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3 (57) Abstract: A device for enabling access to a structure above ground or sea level, in
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particular a rotor blade of a wind turbine, by lowering and/or lifting the device in relation
to the structure. The device comprises - a frame structure, - means for supporting the
device in relation to said structure, and - means for lowering and/or lifting the device in
relation to the structure. At least part of the frame structure comprises a track portion, the
track portion being adapted to guide an, in relation to the track portion, movable object
along the track portion. The means for supporting the device in relation to the structure

4 are configured for positioning said device in relation to the structure, and the means
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for supporting the device in relation to said structure are configured for facilitating a
movement of said device essentially in the longitudinal direction of said structure.
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DEVICE FOR ENABLING ACCESS TO A STRUCTURE ABOVE GROUND LEVEL
Field of the invention

The present invention relates to a device for enabling access to a structure above
ground level, e. g. of considerable height, in particular a device such as a wind
turbine, a rotor blade or a tower of such a wind turbine, the device comprising a part

that may be lowered and/or lifted in relation to the structure.

The invention further relates to a method of enabling access to a rotor blade of a

wind turbine.

Background of the invention

Within the field of wind turbines it is necessary to perform work on parts that is
situated at a considerable height above ground level (or sea level, when sea wind
turbines are concerned) such as e.g. fepair of rotor blades, the surface of these,
surface treatment of rotor blades ‘and the tower etc. .Furthter, it has been recognized
that it is advantageous or even necessary to clean such parts and in particular the
rotor blades in order to maintain good rgsu1t§ as regards the power efficiency.
Further, it may be advantageous to perform other forms of maintenance in order to
achieve good power production results and optimal economic results, such as e. g.

surface treatments, inspection etc.

In order to perform such work a number of hoisting arrangements have been

proposed in the prior art,

Such a hoisting arrangement:is known from German utility model DE 296 03 278 U
in which suspension means are fastened to each of the two rotor blades near the hub
of the rotor once the windmill has been brought to a stop and with one rotor blade
pointing straight downwards. A special work platform with a through-going slit at
the bottom has been fixed to these suspension means so that the rotor blade pointing

downwards could be inserted into this slit. The work platform has subsequently been

CONFIRMATION COPY
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hoisted upwards in a stepwise manner, while the crew has rinsed the surface of the

rotor blade manually, e. g. with one person located on each side of the rotor blade.

Even with such an arrangement, it is a tirhe-consuining process to carry out a
cleaning of the rotor blades of a wiridmill, just as such a known arrangement would
probably require the use of machinery, such as a crane, for fixation of the suspension
means. Further, the platform itself will have a considerable weight and size, thereby
leading to further costs and use of heavy machinery for lifting and lowering the

platform.

Devices of corresponding kind are known from DE 199 09 698 Al and DE 43 39 638
Al, which are encumbered with the same disadvantages as those mentioned above,
including that extensive use must be made of special material such as cranes, for
example mobile cranes, or felaﬁ%/eljr co}ﬁprehénsive materials which, for example,

are mounted on the turbine tower beforehand.

Further, WO 03/048569 A2 describes fﬁa method and an apparatus for treatment of a
surface of a rotor blade of a windmill, where the apparatus is being placed in such a
manner that it is moveable in relation to the surface of a rotor blade, and said
apparatus is being caused to move depending on a form of treatment determined by
means for treatment mounted on, in or next to the apparatus. In this manner, various
forms of treatment of a rotor blade may be carried out such as for instance washing,

finishing, sealing etc.

Furthermore, WO 2005/064152 A2 describes  a device for enabling access to a
structure above ground level by lowering-and/or lifting the device in relation to the
structure, the device cOmprising a first endless frame structure defining an opening,
wherein at least part of the first endless' frame structure forms a track portion, the
track portion being adapted to guide an, in relation to the track portion, movable

object, such as a gondola, along the track portion.
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Both of these prior art documents relate to devices, where the devices are transferred

to the rotor blade from below the rotor blade tip.

Still further, WO 2004/092577 Al describes a method of servicing the outer
components of a wind turbine such as the wind turbine blades and the tower with a
work platform, said method comprising the steps of: positioning the work platform at
the wind turbine tower and connecting the work platform to an upper part of the wind
turbine with at least one cable. Further the method comprises the steps of raising the
work platform with the cable and cable winding means to a position of use, and
holding the work platform to the side of the wind turbine tower with holding means.
The invention also relates to a work platform for servicing the outer components of a

wind turbine.

Further, these prior art systems are generally not configured in a manner facilitating
user-friendliness and do not provide the personnel with an optimal safety

environment.

Thus, it is an objective of the. invention to’ provide an improved device for
performing such work at a structure such as a wind turbine, e. g. on a rotor blade or
on a wind turbine tower.

It is a further objective to provide such a device whereby improved user-friendliness

and safety may be achieved.

A further objective is to provide such a device that allows access to virtually all parts

of e.g. a rotor blade with relatively simple and few means.

It is also an objective to provide'such a device that may be designed as a relatively
light structure and in relatively light materials while maintaining safety standards and

even provide improvements in safety aspects.
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Further, with the increasing heights and sizes of wind turbines, the above-mentioned
objectives have become increasingly more important, since the increase in wind
turbine size requires corresponding service devices with increased sizes, whereby the
need for a relatively uncomplicated and relatively light service device requiring only
a minimum of resources has been further accentuated.

These and other objectives are achieved by the invention as explained in detail in the

following.
Summary of the invention

In a first aspect, the invention relates to a device for enabling access to a structure
above ground or sea level, in particular a rotor blade of a wind turbine, by lowering
and/or lifting the device in relation to the structure, the device comprising

- a frame structure, ,

- means for supporting the device in relation to said structure,

- means for lowering and/or lifting the device in relation to the structure,

wherein at least part of the' frame structure comprises a track portion, the track
portion being adapted to guide an, in relation to the track portion, movable object
along the track portion, -~ ...

wherein said means for supporting the device in relation to said structure are
configured for positioning said device in relation to the structure, and

wherein said means for. supporting the device in relation to said structure are
configured for facilitating a movement of said device essentially in the longitudinal
direction of said structure. -

Hereby, it is achieved that by means of the device the user may be able to reach or
access all parts of the surface of in particular a rotor blade of a wind turbine in an
expedient manner and with a minimum of equipment and manpower.

