of a blade already lifted to the
hub of the wind turbine blade can be surveilled. In particu-
lar, each clamping unit of the fixation means can comprise a
sensor, so that the state of all clamping units can be con-

trolled during operation of the attachment tool.

Preferably, the boom is detachably attached to the attachment
portion and/or the weight element is detachably attached to
the attachment portion or to the boom. By detachably attach-
ing the boom and/or the weight element, a reconfiguration of
the attachment tool becomes possible. It allows for instance
to configure one attachment tool either for lifting a wind
turbine blade in the 12-o’clock position or for lifting a
wind turbine blade in the 4-o’clock or the 8-o’clock posi-
tion, respectively. This has the advantage that for the as-
sembly of a wind turbine rotor, only one attachment tool has
to be brought to the construction site reducing the required
transport capacity. Furthermore, it is possible that booms of
different lengths and/or weights with different masses are
used for the attachment tool, so that an adaption of the at-
tachment tool to the geometry and the features of the blades
that should be mounted can be obtained. The boom can be at-
tached for instance to the attachment portion to protrude in

the direction of the tip of the wind turbine blade or to pro-
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trude towards or over the root-side end of the wind turbine
blade.

The weight element can be attached to the second end of the
boom opposing the attachment portion or to the attachment
portion at a side opposing the first end of the boom. The
different configurations regarding the position of the weight
element and/or of the boom as well as the mass of the weight
element and the length of the boom allow for adjusting the
center of gravity of an arrangement comprising the attachment
tool and a blade. It is also possible that the position of
the second fixation means used for attaching the attachment
tool to the crane hook can be detachable, so that also one
second fixation means can be used, whose position on the at-
tachment tool can be changed during the configuration of the

attachment tool.

Preferably, the weight element is a solid body or the weight
element is or comprises a container fillable with liquid. The
weight element can be a solid body, for instance a concrete
welght element as it is used in cranes to establish a coun-
terweight to a lifted object. It is also possible, that the
weight element is or comprises a container fillable or filled
with a liquid, for instance water, which has the advantage
that the mass of the weight element can easily be adjusted by
the amount of liquid filled into the container. Furthermore,
using a weight element which is or comprises a container has
the advantage that the water can be removed from the contain-
er prior to a transport of the weight element for reducing
the transport capacity needed for the assembly of a wind tur-

bine rotor.

An attachment arrangement according to the invention compris-
es a wind turbine blade and an attachment tool according to
the invention, which is attached or attachable to the wind
turbine blade.
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Depending on the embodiment of the attachment tool, the blade
may comprise a plurality of elements protruding from its cir-
cumference in a root-side end portion of the blade. The pro-
truding elements can be for instance bushings with a protrud-
ing section protruding from the outer circumference of the
root-side section of the blade. The bushings can be for in-
stance used to fix bolts or screws that protrude from the
root-side end in an axial direction of the blade used for at-
taching the blade to the hub of the wind turbine. It is also
possible that the wind turbine blade comprises a flat surface
without protruding elements in its root-side end portion,
wherein the attachment tool comprises a clamping unit with a
movable second portion pivotably hinged to a fixed first por-
tion of the clamping unit encompassing the entire circumfer-

ence of the root-side end portion of the blade.

A method for fixing a wind turbine blade according to the in-
vention uses an attachment tool according to the invention,
wherein the attachment tool is coupled to the blade and a
crane hook of a crane is coupled to the attachment tool,
wherein the blade is lifted by the crane, wherein the boom
protrudes from the main portion beyond the root-side end and
the weight element is attached to the second end of the boom,
or wherein the boom protrudes from the main portion towards a
tip-side end of the blade and the weight element is attached

to the attachment portion.

