(19 DANMARK (10 DK/EP 2670977 T3

(12) Oversaettelse af
europeaeisk patentskrift

Patent- og
Varamegerkestyrelsen

(51) Int.Cl.: F03D 13/10 (2016.01) B 66 C 1/10(2006.01)
(45) Oversaettelsen bekendtgjort den: 2019-07-15

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2019-05-01

(86) Europaeisk ansggning nr.: 12734295.4

(86) Europeeisk indleveringsdag: 2012-01-11

(87) Den europeeiske ansggnings publiceringsdag: 2013-12-11
(86) International ansggning nr.: DK2012050013

(87) Internationalt publikationsnr.: WO2012095112

(80) Prioritet: 2011-01-11 DK 201100019

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE S| SK SM TR

(73) Patenthaver: LIFTRA IP ApS, Stationsmestervej 81, 9200 Alborg SV, Danmark
(72) Opfinder: FENGER, Per. E, Flougaardsvej 8, 9575 Terndrup, Danmark
(54) Benaevnelse: A TOOL FOR MANAGEMENT OF BLADES FOR WIND TURBINES

(56) Fremdragne publikationer:
EP-A1- 1507 975
EP-A1-2 144 837
WO-A1-2009/112887
WO-A1-2010/124744
WO-A1-2010/147480
JP-A- 2010 265 752
US-A1- 2010 158 654



DK/EP 2670977 T3



10

15

20

25

30

DK/EP 2670977 T3

TITLE: ATOOL FOR MANAGEMENT OF BLADES FOR WIND TURBINES.

The present invention relates to a tool for management of blades for wind
turbines, and comprising a first frame with a connecting arrangement which consists of a
second frame with means for connection to a wire connected to a crane or hoist for hoisting
of the first frame and the blade, said first frame further comprises gripping means for
engagement of the blade surface, and where the gripping means consists of at least two
cooperating claw-shaped sets of gripping organs operated with first sets of actuators, where
each set of gripping organs comprises a first claw shaped body and a second claw shaped
body, which together in engaged position is enclosing the blade surface on each side of the

maximum circumference of the blade.

Such a tool is known from WO 2010124744 A1, in which is disclosed an auxiliary
tool for handling of heavy and relatively long work pieces, in particular blades for wind
turbines, and comprising a first frame with means for connection to a wire connected for
hoisting of the first frame and the blade with a crane. The first frame is connected to a second
frame which comprises gripping means for engagement on the blade surface, and where the
gripping means consists of at least to cooperating claw shaped gripping organs, operated by
first actuators, where each set comprises a first claw shaped body and a second claw shaped
body, which in common in engaged position encloses the blade surface on each side of the
maximum blade circumference. The tool is designed for use when installing blades on a wind
turbine, but has certain limitations in connection with the mounting. For example the tool
implements a tilt of the blade at an angle of maximum +/- 60 degrees relative to horizontal,
with the result that at least one change in the crane position is necessary to mount the blades
on a wind turbine, as the blades most frequent are supplied equally orientated, which means
that two of the blades can be mounted at a first crane position, whereas the third will require
a movement of the crane, since the blades are so long that they in lifted position does not

allow

to be turned a game, as the crane jib or the tower will block the rotation. Further the use of
the auxiliary tool might make it difficult, even in light winds, to position the hanging blade to
align the bolt holes in the mounting flange and the bolt holes in the flange on the blade anchor.
The auxiliary tool not less than four points of connection to the horizontally oriented frame,
which isitself limiting the choice of the installation method. Document EP150797541 discloses

a tool for handling blades, that can pivot around its longitudinal axis.
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It is the object by the invention to provide a tool that provides a solution on the
above issues, and which also is useful in mounting blades on wind turbines in virtually all

positions, and thus useful for all installation methods.

A further object by the invention is to provide a tool which only requires one
wire for hoisting, and which, subsequent to mounting the blade anchoring on the main shaft
of the wind turbine, allows mounting of the blades on the blade anchoring in virtually all angle

positions of the blade anchoring.