The device according to the invention, e. g. carrying a tool device or one or more

persons, may be located in any vertical position along a wind turbine rotor blade,
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preferably controlled by a‘pérsori at the device or at ground level, e. g. by controlling
the means for lowering and/or 11ft1ng the device in relation to the structure. Further,
the movable object may be controlled in such a manner that all parts of the rotor

blade can be accessed.

Thus, a large and heavy platforlm 1s xa’vdided, since a person using the device
according to the inventfon may aécess virtually any desired position in relation to the
wind turbine rotor blade. Héreby any necessary work may be performed using a
relatively light construction. Further the safety standard is enhanced since a person
using the device according to the invention may be secured in a reliable and
dependable manner and since such a person need not move around on a platform that
may e. g. be swerving under the influence of the wind and which may be slippery in

moist conditions.

Furthermore, it is achieved’that the device can be transferred to the rotor blade in a
relatively uncomplicatqd fnannér; without using extensive machinery, while still
keeping the device relatively small in relation to the size of the state of the art wind

turbines.

Preferably, as specified -in claim 2, said frame structure may have an open

configuration.

Hereby, it is achieved that the device can readily be transferred to the rotor blade at a
convenient place along the length of the rotor blade instead of being placed at the
rotor blade at the tip of the blade, where the distance to the tower is relatively large,
thereby making such an operation relatively complex, when the size of currently used

wind turbines is taken intov consideration.

Alternatively, as specified in ;élaim 3, said frame structure may have a closed
configuration and may be adapted for being opened, e.g. by having a releasable

frame part and/or one or more frame parts that are pivotal.
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Hereby, it is also achieved that the device can readily be transferred to the rotor blade
at a convenient place along the length of the rotor blade in a relatively simple

manner.

According to an advantageous embodlment as spec1ﬁed in claim 4, said means for
supporting the device in relat1on to sald structure may be adapted for supporting the
device in relation to a front edge arear edge and/or a side part of said structure, e. g.

a rotor blade of a wind turbme

Hereby, it is achieved that the device can travel along the rotor blade in a controlled
manner, supported against suitable parts of the structure, where the surface of the
rotor blade is not subjected to any harmful contact, i.e. since the device is designed
for contacting the parts of the rotor blade having the necessary rigidity and
sturdiness. Thus, the device may‘als'o be designed for supporting against the side of a

rotor blade.

According to a further advéutageeué embodiment, as specified in claim 5, said means
adapted for supporting -the' device-in. relation to a front and a rear edge of said
structure, e. g. a rotor blade ofa wind turbine, rﬁay be displaceable, e.g. in the lateral

direction and/or the lohgitudinal direction of the device,

Hereby, the device can readily travel along the length of the rotor blade, while the
support means are automatically adapted to the actual size and/or shape of the rotor
blade. Furthermore, the transferi of the device from the tower to the blade is

facilitated in this manner.’

Preferably, as specified in claim 6, said means adapted for supporting the device in
relation to a front edge of said structure, e. g. a rotor blade of a wind turbine, may be
in the form of elongated rollers that may be angled in relation to each other and that
further may be inclined e.g: "downwards and/or upwards, depending on the direction

of movement.
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Hereby, the front edge support can be designed in a felatively simple manner and

furthermore in such manner that adjustments can be kept at a minimum.

According to a preferable embodiment, as specified in claim 7, said means for
supporting the device in relation to said structure may be adapted for supporting the

device in relation to a rear edge of said structure, e. g. a rotor blade of a wind turbine.

Hereby, it is achieved. tha.tA the device can travel along the rotor blade in a manner,
where the surface of the rotor blade is not subjected to any harmful contact, i.e. since
the device is designed for contacting the parts of the rear edge of the rotor blade
having the necessary rigidity and sturdiness, e.g. a region near the rear edge on both
sides of the blade.

Preferably, as specified in claim 8; said means for supporting the device in relation to
said structure may comprise a rear guide. and support arrangement comprising a
plurality of wheels or the like, at least one of which adapted for supporting against
either side of the structure, e.g. said:rotor blade.

Hereby, it is achieved that said:plurality of wheels are expediently arranged on a

common unit,

{ i
£, PO

Advantageously, as specified in claim 9; said plurality of wheels or the like may be
carried by wheel carriages, which facilitate a movement in the lateral direction of the

device, e.g. towards said rotor blade. --

Hereby, the control of the position of the wheels in relation to the rotor blade is
facilitated, e.g. in view of' the wvarying size of the rotor blade along the length.
Further, it is noted that the carriages may be equipped with various actuators for
moving the wheels as well as various sensors for measuring e.g. the force or pressure

with which the wheels are influencing the rotor blade or vice versa.
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Preferably, as specified in claim 10, said front guide and support arrangement may be
movable in the longitudinal direction of the device.
Hereby, the control of the position of the wheels in relation to width and/or position
of the rotor blade is facilitated. .

Advantageously, as specified in claim 11, said means for supporting the device in

relation to said structure may comprise a front guide and support arrangement.

Preferably, as specified in claim 12, said front guide and support arrangement may
comprise a plurality of rollers or the like, which are pivotable in relation to the frame

structure.

Hereby, the front edge support can be designed in a relatively simple manner,
whereby the need to perform adjustments can be kept at a minimum. Furthermore,
since the rollers are pivotable in relation to the frame structure, the frame can be
opened in a simple manner when the device is transferred to the rotor blade or when

the device is released from the rotor blade in order to return to the tower.

According to a further preferable:embodiment; as specified in claim 13, said front
guide and support arrangement may:comprise a plurality of rollers or the like, which
are designed with a cylindrical middle part and end parts with the diameter being
reduced towards the ends, e.g. with a conical or a torpedo shape at each end, whereby
the need to adjust the inclination in the vertical plane may be avoided, e.g. since the
movement of the rollers along the front.edge of the rotor blade will be self-regulating
in nature. Furthermore, the rollers may be designed with a surface having a suitable

friction characteristic, e.g. a small friction.

According to a further preferable embodiment, as ‘specified in claim 14, the device
may further comprise means for supporting the device in relation to a nearby

structure, e.g. a wind turbine tower,
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Hereby, the lifting and lowering of the device along the tower is facilitated.

Advantageously, as specified in claim 15, said means for supporting the device in
relation to a nearby structure may be configured for displacing the device in relation
to said nearby structure, e.g. when the device is transferred to or removed from said

structure, e. g. a rotor blade of a wind turbine.

Hereby, the operations performed when the device is transferred to the rotor blade or
returned to the tower again are facilitated.

Preferably, as specified in claim' 16, said means for supporting the device in relation
to a nearby structure may be configured for adjusting the position, e.g. the angle of

the device in relation to said nearby structure.