In the first configuration, wherein the boom protrudes from
the main portion beyond the root-side end of the blade and
the weight element is attached to the second end of the boom,
the crane hook can be attached to a second fixation means of
the attachment tool arranged on the attachment portion, in
particular on a side opposite the first end of the boom. In
this first configuration of the attachment tool, the center
of gravity of the blade and the attachment tool can be shift-
ed in such manner that the blade orients itself according to
the 12-o’clock position, since the weight element attached to

the second end of the boom causes a turning of the blade dur-
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ing lifting, so that the root-side end of the blade is ori-
ented towards the 12-o’clock position on the hub. After 1ift-
ing the blade above the hub, the blade can be connected to
the hub without an additional aligning of the blade since it
is already oriented correctly for mounting in the 12-o'clock

position.

In the second configuration, wherein the boom protrudes from
the main portion towards the tip-side end of the blade and
the weight element is attached to the attachment portion, the
center of gravity of the arrangement comprising the attach-
ment tool and the blade can be changed in such manner that
the root-side end of the blade orients itself towards the 4-
o’clock position or the 8-o’clock position, respectively. The
angle under which the blade has to orient towards the hub is
equal for the 4-o’clock and the 8-0o’clock position, only the
orientation of the blade towards the wind turbine has to be
changed. This can occur for instance by grabbing differently
oriented blades on the ground for mounting them on the 4-

o’clock or the 8-o’clock position, respectively.

In the second configuration, the crane hook can be attached
to a second fixation means which is attached to the second
end of the boom. While lifting the arrangement, the boom
works as a lever allowing for a turning of the turbine blade
during lifting and therefore for a self-orientation of the
blades depending on the position of the center of gravity of

the arrangement comprising the attachment tool and the blade.

In both configurations, the position of the center of gravity
and therefore the orientation of the lifted blade, hence of a
blade which has no ground contact anymore, can be adjusted by
the length of the boom and/or by the mass of the weight ele-
ment. Additionally, if an attachment tool is used, which al-
lows the adaption of an angle between the attachment portion
and the main portion, also an adaption of the angle between
the boom and the main portion or the boom and the lifted

blade, respectively, 1s possible to adjust the position of
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the center of gravity of the entire arrangement or the orien-
tation of the blade, respectively. By adjusting the center of
gravity, the orientation of the lifted blade towards the hub
of the tower can be determined. Besides the orientation to-
wards the 12-o’clock position or the 4-o’clock, or 8-o'clock
position, respectively, any other orientation of the blade
towards the hub can be obtained, so that the blade can be
mounted for instance in a 4-o’clock or 5-o’clock positon or

any other position around the hub.

Preferably, an attachment tool comprising at least one actua-
tor to adjust the angle between the attachment portion and
the main portion is used, wherein the angle is adjusted in
dependence of a wind induced movement and or a wind induced
deflection of the lifted blade. Therefore, the actuator can
for instance be coupled to an external control unit or to a
control unit of the attachment tool, respectively. The actua-
tion of the actuator can occur in dependence of a wind in-
duced movement or a wind induced deflection of the lifted
blade for correcting the orientation of the lifted blade once
it approaches the hub of the wind turbine blade. For in-
stance, the control unit controlling the actuation of the at
least one actuator can comprise or be connected to a wind
sensor of the attachment tool, so that the at least one actu-
ator can be controlled in dependence of a wind induced move-

ment and/or a wind induced deflection of the lifted blade.

All advantages and features described in relation to the at-
tachment tool according to the invention apply corresponding-
ly for both the attachment arrangement and the method for

lifting a wind turbine blade according to the invention.
Additional advantages and details of the invention become ev-
ident from the embodiments discussed below as well as from

the figures. The figures are schematical and show:

Fig. 1 a wind turbine assembly situation,
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Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
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a first embodiment of an attachment tool according

to the invention,

a detailed view on a first embodiment of a clamping
unit of an attachment tool according to the inven-

tion,

a detailed view on a second embodiment of a clamp-
ing unit of an attachment tool according to the in-

vention,

a side view of an attachment arrangement according
to the invention comprising a wind turbine blade
and the first embodiment of an attachment tool ac-

cording to the invention,

the orientation of the attachment arrangement of
fig. 5 after lifting the blade,

an attachment arrangement comprising a wind turbine
blade and a second embodiment of an attachment tool

according to the invention, and

the orientation of the attachment arrangement of
fig. 7 after lifting the blade.