In addition it is the object by the invention that the tool shall provide facilities
which eases the positioning between holes in the mounting flange on the blade and holes in

the flange on the blade anchoring.

This object is achieved by a tool for handling blades for wind turbines, and
comprising a first frame with a connecting arrangement which consists of a second frame with
means for connection to a wire connected to a crane or hoist for hoisting of the first frame
and the blade, said first frame further comprises gripping means for engagement of a blade
surface, and where the gripping means consists of at least two cooperating claw-shaped sets
of gripping organs operated with first sets of actuators, where each set of gripping organs
comprises a first claw shaped organ and a second claw shaped organ, which together in
engaged position is enclosing the blade surface on each side of the maximum circumference
of the blade, which is characterized in, that the connecting arrangement which consists of the
second frame comprises a by first pivot bearing connections pivotally mounted yoke, the free

end of which comprises means for connection to a wire.

This opens for the possibility for turning the blade around its longitudinal axis so
that the mounting of it is facilitated, since the adjustment of the position of the holes in the
flange on the blade relative to the flange on the hub by rotating the blade around its

longitudinal axis, is facilitated considerably.

This provides the possibility to compensate for size/circumference of the
attachment area on the wind turbine blade, and to perform balanced lifting of a wind turbine

blade in a manner that it is not affected by damaging forces during handling.

With the intent to perform rotations of the first frame, and thus the claws and a
therein arranged blade for a wind turbine, the connection arrangement may comprise a
second frame, protruding substantially perpendicularly from the first frame, said second
frame comprising a by first pivot bearing connections pivotally mounted yoke, the free end of

which comprises means for connection to a wire.
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This makes it possible to compensate for the position of the blade relative to the
blade anchoring as the blade can be turned around its own length axis by the pivot bearing,

which will facilitate the mounting of the blade on the blade anchoring.

In a preferred embodiment of the tool, it is preferred that the second frame is

protruding substantially perpendicular from the first frame.

This has the advantage that the weight of the frame contributes to balance the

device when a wind turbine blade is arranged in the gripping organs.

With the intent of further facilitating the mounting of the blade on the blade
anchoring, so that the holes in the mounting flanges are aligned opposite to each other, a

second actuator may be arranged between the second frame and the yoke.

By the actuator, which of course is remotely controlled, it is achieved that the
blade can be turned to practically any preferred position during lifting and mounting of the

blade on the blade anchoring.

With the intent to ensure a certain balance between the first frame and the 25
wire by which the tool with the blade is hoisted up and down, the second frame may comprise

a counterweight in the end opposite to the end where the first frame is connected.

Hereby is achieved a certain balance during hoisting the turbine blade using the
tool. The counterweight may, for example house a hydraulic pump with control boxes for

controlling the actuators on the tool.

With the intent to facilitate a blade from a generally horizontal orientation to an
optional upright position, a yaw may be located between the connection arrangement and

the first frame.

With the intent to provide an easier operation of the yaw it may be hydraulic

powered or driven by a third actuator.

Hereby it is achieved that the first frame, and accordingly the blade carried in
the claws in the first frame can be rotated to an optional angle relative to an essentially

horizontal base.

With the intent to use the tool on different sizes of wind turbine blades, and to
enable balanced hoists, the position of the claw shaped gripping means on the first frame may

be infinitely adjustable.
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With the intent to compensate for size and balance point for a wind turbine
blade hoisted in the claws of the tool, the position of the claw shaped gripping organs on the

first frame can be adjustable by at least a third and a fourth actuator.

The advantage is, that it enables for establishing a well defined and stable
momentum of gravity between the attack points of the claws on each side of the point where
the circumference of the blade is largest, which will cause a further stabilization of the wind

turbine blade and the frame during hoisting.