Hereby, it is achieved in a relatively simple manner that the device can be controlled
with great accuracy, when for example it has reached a height where it is desired to
contact the rotor blade. This may be of particular importance when operating in

windy conditions.

According to a further aspect of the invention, as specified in claim 17, said means
for supporting the device in relation to a nearby structure may be configured for
supporting against said nearby structure at least at two points in the vertical direction,
and wherein means for supporting the device at least at one of these points are

adjustable in relation to the nearby structure, e.g. the surface of a wind turbine tower.

Hereby, it is achieved that the device can be transported along the surface of the
tower, even when the surface comprises obstacles or the like, for example in form of
flanges or the like or in the form of various equipment such as for-example antennas

that are located at the tower. "

Still further, as specified in claim 18, the frame structure may comprise a track for

carrying an object.
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Hereby, the desired flexibility of the device is achieved in an expedient manner since
the object may be moved along the. circumference of the rotor blade, whereby the
complete surface of the rotor blade can be accessed, e.g, via the track that may be

designed in various manners.

Preferably, as specified in claim ;19, the object may comprise a work platform

adapted to carry one or more individuals.

Further, as specified in claim 20, the object may comprise a tool, a robot, an
apparatus etc. for performing an operation on the rotor blade in a more or less

automated manner.

Still further, as specified in-claim 21, the object may comprise two or more work

platforms, gondolas, tools, robots; apparatuses, etc.

Advantageously, as specified ‘in ‘claim: 22, said two or more work platforms,
gondolas, tools, robots; apparatuses, etc. may be independently movable. Hereby, it
is achieved that e.g. two persons or more may be working individually, e.g. at each

side of the rotor blade, whereby the device can be utilized in a fully efficient manner.

According to a further preferable embodiment, as specified in claim 23, one of said
two or more work platforms, gondolas, tools, robots, apparatuses, etc. may be

configured as a master unit and the other(s) may.be configured as slave unit(s).

Hereby, it is achieved that the primary control of the device can take place from the
master unit, e.g. the control of the height of'the device, the transfer to and from the
rotor blade etc., which evidently.can not be controlled by a plurality of persons or
objects in an efficient manner, whereas the control of the position of the individual
platforms along the perimeter of thé rotor blade, the angular position of the work

platforms etc. can efficiently.be performed from each of the individual units.
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Advantageously, as -specified :in claim 24, said two or more work platforms,

gondolas, tools, robots, apparatuses, etc. may be configured for being connected

together to form a single gondola, work platform, tool, robot, apparatus, etc.

Hereby, a flexible design of the .device is achieved, allowing the objects, e.g. work
platforms, tools, robots, apparatuses, etc. to be used in any desired manner and in

view of the actual circumstances.

Preferably, as specified in claim 25, the object may comprise seating for one or more

individuals.

Advantageously, as specified in claim 26, the object may comprise control means for

controlling the position of the object in relation to the track portion.

Hereby, the person or the persons using the device may control the device and in
particular their own position, e..g. work:position in relation to e.g. the surface of a
rotor blade, in an optimal manner. Further, the work platform may comprise control
means for controlling the lifting/lowering ‘and the positioning in relation to the
structure, which control means fn'ay*be in the form of a joystick or the like and by
means of which any controllable part may be individually controlled and/or
controlled simultaneously with other parts. Further, it is noted that a gyroscopic

arrangement may be included in the control system.

Preferably, as specified in claim 27, the frame structure may form an essentially

elongated structure.

Hereby, the device can efficiently be used for e.g. servicing a wind turbine rotor
blade, since the elongated configuration provides the possibility of reaching all parts
of the surfaces of the rotor blade; when:the device is moved along the rotor blade. It
is noted that even though the frame structure has been exemplified as having an
essentially U-shaped form; various other forms are possible. It should be mentioned

that for example rectangular, triangular, circular, oval forms etc. may be used as
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well. Further, forms having an L-shape, V-shape, etc. may also be used, and it is
noted that forms allowing access to a restricted part only of the rotor blade, for
example only one side of the rotor blade, are possible and are within the invention as

characterized in the claims.. . -« ;

In accordance with a further preferable embodiment, as specified in claim 28, said
means for lifting and/or lowering the device in relation to the structure may comprise
power means such as electric motors, electric, electronic, hydraulic and/or pneumatic

means for lifting, lowering and/or displacing the device in relation to the structure.

Hereby, the device will be able to lift and/or lower itself without power assistance
from e. g. a hoist located at a vehicle or a vessel. Thus, the device will be able to
operate independently, e. g. without concérﬁ for power assistance from other devices.
This further enhances safe ‘operation since accidents caused by a power failure at a
ground vehicle or a vessel:are prohibited. Particularly when operation at sea is
concerned, e. g. at sea wind. turbines; such an independent configuration is preferable
since a support vessel may. be unstable, e. g. subjected to waves, current, wind etc.
Thus, an arrangement at sea where.a vessel provides the elevation by e.g. hoist (s)
located on the vessel is prone to accidents.and malfunction, and therefore a device
comprising power means:as mentioned above is advantageous not only in general but

especially at sea. L b

Further, it is noted that even when power supply to such a device is subjected to
failure, e. g. when electric power is cut.off, a device according to the invention will
be able to be manually operated, e. g.'to-be hoisted to the ground and will in general

present a safe work tool for all involved, in particular persons occupying the device.

Advantageously, as specified. in claim 29, the' device may further comprise control

means for controlling the lifting and/or lowering means.

Such control means may be controlled from a platform as explained above or from

e.g. ground level, for example when an automated operation is taking place.

Tt Ty
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Advantageously, as specified in claim 30, the device may be adapted to assist
individuals in performing inspection, work, repair, surface treatment etc. on a rotor

blade of a wind turbine. ,

According to a particular advantageous embodipent, as specified in claim 31, said
one or more objects gu.ided'by se;id t;ac_l{ ﬁéﬁioﬁ, e.g. an object in the form of a work
platform, a gondola, a tool, a :g‘lblo“t,‘ an »appara(tus, etc. may comprise means for
adjusting the position in relation to said track porﬁon, e.g. transverse to the direction

of the track portion.