Fig. 1 schematically depicts a constructing situation of a

wind turbine 1. The wind turbine 1 comprises a hub 2 to which

three wind turbine blades 3 shall be mounted using a crane 4.
One of the blades 3 shall be mounted in the 12-0o’clock posi-

tion 5,

wherein the other two wind turbine blades 3 shall be

mounted in the 4-0o’clock position 6 and the 8-o0o’clock posi-

tion 7.

The position of the wind turbine blades 3 in the 12-

o’clock position 5 as well as in the 4-o’clock position 6 and

the 8-o’clock position 7 is schematically depicted by the

dashed lines. The crane 4 is depicted schematically as a ve-

hicle-based crane stationed in the vicinity of the wind tur-

bine 1.

Besides a vehicle-based crane, also a vessel-based
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crane, for instance on a jack-up vessel, can be used. The
crane 4 comprises a crane hook 8 for lifting the wind turbine
blades 3 to a height level corresponding to the hub 2 of the
wind turbine 1. The coupling of the crane hook 8 to each of
the wind turbine blades 3 occurs using an attachment tool as

it is depicted for instance in fig. 2.

In fig. 2, a first embodiment of an attachment tool 9 is
shown. The attachment tool 9 is attached to a root-side end
portion 10 of the blade 3. The attachment tool 9 comprises a
main portion 11 and an attachment portion 12, which is pivot-
ably hinged to the main portion 11 using the hinges 13. The
main portion 11 is constructed as a main frame and comprises
two side struts 14, which extend from a lower portion 15 of
the main portion 11 towards an upper portion 16 of the main
portion 11. Each of the side struts 14 is coupled to one of
the hinges 13, wherein the hinges 13 are coupled to the at-
tachment portion 12, which is also realized as an attachment

frame.

Between each of the side struts 14 an actuator 18 is coupled
to a lever strut 17 protruding from the attachment portion
12. In this embodiment, the actuator 18 is a hydraulic actua-
tor. Alternatively, one or both of the actuators 18 can be
pneumatic actuators and/or electrical actuators, respective-
ly. By actuation of the actuators 18, an angle between the
attachment portion 12 and the main portion 13 of the attach-

ment tool 9 can be adjusted.

The main portion 9 comprises an edge 19 abutting the side
struts 14 at the lower portion 15 of the main portion 11. The
edge 19 partly encompasses a circumference of the root-side
end portion 10 of the wind turbine blade 3. To the edge 19, a
fixation means 20 comprising three clamping units 21 is at-
tached. The main portion 11 is attached by the first fixation
means 20 to the root-side end portion 10 of the blade 3. The
main portion 11 of the attachment tool 9 protrudes towards a

side of the wind turbine blade 3. The attachment tool 2 com-
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prises a plurality of supporting struts 22, which are ar-
ranged in between the side struts 14, the lever struts 17 and
the edge 19.

To the attachment portion 12 of the attachment tool 9, a boom
23 1s attached with its first end 24, so that the boom 23
protrudes from the main portion 11 in an angle smaller than
180°. On a second end 25 of the boom 23, which is opposing
the first end 24 of the boom 23, a second fixation means 26
is attached. The second fixation means 26 comprises a loop,
wherein the loop is adapted to be coupled to the crane hook 8

of the crane 4.

On an opposing side of the attachment portion 12, a weight
element 27 is attached to the attachment portion 12. The
welght element 27 can be for instance a solid object, like a
concrete weight element, or the weight element 27 can be or
comprise a container which is fillable with a liquid to ad-
just the mass of the weight element 27. It is in particular
possible, that the weight element 27 comprises a mass or a
welght, respectively, which exceeds the mass or the weight of
the wind turbine blade 3.