With the intent to prevent damage to the surface of the wind turbine blade
where it is attacked by the claws, the against the surface of the wind turbine blade/the
workpiece facing sides of the claw shaped gripping organs comprise a pad, said padding

surface can be constituted of a non-slip coating.
By the non-slip coating is further achieved that the wind turbine blade does
not slip during the hoist.

With the intent to enable use of commonly used cranes for hoists together with
the tool, the up- and down hoisting and handling of an elongated, heavy item such as a wind
turbine blade can take place using a single crane wire, which by one roll displaces the wire

upwards and downwards.

The advantage thereof is, that use of the tool according to the invention allows
for use of cranes with a more simple construction than the type that is required using the

known tools.

With the intent to prevent unintended opening of the claws during hoisting of a
wind turbine blade, the free ends of the claw shaped gripping organs may comprise
cooperating locking organs for retaining the gripping organs in the closed, engaged position,
where the claw shaped gripping organs encloses the surface of the blade on each side of the

largest circumference of the wind turbine blade.

It is hereby achieved that the wind turbine blade arranged in the tool, is not lost
during handling with the crane. This leads to an increased security for the personnel moving

around in the area of operation of the crane.

In the intent to facilitate the operation of the cooperating locking organs, at least
the one part of the cooperating locking organs may be displaceable between a first locked

outer position, and a second not locked position. In a preferred embodiment the actuators
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consists of pistons powered by a fluid under pressure, for example the pressure source

arranged in the counter weight.

In another embodiment the actuators may consist of electric powered spindles

and/or electric powered motors.

It is further preferred that the tool is equipped with control means, so that all
the movements of the actuators and the movements of the yaw, are controllable via a control

unit which can be operated from an optional position.
The invention is further enclosed below with reference to the drawing, wherein;

Fig. 1 is a perspective view of a tool according to the invention, during hoisting

of a wind turbine blade,

Fig. 2 is a perspective close view if the tool shown in Fig. 1, carrying a blade for a

wind turbine

Fig. 3 is a perspective view of the tool shown in Fig. 1, without a blade from a

wind turbine, and

Fig. 4 is a detail perspective view of the bottom side of the claw shaped gripping

organs of the tool, showing the locking means between the free ends of the gripping means.

In Fig. 1 is a perspective view of an embodiment of a tool 2, according to the

invention, for lift of a wind turbine blade 4.

The tool 2 comprises a first frame 6, on which is arranged a first and a second

gripping organ 8, 10 for engagement of the surface 12 on a wind turbine blade 4 (not shown).

The gripping organs 8, 10 consists of at least two cooperating claw shaped set
gripping organs 18, 20,22, 24, driven by first actuators 14, 16, each set comprising a first claw-
shaped organ 18,22 and a second claw shaped organ 20,24, which in engaged position in
common encloses the surface of the wind turbine blade on each side of the maximum

circumference 26 of the blade.

The position of the claw shaped gripping organs 8, 10 is continuously variable on
the first frame 6. The adjustment/displacement of the claw shaped gripping organs 8, 10 may

be performed by not shown actuators.

The tool 2 comprises a connection arrangement 28, which in the shown
embodiment consists of a second frame 30, extending mainly perpendicular from the first

frame 6, said second frame 30 comprises a pivotable yoke 32 which is secured to the second
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frame 30 by first pivot bearing connections 34. The free end 36 of the yoke comprises means

for attachment to a wire 40 with a lift hook 42.

In the shown embodiment of the tool 2, the position of the yoke 32 is adjustable
relative to the frame 30 and the frame 6 by a second actuator 44, which means that the frame
6 with the blade 4 can be turned around a line parallel with their respective center axis (not

shown).

The second frame 30 comprises further a counter weight 46 in the end opposite
to the first frame 6. The counter weight may besides than dead weight further consists of a
hydraulic system (not shown) comprising a hydraulic pump with vessel and control unit for
remote control of an electro-valve tree, from which is emitted pressurized oil or fluid for the
actuator or yaw (see below) on the tool. The purpose of the counter weight is to balance the

hoist of e.g. a wind turbine blade 4.