Hereby, it is achieved that in in.stances,‘ where an object being guided by the track
portion is not positioned optimally in reiation to the rotor blade, e.g. at a suitable
work distance, the object can be, displaced ﬁntil it reaches the desired distance. This
may be particularly important, where thé track portion has a gap, for example at the
open end of the frame structure of the device, e. g at the front edge of the rotor blade.
The adjustment or displacement 6f tll'elobject may be achieved in various manners,
for example by having the object being suspended in an S-shaped suspension, which
can be rotated, whereby the adjustment igperformed in a circular motion. Further the
adjustment can be performed via"a'l linear movement, for example using a linear

actuator, a beam structure or the like

Expediently, as specified in claim 32, said means for lifting and/or lowering the
device in relation to the structure may be connected to one or more lines, wires or the

like.

Such wires or lines etc. may be connected to any suitable location on the wind
turbine, e.g. the nacelle, the hub; the tower etc, and they may be permanently fixed.
Furthermore, it is noted that in'accordance with the invention, the device can be
operated using only two such lines or Wireé, one connected at a point near the rear of
the device and one connected to a point along the length of the frame structure. As it

is explained herein, the device is balanced, e.g: by adjusting the position of one or
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both of these connection points, for example on the basis of measured parameters
and/or gyroscopic inputs. Further, it is noted that by such an arrangement it is
achieved that during the operation of the' device, the lines or wires will not get in

contact with the rotor blade.

According to a particular advantageous -embodiment, as specified in claim 33, the
device may further comprise means for changing the direction of one or more of the
lines or wires, by means of which the device is hoisted, lifted and/or lowered with,

thereby altering the balance of the device.
Hereby, a balancing of the device as describéd above is facilitated.

According to a still further aspect: of the invention, as specified in claim 34, the
device may further comprise’ dampening means for performing a dampening action

of the device in relation to said structure, e.g. a wind turbine rotor blade or tower.

Since the device may be used and operated at considerable heights, it is apparent that
the structure itself, e.g. the wind turbine, and the device, for example the frame
structure, a work platform,-a gondola etc. will be-affected by the environment, e.g.
influenced by the wind, turbulerices,’ etc. In-order to counteract such influences, the
device according to any of the'embodiments déscribed herein may be equipped with
means for effecting a dampening of the undesired influences. Such dampening means
may be passive, but preferably or in addition to passive dampening means active
dampening means may be used. Such active dampening means may be controlled by
control means, for example integrated with the central control means for the device,
and the control of the active dampening means may take place on the basis of input
signals from e.g. sensor means,. by means of which for example wind speed,
turbulence, vibrations etc; may be measured. Hereby it is achieved that the mass of
the device including work platform, gondola, personnel, tools, etc. may be used to
dampen the movements of the structure itself, for example a rotor blade, in such a

manner that even in windy conditions the structure, e.g. a rotor blade, will be stable
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and relatively immobile. Hereby? t}_ie Working conditions including the safety of the

personnel are also improvéd corll‘siderably.‘. ‘

Expediently, as specified in claim 35., said dampening means may be passive

dampening means.
. . ) :
Preferably, as specified in claim 36, said dampening means may be active dampening

means, whereby an enhanced efficiency is achieved.

Advantageously, as specified in claim 37, said active dampening means are

controlled by control means.

Advantageously, as specified in claim 38, said active dampening means may be
controlled on the basis of input.signals from e.g. sensor means such as e.g. wind

sensors, accelerometers, etc.

Expediently, as specified in claim 39, said device may comprise a control system for
automatically controlling actuators, hoisting means etc. of the device on the basis of
control input from e.g. gyroscopic sensor(s), pressure sensor(s), optical sensor(s),

strain gauge sensor(s) and/or other sensors.

Hereby, at highly automated operation of the device is achieved and furthermore, an
enhanced user friendliness-and an enhanced efficiency is achieved since for example
the user need not to attend to various compensative control operations in order to
counteract changing wind, changing balance as the device is moved up and down
etc., but can concentrate on the work that has to be performed.

According to a further advantageous embodiment, as specified in claim 40, said
device may be adapted for being permanently fixed at said structure, e.g. at a nacelle
of said wind turbine, and adapted for being operated by lowering and transferring the

device to a rotor blade.
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Hereby, a practical solution is provided for the wind turbines that are being built and
will be built with considefqble heights and sizés, where the permanent allocation of a
device in accordance with the invepftion is justified, e.g. when taking into account the
time and resources needed for lifﬁng a device to the necessary level, e.g. 200 - 400

meters or more above ground level.

Furthermore, the invention relates to a method of enabling access to a rotor blade of
a wind turbine, whereby t

- a device comprising a frame s’;ructuré, means for supporting the device in relation
to said structure, and mean’s’for lowérling‘ and/or lifting the device in relation to the
wind turbine is placed’near said wind turbine essgntially at ground or sea level,

- the device is lifted in relation td said wind turbine by means of at least one line,
wire or the like connected to said wind turbine,

- when the device has reachéd a suitable level, the rotor blade is contacted by support
means at an edge of the rotor blaaé; which support means are movable in relation to
said device, RECA i

- at a higher level contact to the rotor blade is established by support means at both
edges of the rotor blade, and ‘

- the device is lifted and/or ldwefed in rélétion to the rotor blade while supported by

said support means at both'edges of the rotor blade.

Hereby, it is achieved that access to a rotor blade at a wind turbine can be effected in
an expedient manner using a device for performing e.g. service operations, when the
device is lifted along the rotor tower and transferred to the rotor blade not at the tip
of the rotor blade, but at a level, where thé distance from the tower to the rotor blade
is convenient. Hereby, a number of advantages are achieved, including reduced costs

and resources.

Preferably, as specified inclaim 42, one or more objects in the form of a work
platform, a gondola, a tool, a robot, -an apparatus, etc. may further be attached to a

track portion of said device before lifting said device in relation to the wind turbine.

' i
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Hereby, it is achieved that the device may be made ready for operation in an
expedient manner, for example when the device is transported to the actual work site
on e.g. trailer or a similar transport rﬁeans, the frame of the device is connected to the
lines or wires, lifted a suitable distance and the necessary number of work platforms,
gondolas, tools, robots, apﬁaratus_es, etc, e.g. one or two, is/are connected to the track
portion, before the device if lifted upwards. Similar applies when the device is

returned to the ground.

Expediently, as specified in claim 43, said device may be supported in relation to the

tower of the wind turbine while being lifted.

Hereby, it is achieved that the device is lifted and/or lowered in a stable and

controlled manner.