In fig. 3, a detailed view on a clamping unit 21 is shown.
The clamping unit 21 comprises a first portion 28, which is
fixed to the edge 19 of the main portion 11. Furthermore, the
clamping unit 21 comprises a second portion 29, which is mov-
able relative to the first portion 28. For sake of comprehen-
sibility, the second portion 29 is shown as transparent. The
second portion 29 can be moved using two actuators 30, which
are coupled to the second portion 29 and either the first
portion 28 or the main portion 11, respectively. The second
portion 29 of the clamping unit 21 is guided in slits 31 of
side walls of the first portion 28 protruding from the cir-
cumferentially spaced edges 32 of the first portion 28. For
guiding in the slits 31, the second portion 29 comprises a

side protrusion 33 corresponding with the slits 31.
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The first portion 28 of the clamping unit 21 comprises a cur-
vature corresponding to the curvature of the outer circumfer-
ence of the wind turbine blade 3 in the root-side end portion
10, so that the first portion 28 smoothly abuts the outer
circumference of the blade 3. The second portion 29 of the
clamping unit 21 is arranged on top of the first portion 28,
wherein the curvature and the geometry of the second portion
29 1s adapted to fit to the curvature and the geometry of the
first portion 28, so that the second portion 29 smoothly
abuts the first portion 28 in a closed state of the clamping
unit 21.

The second portion 29 of the clamping unit 21 comprises an
projection 34, which overlaps an edge 35 of the first portion
28. Both the projection 34 and the edge 35 comprise a toothed
profile 36. When the clamping unit 21 is moved in its closed
position using the actuators 30, the projection 34 of the
second portion 29 is pulled towards the edge 35 of the first
portion 28. The second portion 29 abuts the first portion 28
only in a closed state of the clamping unit 21, wherein in an
open state of the clamping unit 21, the edge projection 34 is
lifted above the edge 35 of the first portion 28, so that the
clamping unit 21 or the attachment tool 9, respectively, can
be moved towards the protruding elements 38 of the wind tur-
bine blade 3. The lifting can occur using a correspondingly
shaped slit 31.

The protruding elements 38 can be for instance bolts or bush-
ings, which protrude from the circumference of the wind tur-
bine blade 3. By closing the clamping unit 21, the protruding
elements 38 are clamped in between the toothed profiles 36 of
both the projection 34 and the edge 35. Therefore, the
toothed profiles 36 encompass a plurality of openings 39 in a
closed state of the clamp unit 21, wherein the shape of the
openings 39 corresponds to the shape of the protruding ele-
ments 38. By using three clamping units 21, as it is discern-
able from fig. 2, a plurality of protruding elements 38 are

clamped in between the three clamping units 21. Since the
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clamping units 21 each encompass the circumference of the
wind turbine blade 3 in the root-side end portion 10 around
approximately 140°, the wind turbine blade 3 is fixed immova-
bly to the attachment tool 9 once the clamping units 21 have

been closed.

Due to a slight tilting of the wind turbine blade 3 during
the 1lifting, and therefore due to the tilting of the protrud-
ing elements 38 in between the first portion 28 and the sec-
ond portion 29 of the clamping unit 21, a stable and secure
fixation of the wind turbine blade 3 to the attachment tool 9
can be obtained. It is possible that each clamping unit 21
comprises a locking means (not depicted) which locks the sec-
ond portion 29 on the first portion 28 in a closed state of
the clamping unit 21 to prevent an unintended opening of the
clamping unit 21 in case of failure of one or more of the ac-

tuators 30.

The protruding elements 38 can be for instance bushings,
which are used to fix bolts 40 protruding from the root-side
end of the wind turbine blade 3. Alternatively, the protrud-
ing elements can be bolts arranged circumferentially around
the root-side end portion 10 of the blade. The bolts 40 can
be adapted to fixate the wind turbine blade 3 to the hub 2 of

the wind turbine 1.