The tool 2 comprises further, as it most clearly appears in Fig. 2, a hydraulic
powered yaw 50 between the connection arrangement 28 and the first frame 6. The presence
of the yaw 48 results in that the blade 4 can be turned in a controlled manner from a
substantially horizontal orientation as shown in Fig. 1 and Fig. 2 to a more vertically oriented
mounting position. The yaw 48 may be hydraulic powered, or driven by a third actuator (not

shown).

The tool 2 according to the invention may in a further embodiment be designed
so that the position of the claw shaped gripping organs 8, 10 on the first frame are adjusted

by a fourth actuator (not shown), and a fifth actuator (not shown).

The tool 2 may further, as indicated in Fig. 3, comprise a pad 54 on the against
the surface 12 of the wind turbine blade/item 4 oriented sides 52 of the claw shaped gripping

organs 8, 10, the surface of said pad may consist of a nonslip coating.

The tool 2 in the shown embodiment and as it appears from Fig. 3 and in
particular in fig. 4, is further supplied with cooperating locking organs 56 in the free ends 58,
60 of the claw shaped gripping organs 8, 10. The locking organs 56 serves for locking the
gripping organs in the closed engaged position, wherein the claw shaped gripping organs 18,
20,22,24 encloses the surface 12 of the wind turbine blade on each side of the maximum

circumference 26 of the blade.

As it most clearly appears from Fig. 4, the locking means 56 consists of hook-
shaped cut-outs 62 in the first claw shaped gripping organs 18,22, which cooperates with a, in

tracks 64 in the second claw shaped gripping organs 20,24, displaceable transverse locking pin
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66 in the one end of an actuator, which in the shown embodiment consists of a hydraulic

powered piston 68 which is anchored in the second claw shaped gripping organs 20,24.

The track 64 comprises an angle turn 70 closest to the free end of the claw
shaped organs 20,24 which enables the locking bolt to be displaced to a position allowing the
free ends 58 of the first claw shaped gripping organs 18,20 to pass when opening the gripping
organs 8, 10, by activating the actuators 14, 16.

Locking between the first claw shaped gripping organs 18,22 and the second
claw shaped gripping organs 20,24 takes place by displacement of the hydraulic powered
piston (69) to a retracted position, wherein it enters a locking position in the hook shaped cut
outs 62 in the first claw shaped gripping organs 18,22, and 35 thereby blocks for opening of
the gripping organs (8, 10).

The tool 2 is provided so with control means that all movements of the actuators
and the yaw are controllable via a control unit (not shown) from an optional position, that is,

a remote control.

The inventor has realized that the invention may be embodied in other forms
than those described above, but this does not change the inventive aspect to provide an
auxiliary tool, which together with a simple and common used crane construction, is capable
for use when lifting e.g. wind turbine blades 4, from e.g. a trailer to approximately an optional

mounting position.
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PATENTKRAV

1. Veerktgj (2) til handtering af vinger (4) til vindmeller, og omfatter en fgrste ramme (6) med
et forbindelsesarrangement (28) som bestar af en anden ramme (30) med midler (38) til
forbindelse til en wire (40) forbundet til en kran eller et spil til at hejse den fgrste ramme og
vingen (4), hvor den fgrste ramme (6) videre omfatter gribeorganer (8, 10) til indgreb med
vingeoverfladen (12), og hvor gribeorganerne bestar af mindst to samarbejdende kloformede
seet (18,20, 22, 24) af gribeorganer, der drives a et fgrste saet af aktuatorer (14, 16), hvor hvert
seet af gribeorganer (18, 20, 22,24) omfatter et fgrste kloformet organ (18, 22) og et andet
kloformet organ (20,24), der tilsammen i en indgrebet position omslutter vingens (4) overflade
(12) pa hver side af den maksimale omkreds (26) af vingen, kendetegnet ved, at
forbindelsesarrangementet (28), der bestar af den anden ramme (30), omfatter en, ved fgrste
drejeleje forbindelser (30), drejeligt forbundet ag (32), de frie ender (36) af hvilket omfatter
midler (38) til forbindelse til en wire (40).