Advantageously, as specified .in iclairh» 44, said step of establishing contact to the
rotor blade at both edges of the rotor blade may be performed at a level at or near
“chord max”-level, and/or at a level where a minimum distance between the front

edge of the rotor blade and the to‘wér‘exists. ‘

Hereby, the transfer of the device can be effected in a particular simple manner and
in a manner whereby the size, weight, complexity etc. of the device in relation to the

size of the wind turbine is minimized. -

Expediently, as specified in claim 45, the wind turbine is initially arranged with a
rotor blade essentially. vertical and with the rear edge of the rotor blade near the

tower.

Hereby, optimal working:conditions are achieved, e.g. with the edge of the rotor
blade facing any possible wind and wheteby the device may expediently contact the
edge as soon as possible when being lifted upwards, whereby increased stability is

achieved.
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The invention will be described, in detail in the following with reference to the

drawings, in which

fig. 1

fig. 2

figs.3-6

fig. 7

fig. 8

fig. 9

fig. 10

fig. 11

fig. 12

shows a device acqqrding to a first aspect of the present invention in a
perspective view,

shows the device ‘show in, fig. 1, but with the frame in an open
configuration,

show the functional features of the device according to this
embodiment in connection with a wind turbine,

shows the device in a schematic manner seen from above and in
connection with a rotor blade, .

shows a device. according to a further embodiment of the present
invention in a perspective view,

shows in a schematic manner one of the guide and support
arrangements comprising dampening means,

shows an example of a control system for an active dampening system
in accordance with.a further aspect of the invention,

shows a further embodiment of a device according to the invention seen
in a side view,

shows the device shown in fig. 11 from above,

figs. 13a— ¢ show the device seen from the rear end with different positions of a line

guiding arm, -+ .-

figs. 14 — 16 show the device with the frame opened in order to receive a rotor blade

and seen from the side, from above and from the front end,

respectively, -

figs. 17 — 19 show a device in views corresponding to figs. 14 — 16, but showing a

rear guide and support arrangement in a position corresponding to a

relatively small width of the rotor blade,

figs. 20 — 22 illustrate the function of a:further support wheel arrangement for a

device being hoisted upwards along a wind turbine tower,
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fig. 23 shows in“a cdrresponcﬁhg view the use of the further support wheel
arrangement for displacing the device away from the tower,

figs. 24a,b  show tﬁe ﬁse of the further support wheel arrangement for adjusting the
position of the dcviég, s.een‘irvl a side view and from above, respectively,

figs. 25a,b  show a device seen fromA the front end, illustrating the different angular
positions of .t‘he Isﬁpiqort uvvheel arrangements, when the device is
moving upwards and ldoWnyvards; fcspectively, and

fig. 26 show a work | ple'ttlfc‘)rm. or gondola according to a still further

embodiment.
Detailed description

In figs. 1 and 2 a device 100 according t;Q a first aspect of the present invention is
shown in a schematic manner. This device comprises a frame 102, which has a
support structure 104, e.g. in the form of a beam, a beam structure, a lattice structure
or the like. A pair of frame legs 106 and 108 are connected to this support structure

104 and further a front cross-bar or traverse 112 is located between these frame legs.

The device 100 can be elevéted by.means of a number of hoisting means, e.g. a hoist
120, which is connected to’ the support structure 104 and a further hoist or plurality
of hoists, e.g. a pair of hoists 122 and 124 as shown, which each are connected to one
of the frame legs 106 and 108. These hoists, which may be electric, electric,
electronic, hydraulically or pneumatically driven, comprise lines or wires 126, which

may be connected to fixing points at e.g. the top of a wind turbine tower, nacelle etc.

The device comprises a front guide and support arrangement 116, which comprises a
number of rollers or wheels for example four as shown, and a rear guide and support
arrangement 118, which also comprises a number of rollers or wheels. The front
guide and support arrangement 116 is placed on the front cross-bar or traverse 112,
and the rear guide and support arrangement 118 may be placed on the support
structure 104 or on a separate cross-bar or traverse (not shown). These guide and

support arrangements may each be moved independently in the lateral direction, and
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further the cross-bar(s) or tfaverée(s), on‘which they are placed, may be moved in the
longitudinal direction. - Coen

Further, the device 100 comprises a track 132, that possibly may be an endless track
or a track corresponding essentially to the length of the legs 106 and 108 and the part
of the support structure 104 connecting these. On this track a gondola or work
platform 130 is supported in such a manner that the gondola can be located at
preferably any position along the frame 102: as it will be explained later, more than

one work platform 130 can be carried by the device 100.

As shown in fig. 2, the frame 102 may be opened, e.g. by disconnecting the front
cross-bar or traverse 112, that may comprise a number of subparts 112a and 112b,
and by pivoting one or both of the frame légs 106 and 108. As it will be explained
later on, the frame 102 may be opened by pivoting both the subparts 112a and 112b,

for example to a vertical position as shown for the subpart 112b.

The use of the device 100 will be explained in further detail with reference to figs 3 —
6, which illustrate the device 100 in schematic. manner, e.g. showing the frame 102
with the gondola 130 placed underneath. the frame. The device 100 has been placed
at a wind turbine, e.g. near the tower 2:The rotor blades 4 have been stopped in a
position with one of the blades’ f)’binting downward and with the rear edge of the
blade 4 facing the tower 2. The wires or lines 126 have been connected to fixing
points at the top of the wind turbine, e.g. at the tower 2, at the nacelle 3 or at the hub.
and the device 100 is being elevated as shown in fig. 3, i.e. using the hoists 120, 122
and 124. The device may be supported against' the tower 2 during the elevation, e.g.
by means of rollers or the like placed on the frame 102 and possibly on the gondola
130. ’ '

When the device is being elevated, the frame is open, for example as shown in fig. 2,
at least when the device reaches the level of the tip of the rotor blade 4 as shown in
fig. 4 thereby allowing the rotor blade to gradually enter the inner space of the frame
102. EEEEE TR
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When the device 100 has reached a level,'e.g. as shown in fig. 5, where the frame
102 may be closed around the rotor blade, the frame legs 106 and/or 108 are moved
to the closed position and/or the front cross-bar or traverse 112 is connected again,
thereby establishing the closed frarhe structure. It will be understood that the rear
edge of the rotor blade, which is facing the tower, will be supported by means of the
rear guide and support arrangement 118 (cf. fig. 2), and that the front guide and
support arrangement 116 will be:placed in such a manner that it will engage the front
edge of the rotor blade, e.g. by moving the front cross-bar or traverse 112 in the
longitudinal direction and/or by moving the front guide and support arrangement 116
to either side along the traverse 112. It will also be understood that the rear guide and
support arrangement 118 likewise may be moved in the longitudinal direction and/or

the lateral direction.