In fig. 4, a second embodiment of the clamping unit 21 is
shown. In this embodiment, the first portion 28 is adapted to
encompass a segment of the circumference of the wind turbine
blade 3 of approximately 180°. The second portion 29 is
pivotably hinged to the first portion 28 by the hinge 41. It
is possible that an actuator (not shown) is arranged in be-
tween the first portion 28 and the second portion 29, wherein
by an actuation of the actuator the second portion 29 can be
moved relatively to the first portion 28 so that the clamping
unit 21 can be moved between an open state and the closed
state using the actuator. In this embodiment, the first por-

tion 28 embracing a large segment of the wind turbine blade 3
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is attached to the lower edge 19 of the main portion 9,
wherein the edge 19 is attached to the side struts 4. In fig.
4, the clamping unit 21 is depicted in a closed state. An
open state of the clamping unit 21 can be obtained by pivot-
ing the second portion 29 in direction of the arrow 42. The
clamping unit 21 enables the fixation of the attachment tool
9 to wind turbine blades 3 which do not comprise protruding

elements 38 from their surface.

In fig. 5, a side view on an attachment arrangement 47 com-
prising the first embodiment of the attachment tool 9 at-
tached to the root-side end portion 10 of the wind turbine
blade 3 is shown. The crane hook 8 is coupled to the second
fixation means 26 attached to the second edge 25 of the boom
23. As it is discernible, the boom 23 comprises two boom seg-
ments 43 which are attached to each other forming the boom
23. The weight element 27 1is attached to the attachment por-
tion 12 of the attachment tool 9 on a side opposing the boom
23. The boom 23 protrudes from the attachment portion 12 to-
wards a tip side end of the wind turbine blade 3. The weight
element 27 extends from the attachment portion 12 towards the
root-side end of the blade 3. Depending on the mass of the
welght element 27 as well as on the length of the boom 9, the
center of gravity of the attachment arrangement comprising
the attachment tool 9 and the wind turbine blade 3 can be
changed. Additionally, it is possible that by the actuator 18
coupled between the attachment portion 12 and the main por-
tion 11, the angle between the attachment portion 12 and the
main portion 11 and therefore between the boom 23 and the
blade 3 can be adjusted to influence the position of the cen-

ter of gravity of the attachment arrangement 47.

The center of gravity is schematically depicted in fig. 6.
Point 44 represents the center of gravity of the blade 3.
Correspondingly, point 45 symbolizes the center of gravity of
the attachment tool 9 with all its components. Point 46 sym-
bolizes the center of gravity of the attachment arrangement

47 comprising both the attachment tool 9 and the wind turbine
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blade 3. The attachment of the crane hook 8 to the second
fixation means 26 on the second end 25 of the boom 23 allows
a rotation of the wind turbine blade 3 around the center of
gravity according to point 46 once the blade 3 has been 1ift-
ed by the crane 4. Depending on the position of the center of
gravity of the attachment arrangement 47, the blade 3 orients
under a specific angle towards the hub 2. In this embodiment,
the wind turbine blade 3 orients itself under an angle corre-
sponding to the 4-o’clock or the 8-o’clock position, respec-
tively. For both the 4-0o’clock and the 8-0o’clock position,
the angle between the wind turbine blade 3 and the hub 2 is
the same, so that the wind turbine blade for the 4-o’clock
and the 8-o’clock position can be lifted using the depicted
embodiment of the attachment tool 9, only the orientation of
the root-side end portion 10 of the wind turbine blade 3 to-
wards the hub 2 prior or during the lifting of the wind tur-
bine blade 3 has to be adjusted.

In fig. 7, a second embodiment of an attachment tool 92 is
shown. The second embodiment comprises the same elements as
the first embodiment previously discussed. The second embodi-
ment differs from the first embodiment in the position of the
boom 23, which is attached to the attachment portion 12 so
that the boom protrudes beyond the root-side end of the blade
3. Additionally, the weight element 27 is attached to the
second end 25 of the boom 23. The second fixation means 26 is
attached to the attachment portion 12. Compared to the first
embodiment, the boom 23 is longer. This can be achieved for
instance by using a boom 23 which comprises more than two
boom segments 43 or by a boom 23 that comprises at least one
extendable telescope section. The angle between the attach-
ment portion 12 and the main portion 11, and therefore be-
tween the boom 23 and the blade 3, can be adjusted using the

actuators 18.