2. Verktej (2) ifglge kravl, kendetegnet ved, atdenanden ramme (30) fremspringer

i det vaesentlige vinkelret fra den fgrste ramme (6).

3.Veerktgj (2) ifglge krav2, kendetegnet ved, at enanden aktuator (44) er placeret

mellem den anden ramme (30) og aget (32).

4 Veerktgj (2) ifplge krav 2 ellerkrav 3, kendetegnet ved,at denanden ramme (30)

omfatter en modvaegt (46) i enden modsat enden hvor den fgrste ramme (6) er forbundet.

5. Veerktgj (2) ifglge et hvilket som helst af kravene 1-4, kendetegnet ved,at et krgjeled

(50) er placeret mellem forbindelsesarrangementet (28) og den fgrste ramme (6).

6. Veaerktgj ifplge krav5, kendetegnet ved,at krgjeledet (50) er hydraulisk drevet eller

drevet af en tredje aktuator.

7. Veerktej (2) ifglge et hvilket som helst af kravene 1-6, kendetegnet ved,at den

kloformede gribeorganer (8, 10) positioner pa rammen (6) er uendeligt justerbare.

8. Vaerktgj (2) ifelge et hvilket som helst af kravene 2-7, kendetegnet ved, at de
kloformede gribeorganers (8, 10) position pa den fgrste ramme (6) justeres ved i det mindste

en fjerde og en femte aktuator.

9.Veerktgj (2) ifelge krav8, kendetegnet ved, at det omfatter en trykpude (54) pa de
imod overfladen (12) af vindmellevingen/genstanden (4) orienterede sider (52) af de
kloformede gribeorganger (18, 20, 22,241), hvor overfladen af naevnte trykpude bestar af en
skridsikker belaegning.
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10. Veerktgj (2) ) ifelge et hvilket som helst af kravene 1-9, kendetegnet ved,at den
opad- og nedadgdende hejning og handtering af en aflang, tung genstand sa som en
vindmgllevinge (4) udfgres ved brug af en enkelt kranwire (40), der ved en rotation flytter

wiren opad eller nedad.

11. Veerktgj (2) ) ifelge et hvilket som helst af kravene 1-10, kendetegnet ved,at de
frie ender (58, 60) af de kloformede gribeorganer (18,20,22,24) omfatter samarbejdende
laseorganer (62,64,66, 68, 70) til at fastholde gribeorganerne (8, 10) i den lukkede, indgrebne
position, hvor de kloformede gribeorganer (18, 20, 22,24) omslutter overfladen (12) af vingen

(4) pa hver side af den stgrste omkreds (26) af vindmgllevingen.

12.Veerktgj (2) ifplge krav 11, kendetegnet ved at minds ten del (66) af de
samarbejdende laseorganer (62,64,66, 70) er forskydelig mellem en fgrste last ydre position

og en anden ikke 13st position af en sjette aktuator (68).

13. Veerktgj (2) ifglge et hvilket som helst af kravene 1-12, kendetegnet ved, at

aktuatorerne bestar af drevne stempler, drevet af en tryksat vaeske.

14. Veerktgj (2) ifglge et hvilket som helst af kravene 1-12, kendetegnet ved, at

aktuatorerne bestar af elektrisk drevne spindler og/eller elektrisk drevne motorer.

15. Veerktgj (2) ifglge et hvilket som helst af kravene 1-14, kendetegnet ved, at
veerktgjet (2) er forsynet med styringsmidler, saledes at alle aktuatorernes bevaegelser og
krgjeledets beveaegelser er styrbare via en styringsenhed som kan opereres fra en valgfri

position.
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