When the frame 102 has. been' closedvand the. support arrangements have been
brought into contact with the rotor blade, the device 100 may now be lowered and/or
lifted along the rotor blade 4 as shown in fig. 6 by means of the hoist 120, 122 and
124 and the lines 126, and the gondola 130 may be moved along the track 132 to

essentially any position at the rotor blade.

It is noted that at least some of the hoists 120.— 124 may be displaced, e.g. along the
the support structure 104 and/or along the frame legs 106 and 108 as shown in figs. 1

and 2 in order to achieve e.g. a desired balance.

When the necessary work has been performed on the rotor blade 4, the device 100
will be brought to the position as shown in fig. 5 before the frame 102 is opened

again etc. and the device is being lowered downwards.

The device 100 according to this' embodiment will be further explained with
reference to fig. 7, which shows the device in a highly schematic manner seen from
above and in connection with a rotor-blade 4. As explained, the gondola (not shown

in fig. 7) will be able to travel along a track, which is placed on the frame 100, e.g.
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along at least part of the two legs 106 and 108, possibly along the front traverse 112
and possibly along at least‘p‘art o‘f'thé support structure 104 or along a rear traverse
134, if such a rear traverse is present.' Thué, it"will‘be understood that the distance
from the surface of the rotor bléde to the gondola may be considerable, at least at
certain locations along the length of the rotor blade, since the frame will have to have
a sufficient size to accommodate the largest dlmenswns of the rotor blade. Therefore,
in order to achieve an op‘umal dlstance the two guide and support arrangements 116
and 118 may be demgned to be able to move in the lateral direction as shown with
the arrows, depending e.g. on the ‘actual position of the gondola. As previously
explained, one or both of these two gulde and support arrangements 116 and 118
may also be designed for moving ih the longitudinal direction of the frame, e.g. by

moving the front traverse 1 12 and/or a rear traverse 134 as also indicated in fig. 7.

It is apparent that this embodiment of the invention may be used as explained in
connection with the other embodiments described herein for a wide variety of
applications and that the features that have been described in connection with these
other embodiments and as characterized in: the claims, also may find use in

connection with this aspect of the inventibn.

A further embodiment according td this -aspect of the invention will be described
with reference to fig. 8, which shows a device 100 that in general is similar to the
device shown in figs. 1 and 2, althoﬁgh‘ with a few important differences. Thus, the
device 100 shown in fig. 8 comprises a frame 102 that has a rear support structure

104, a pair of frame legs 106 and 108 and further a front cross bar or traverse 112.

The frame legs 106 and 108 are according to this embodiment rigidly connected to
the rear support structure 104, whereas the front cross bar 112 is connected to e.g. the
frame leg 108 in such a manner that it may be pivoted, for example turned upwards
and/or outwards, whereby the frame 102 may be seen as having a general U-shape,
and whereby this U-shape may be closed when the front cross bar 112 is turned back
to the position shown in fig. 8. As shown in fig. 8, the front cross bar 112 need not
actually connect the two frame legs 106 and 108, when it is in the “closed” position.

LI
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It is clear that the frame 102 of this device, wh1ch also comprises a lattice
strengthening construct1on connected to the frame 102, will also define an inner

space 101 for accommodatmg a rotor blade or a similar structure.

The front cross bar 112 comprises also a l'ront guide and support arrangement 117,
corresponding to the front guide and sllpport arrangement 116 shown in fig. 1, but
here comprising a pair of elongated rollers. These rollers 117 are angled in relation to
each other, substantially providing 2 V-shaped arrangement for accommodating the
front edge of the rotor blade Furthermore these rollers 117 may be inclined in the
vertical plane as well, i.e. bemg t11ted with their outer ends slightly downwards or
slightly upwards and adjusted in the these positions. This will serve to facilitate an
optimal movement between the clevice and for example a rotor blade, since the
inclination of the rollers will prevent an undesirable friction between the rollers and

the rotor blade when the device is moving upwards or downwards, respectively.

Furthermore, the device 10(l hasa rear ‘adjustable support 111 comprising a cross
beam 113 having for example a pa1r of Wheels 115 or the like for supporting against
e.g. the wind turbine tower as the dev1ce is being hoisted to the upper part or the
wind turbine. The rear adJustable support 111 can be adjusted in relation to the frame
102 of the device 100. For example, it may be moved close to the frame 102, for
example when the device ls being!hoisted up or down, and when the device has
reached a height, where the rear edge of the rotor blade 4 is at a suitable small
distance from the tower 2,.in many praotical instances a minimum distance, cf. fig. 5,
the rear adjustable support 111 ean be controlled to move the cross beam 113 with
the pair of wheels 115 away from the frame 102, thereby pushing the frame 102 that
has been opened, e.g. the front cross bar or traverse 112 has been turned upwards, to
a position where the rotor blade is fully positioned in the inner space 101. Hereafter,
the front cross bar or traverse 112 can be closed again, and when the rear adjustable
support 111 is retracted agaih, the device will be supported against the front edge of
the rotor blade by means of the rollers 117.
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As also described in connection with figs. 1 and 2, the device 100 can be elevated by
means of a number of hoisting means, e.g. a hoist 123 and a hoist 125 as shown in
fig. 8, which is connected to the frame, in ;che shown example to the frame leg 108
only. These hoists, Whiéh may - be electric, electric, electronic, hydraulically or
pneumatically driven, comprise lines. or wires (for reasons of clarity not shown in fig.
7), which may be connected.to fixing points at e€.g. the top of a wind turbine tower,
nacelle ete. In comparison with, the device shown in figs. 1 and 2, it is noted that the
device shown in fig. 8 has fewer hoisting means, e.g. two as shown that furthermore
may be located on one and the same side of the rotor blade. Thus, the number of lines
is reduced, thereby making the device more flexible and easy to work with. The
reduction of the number of hoisting means is accomplished since the device is
equipped with features for supporting and/or balancing the device, when it is hanging

in the lines, as it will be explained in the following.

As also shown in fig. 8, the device 100 may have side controlling wheels 119 and
141, that may support the device against the sides of the rotor blade preferably near
the rear edge of the blade -

The side controlling wheel. 119 is. placed on a first wheel carriage 107 that is
configured for being moved along the frame leg 108 as indicated. As shown this first
wheel carriage 107 may also serve to at least partly carry the rear adjustable support
111. The wheel 119 may thus be. moved in the longitudinal direction of the frame
102, for example in order to adapt the position to the size and shape of the rotor
blade, and the wheel 119 can also-be adjusted in relation to the surface of the rotor

blade, e.g. moved closer towards or farther away from the axis of the rotor blade.