Preferably, the second embodiment of the attachment tool 9
can be obtained from the first embodiment by changing the po-

sition of the boom 23, the weight element 27 and the second
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fixation means 26. This can for instance be obtained by a de-
tachable attachment of the boom 23, the weight 27 and the
second fixation means 26, so that the attachment tool 9 can
be configured in a first configuration corresponding to the
first embodiment or a second configuration corresponding to
the second embodiment. The second embodiment or the second
configuration, respectively, which is depicted in fig. 7, is
used to 1ift the wind turbine blade 3 in the 12-0o’clock posi-

tion 5.

In fig. 8, the orientation of the wind turbine blade 3 at-
tached to attachment tool 9 according to the second configu-
ration is shown. The attachment arrangement 47 comprising the
wind turbine blade 3 and the attachment tool 9 is lifted by
the crane 4, wherein the wind turbine blade 3 orients with
its root-side end portion 10 to a downward position. Corre-
sponding to fig. 6, the center of gravity of the blade 3 is
depicted by point 44, the center of gravity of the attachment
tool 9 is depicted by point 45 and the center of gravity of
the attachment arrangement 47 comprising both the blade 3 and
the attachment tool 9 is depicted by point 46. The self-
orientation of the blade 3 is obtained due to the mass of the
welght element 27 acting on the boom 23 as a lever, so that

the entire arrangement turns according to fig. 8.

As it is discernible, the crane 4 must only be able to 1lift
the attachment arrangement 47 to approximately the same level
as the hub 2, since nearly the entire blade 3 is above the
second fixation means 26. This facilitates the assembly of
the wind turbine blade 1, since a smaller crane can be used

for the assembly of the wind turbine 1.

Although the weight element 27 is much smaller than the blade
3, it shall be noted that the mass of the weight element 27
can exceed the mass of the wind turbine blade 3. This can for
instance be obtained using a solid weight element 27 or a
weight element 27 which is fillable with a liquid like water,

so that the mass of the weight element 27 may exceed the mass
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of the wind turbine blade 3, which may be fabricated from

light-weight components.

An embodiment of a method for lifting the wind turbine blade
3 may comprise the steps of attaching the attachment tool 9
to the wind turbine blade 3 in either a first configuration
or a second configuration as previously described in relation
to figs. 5 and 6 or 7 and 8, respectively. In the first con-
figuration, wherein the boom 23 protrudes from the main por-
tion 9 beyond the root-side end of the blade 3 and wherein
the weight element 27 is attached to the second end 25 of the
boom 23, the wind turbine blade 3 can be lifted to the 12-
o’clock position. It is possible that the hub 2 is fixed sta-
tionary prior to lifting of the blade so that a turning of
the hub 2 is prevented once a blade 3 has been mounted to the

12-o’clock position 5.

A lifting of a blade to the 4-o’clock position or the 8-

o’clock position, respectively, is possible with the second
configuration of the attachment tool 9, wherein the boom 23
protrudes from the main portion 9 towards a tip side end of
the blade 3 and the weight element 27 is attached to the at-

tachment portion 12.

It is possible that during the lifting, the actuators 18 are
actuated, wherein the angle between the attachment portion 12
and the main portion 11 is adjusted in dependence of a wind
induced movement and/or a wind induced deflection of a lifted
blade 3. Therefore, the attachment tool 9 may comprise one or
more sensors for detecting a wind induced movement and/or a
wind induced deflection of the lifted blade. The sensors and
actuators may be connected with a control unit of the attach-
ment tool 9 and/or to an external control unit, which con-

trols the actuator 18 during the 1lifting procedure.

Corresponding to the previously described lifting process,
the attachment tool 9 can also be used for removing a wind

turbine blade, which is already attached to a wind turbine
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blade 1 using the crane 4. In this case, the attachment tool
9 can be lifted towards the wind turbine blade 3 on top of
the wind turbine 1, wherein the configuration of the attach-
ment tool 9 corresponds to the position of the blade 3 which
shall be removed. Furthermore, each clamping unit 21 can com-
prise a sensor connected to the control unit so that the
state of the clamping units 21 can be surveilled during lift-

ing.