The side controlling wheel 141 is placed on a second wheel carriage 109 that is
configured for being moved along the frame leg 106 as indicated. The wheel 119
may thus be moved in the longitudinal direction of the frame 102, for example in
order to adapt the position to the size' and shape of the rotor blade. As shown, the

wheel 141 is located on a pivotable support arm 121, whereby the wheel 141 can also
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be adjusted in relation to the surface of the rotor blade, e.g. moved closer towards or

farther away from the axis of the rotor blade.

It is noted that the wheels 119 and 141 are located at different levels, also in relation
to the frame 102, and that they, and in particular the higher placed wheel 141, may
serve to balance and stabilize the device in relation to the rotor blade. In this respect
it is noted that this is of particuléf*irhportance since the device is hanging from a few
lines from e.g. the top of the wind'tower, the nacelle, the hub of the rotor blade or
any other suitable spdt. Thus, the device will try to take a position influenced by
gravity and in order to gain a stable position, the side controlling wheels 119 and 141

are adjusted as explained above.

A further means of performing a 'balaribing is represented by the line guiding arm
129 that has a pair of linebull'eys 127 for guiding the line from the hoisting means
125 to the point, where the line ‘is fixed e.g. at the top of the wind turbine tower,
nacelle, hub etc. This line guiding arm 129 is pivotable and the top of this arm may
thus be moved closer toward the centre line of the device or farther away from the
centre line. Thus, the effective support point for the line to the hoisting means 125
can be moved in relation to the device, meaning that the device will be suspended at
two points, one being the location of the hoisting nmieans 123 at one “corner” of the
device 100, and the other béing fhe location of the top of the line guiding arm 129
that may be moved essentially frém the diametrically opposed “corner” of the frame
to the “corner”, where the hoisting means 125 is located. It will thus be understood

that hereby also a balancing of the suspended device is achieved.

As it has explained above, the device shown in fig. 8 is configured for being used in
the following manner. The device is lifted up from the ground or sea level by means
of the hoisting means 123 and 125, while the rear adjustable support 111 travels
along the tower. The frame 102 is opened, e.g. the front cross bar 112 is tilted

upwards.



WO 2007/085265 PCT/DK2007/000042

10

15

20

25

30

26

When the device is at a suitable height, where the distance to the rotor blade is
convenient, e.g. in view of the distance to the front edge of the rotor blade and/or the
rear edge of the rotor blade, for example at or near the location usually referred to as
“chord max”, and/or where the distance to the front edge of the rotor blade is at a
minimum or at least sufficiently small, the movement upwards is stopped and the
rear adjustable support 111 is controlled to push the opened frame closer to the rotor
blade, until the front cross bar 112 can be moved e.g. downwards again. Hereafter,
the rear adjustable support 111 may be retracted, whereby the device now will
support against the rollers 317. Furthermore, during these operations or afterwards,
the two wheel carriages 107 and 109 may be moved from the end of the frame 102
towards the rotor blade until they are near-the rear edge of the blade, and the wheels
119 and 141 can be moved inwards until they support against the surface of the rotor
blade. If necessary, they can be adjusted until a suitable balance is achieved. Further,

the line guiding arm 129 may be adjusted as explained above.

It is noted that the two wheel carriégés 107 and 109 may be moved from the end of
the frame 102 towards the rotor blade until they are near the rear edge of the blade,
and the wheels 119 and 141 can be moved .inwards until they support against the
surface of the rotor blade, before the rear adjustable support 111 may be retracted.
Thus, it will be understood, that the device may be secured and balanced in relation
to the rotor blade, before the support in relation to the tower is removed.
Furthermore, it will be understood that it is of importance that the distance between
the tower and the rear edge of the rotor blade is of such a magnitude that the wheels
119 and 141can get in contact with the rotor blade, when the device is transferred to
the rotor blade. It will also be understood that it is important that the distance to the
front edge of the rotor blade allows the device to be secured to the rotor blade at the
front, e.g. by “closing” of the frame, for example when the front cross bar 112 is
moved e.g. downwards again and the rollers 117 are brought in contact with the rotor
blade. Further, it is noted that the wheels 119 and ‘141 can get in contact with the
rotor blade and the balance may be established before or after the front cross bar 112

is moved e.g. downwards again.
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The device may now be mc:>ved downwards and upwards on the rotor blade,
controlled by the hoisting means 123 and 125, while simultaneously the support and
balancing means, e.g. 107, 119, 109, 121, 141 and 129, may be adjusted, controlled

by control means, in order to achieve a suitable working position.

When the necessary work haé been ‘per.fo:rmed, the device 100 is brought to the level
where it was transferred to the r0‘t9r Blade, e.g. a level for example at or near the
location usually referred to as “chord max”, and/or the level where a minimum
distance between the froﬁt edge of the rotor blade and the tower exists, and the
operations described above are now performed iﬁ a reverse order, e.g. the rear
adjustable support 111 is broughi into contact with the tower, the front cross bar 112
is lifted, the wheels 119 and '141' is retracted from the rotor blade (not necessarily in
that order), and the device is moved f(;wards the tower and allowed to travel

downwards.

Further, it is noted that the device 100 qdmpri’ses a track 132, on which an object
such as a robot, a tool, an apparatus, a gondola or a work platform 130 is supported
in such a manner that the e. g gdndola can be loéated at preferably any position along
the frame 102, e.g. as exblained in connection with the previous embodiments, for
example using e.g. an endless track. It is noted, though, that as shown in fig. 8, the
track may not be endless, si,nce‘it may not be connected from for example the front
cross bar 112 to the frame leg 106, meaning that it may be necessary to travel around
the frame 102, if it is desired to move from a location on the front cross bar 112 to
the frame leg 106. However, -fof practical purposes, such a track may be seen as
being endless, since substantially all parts of a rotor blade can be attended to, which
also. applies to other embodiments described ‘in this application. However, it is
apparent that devices having a track for transporting a work platform, which track
only corresponds to part of the circumference of a rotor blade, for example only one

side, are possible.