Although the present invention has been described in detail
with reference to the preferred embodiment, the present in-
vention i1s not limited by the disclosed examples from which
the skilled person is able to derive other variations without

departing from the scope of the invention.
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Claims

Attachment tool for connecting a crane hook (8) to a
wind turbine blade (3), comprising a main portion (11),
wherein the main portion (11) comprises a lower portion
(15) with a first fixation means (20) fixable to a root-
side end portion (10) of the blade (3) so that the main
portion (11) protrudes to the side of the blade (3),
wherein an attachment portion (12) is attached to an up-
per portion (16) of the main portion (11), wherein a
first end (24) of a boom (23) is attached to the attach-
ment portion (12), so that the boom (23) is protruding
from the main portion (11) in an angle smaller than
180°, wherein at least one second fixation means (26) 1is
attached to the attachment portion (12) and/or a second
end (25) of the boom (23) opposite the attachment por-
tion (12), wherein a weight element (27) is attached to
the attachment portion (12) or to the second end (25) of
the boom (23).

Attachment tool according to claim 1, characterized in
that the boom (23) comprises a plurality of boom seg-
ments (43), which are detachably attached to each other,
and/or that the boom (23) comprises at least one extend-

able telescope portion.

Attachment tool according to claim 1 or 2, characterized
in that the attachment portion (12) is pivotably hinged

to the main portion (11).

Attachment tool according to claim 3, characterized in
that it comprises at least one actuator (18), in partic-
ular a hydraulic actuator or a pneumatic actuator or an
electrical actuator, wherein the angle between the at-
tachment portion (12) and the main portion (11) is ad-

justable by actuation of the actuator (18).
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Attachment tool according to one of the preceding
claims, characterized in that the main portion (11) com-
prises two side struts (14) extending between the lower
portion (15) of the main portion (11) to the upper por-
tion (16) of the main portion (11), wherein the side
struts (14) are supported against each other by at least

one supporting strut (22).

Attachment tool according to claim 4 and 5, character-
ized in that it comprises two actuators (18), wherein
each actuator (18) is attached to a lever strut (17)

protruding from the attachment portion (12).

Attachment tool according one of the preceding claims,
characterized in that the lower portion (15) of the main
portion (11) comprises an edge (19) adapted to encompass
a segment of a circumference, in particular a segment
between 90° and 180°, of a root-side end portion (10) of

a wind turbine blade (3).

Attachment tool according one of the preceding claims,
characterized in that the first fixation means (20) com-
prises at least one clamping unit (21), wherein the
clamping unit (21) comprises a curved first portion (28)
fixed to the main portion (11) and a curved second por-
tion (29) relatively movable to the first portion (28)
between an open position and a closed position of the

clamping unit (21).

Attachment tool according to claim 8, characterized in
that the second portion (29) is pivotably hinged to the
first portion (28), wherein the first portion (28) and
the second portion (29) are adapted to encompass the en-
tire circumference of the root-side end portion (10) of
the blade (3) in a closed state of the clamping unit
(21).
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Attachment tool according to claim 8, characterized in
that the first portion (28) is adapted to encompass a
segment of the circumference of the root-side end por-
tion (10) of the blade (3), wherein the second portion
(29) 1s arranged on the first portion (28) and encom-
passes the first portion (28) at least partly, wherein
the second portion (29) comprises a projection (34)

overlapping an edge (35) of the first portion (28).

Attachment tool according to claim 10, characterized in
that the edge (35) of the first portion (28) and the
projection (34) of the second portion each comprise a
toothed profile (36), wherein the toothed profiles (36)
encompass a plurality of openings in a closed state of

the clamping unit (21).

Attachment tool according to one of the claims 8 to 11,
characterized in that the clamping unit (21) comprises
at least one actuator (30), in particular a hydraulic
actuator or a pneumatic actuator or an electrical actua-
tor, to move the second portion (28) between an open po-
sition and a closed position of the clamping unit (21)
and/or that the clamping unit (21) comprises a locking
means for locking the clamping unit (21) in a closed po-

sition.

Attachment tool according to one of the preceding
claims, characterized in that the clamping unit (21)
comprises at least one sensor to detect the current po-

sition of the clamping unit (21).

Attachment tool according to one of the preceding
claims, characterized in that the boom (23) is detacha-
bly attached to the attachment portion (12) and/or that
the weight element (27) is detachably attached to the
attachment portion (12) or to the boom (23).
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Attachment tool according to one of the preceding
claims, characterized the weight element (27) is a solid
body or that the weight element (27) is or comprises a

container fillable with a liquid.

Attachment arrangement comprising a wind turbine blade
(3) and an attachment tool (9) according to one of the
preceding claims attached or attachable to the wind tur-
bine blade (3).

Method for lifting a wind turbine blade (3), wherein an
attachment tool (9) according to one of the preceding
claims is used, wherein the attachment tool (9) is cou-
pled to the blade (3) and a crane hook (8) of a crane
(4) is coupled to the attachment tool (9), wherein the
blade (3) is lifted by the crane (4),

wherein the boom (23) protrudes from the main portion
(11) beyond the root-side end and the weight element
(27) 1s attached to the second end (25) of the boom, or
wherein the boom (23) protrudes from the main portion
(11) towards a tip-side end of the blade (3) and the
welght element (27) is attached to the attachment por-
tion (12).

Method according to claim 17, wherein an attachment tool
(9) comprising at least one actuator (18) to adjust the
angle between the attachment portion (12) and the main
portion (11) is used, wherein the angle is adjusted in
dependence of a wind-induced movement and/or a wind-
induced deflection of the lifted blade (3).



WO 2020/127478 PCT/EP2019/085944

1/7

7 .-
""f>fffffffff,,
IF o
A,



WO 2020/127478 PCT/EP2019/085944

2/7

FIG 2




WO 2020/127478 PCT/EP2019/085944

3/7

FIG 3

FIG 4

/21

28

4

49 )\‘ 29



WO 2020/127478 PCT/EP2019/085944

a/7

FIG 5

MAN]

N— D

I




\

000000000000

27

5/7

PPPPPPPPPPPPPPPPP

WA\V/‘\‘II 56

SAVAVAY|

25
46

44



WO 2020/127478 PCT/EP2019/085944

6/7

FIG 7

47\ 8 26 23

12

™14

11\ 25

+—~10

~— O
== o
L (lf

~— 21




PCT/EP2019/085944
/7

WO 2020/127478

FIG 8




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/085944

A. CLASSIFICATION OF SUBJECT MATTER

INV. B66C1/10 B66C1/68
B66C13/08 FO3D13/10
ADD.

FO3D1/06

B66C1/42 B66C1/66

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B66C FO3D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraph [0021]
paragraph [0029]
figures

11 December 2013 (2013-12-11)

paragraph [0038]
paragraph [0040]
paragraph [0041]
figures

X KR 2015 0045114 A (SAMSUNG HEAVY IND CO
LTD) 28 April 2015 (2015-04-28)

X EP 2 670 977 Al (LIFTRA APS [DK])

paragraph [0035] - paragraph [0036]

1-7,13,
16-18

1,8-12,
14-16

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

31 January 2020

Date of mailing of the international search report

12/02/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

0zsoy, Sevda

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/085944

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

[DE]) 16 February 2016 (2016-02-16)
paragraph [0048]

paragraphs [0050] - [0054]

figures

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X GB 2 482 707 A (VESTAS WIND SYS AS [DK]) 1,2,7,8,
15 February 2012 (2012-02-15) 12,15-17
page 9, line 14 - page 12, line 16
claims 10-12
figures
X DE 20 2014 105459 Ul (EMATEC MANFRED 1,7,15,
EBERHARD MASCHINEN UND GREIFTECHNIK E K 16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/085944
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR 20150045114 A 28-04-2015  NONE
EP 2670977 Al 11-12-2013 DK 177338 Bl 21-01-2013
DK 2670977 T3 15-07-2019
EP 2670977 Al 11-12-2013
ES 2736976 T3 09-01-2020
WO 2012095112 Al 19-07-2012
GB 2482707 A 15-02-2012  NONE
DE 202014105459 Ul 16-02-2016  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