Furthermore, it is noted that'an object, e.g. a gondola or work platform may comprise

more than one movable work platform,.e.g. for example two work platforms that

1
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may be moved essentially independently on the track 132 on the frame 102. One of
these may be a master gondola and the other may be a slave gondola, meaning that
the device 100 may be controlled from the master gondola, for example as regards
the movement up and down on the e.g. rotor blade, whereas this may not be possible
from the slave gondola. Both of these gondolas may be controlled to be moved along
the track 132, independént of each other. They may also both be controlled to be
moved towards or away from the surface of the rotor blade, and they may possibly
also be moved in other manners, for example moved an angle, e.g. rotated, etc.
Hereby, it is made possible that work can be performed by two or more persons on
different areas of e.g. the rotor blade, but at the substantially same level, whereby the
work can be performed quicker and more efficiently than if the same number of
persons were placed in one and: the ‘same gondola. According to a particular
embodiment, a master and a slave gondolé may be connected to each other, possibly
in such a manner that they may be used as a single gondola or work platform. Such
arrangements as described above with two ‘or more platforms may also be used in
connection with other embodinients ' déescribed herein, and vice versa, features
described in connection with gondolas and platforms described in other embodiments
herein may also be used ‘in "connection. with such a. master/slave arrangement,
including the use of control equipment; joysticks etc. that are easily handled, seating
arrangements in the gondolas, screenings, means for containing equipment, tools etc,
which may possibly be removable, etc. Similar applies when objects in the form of

robots, tools, apparatuses etc. are used in connection with the device.

According to a further aspect of the invention, the device for enabling access to a
structure such as a wind turbiné rotor, wind turbine tower etc. may be provided with
means for facilitating a dampening of the device of the device itself, but more
importantly the structure, on which the device is used. Since the device may be used
and operated at considerable heights, it is:apparent that the structure itself, e.g. the
wind turbine, and the device, for example the frame structure, a work platform, a
gondola etc. will be affected by the environment, e.g. influenced by the wind,
turbulences, etc. In order to' counteract, e.g. neutralize such influences, the device

according to any of the embodiments described herein may be equipped with means
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for effecting a dampening of the undesired influences. Such dampening means may
be passive, but preferably or.in addition to passive dampening means active
dampening means may be used. In particular, the weight or mass of the device
including work platform, gondola, personnel, tools, etc. may in this manner be used
to dampen the movements of the structure itself, for example a rotor blade, in such a
manner that even in windy .conditions the structure, e.g. a rotor blade, will be stable
and relatively immobile. Hereby, the working conditions including the security of the
personnel are also improved considerably, and work may be performed in conditions

where it previously has not been found possible to work in a secure manner.

This further aspect is illustrated in figs. 9 and 10, where fig. 9 in a schematic manner
illustrates one of the guide and support arrangements, here the front guide and
support arrangement 116 that supports the device against the front edge of the rotor
blade 4, when the device is moved up and down and when the device is parked. It
will be understood that what is described in the following with reference to a front
guide and support arrangement-116 may also find use in connection with a rear guide

and support arrangements..

The front guide and support arrangement 116 may comprise a pair of wheels 150,
which are located on bearing means 152, which may be located on a carriage 154. As
explained above, the front guide and support arrangement 116 may be displaced
laterally along the front traverse 112, and this front traverse 112 may also be
displaced in a direction perpendicular to the direction, in which the carriage 154 may
be moved as also explained in connection with fig. 7. Passive dampening means,
such as for example spring' means, may be used in the connections between e.g. the
wheels 150, the bearing means 152, the carriage 154 and/or the front traverse 112
etc. in order to achieve a dampening of undesired influences. However, in addition or
instead, active dampening means may be used, for example connected between these
components. For example, ‘active electric, electronic, hydraulic or pneumatic
dampening means méy be used, and/or the respective moveable elements may be
controlled to counteract the undesired influences. This is illustrated in fig. 10,

showing a control system for performing an active dampening of the device. By
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means of such a system, thé devicé incluciing thé frame parts, the work platform, the
gondola, the tools, fhe personnélx Ietc.l may be controlled to move in a direction
opposite the directioﬁ, 1n which the structui‘é, for example the rotor blade, is being
influenced to move, for lexar,nple caused by the wind, whereby movements of e.g. the
rotor blade are reduced éonsiderably or possibly even completely avoided. Thus, it
will be understood that the device may be controlled by the system to move in a
counter-acting pattern, e.g. w1th the same frequency as the structure but in opposite
directions and with an amphtude that corresponds to the amplitude of the structure,
but taking into consideration the dlffcrence between the mass of the device and the
mass of the structure. Théreby, the mass of the device may be used to control the

movement of the mass of the structure.

It will be understood that actiyé dampenirig may take place on one or both of the
illustrated front and rear guide and support arrangements and that other support

arrangements may be involved as well or instead of these.

Such a control system comprises control means 160, for example computerized
control means that may be integrated with'the general control system for the device.
The control means 160 may receive input from one or more sensors, e.g. 162, 164,
166, for example accelerometg:rs; anemometers etc, and on the basis of such input
signals one or more active damﬁening means, e.g. 170, 172, 174, 176 may be
controlled. Further, the control means 160 may receive input signals, for example
feedback signals, as well from the activé dampening means, e.g. 170, 172, 174, 176.
As mentioned above, the- active. dampening means may for example be electric,
electronic, pneumatically, hydraulically, electric driven means, which will be
apparent to the skilled person. Further, a wide variety of such active dampening

means may be used, which will be apparent for a person skilled in the art.

As explained above, such active dampening means may be used in connection with
the front and rear guide and support arrangements, which support the device against
the front and rear edges of the rotor blade, when the device moves up and down the

rotor blade and when the device is parked. It is obvious, though, that such dampening
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means may also be used when the device is used in connection with other structures,

and further, the dampening means may be used in connection with other elements

than the front and rear guide and support arrangements.

It is further apparent that this embodimeﬁt of the invention may be used as explained
in connection with the othér embodiments for a wide variety of applications and that
the features that have been des‘c;;ibed in conne;ction with these other embodiments
and as characterized in the claims, also may find use in connection with this further

aspect of the invention.

A further embodiment of a device in accordance with the invention for enabling
access to a structure above ground level such as a rotor blade of a wind turbine will

be explained with reference to figs. 11 to 26.

This device 200 is shown in fig, 11 seen from the side and it is shown in fig. 12 seen
from above. It is noted that equipmentvsuch as one or two work platforms, robots,
tools, etc. and hoisting means are not shown in these and the following figures,
which show basic elements of the frame 202 in a schematic manner. Thus, it will also
be understood that electric elements, electronic control devices etc. are not shown in
these figures. Furthermore; it is noted that the device 200 comprises a track (not
shown) corresponding. to the track described in'connection with the device 100
described above. This track is designed for carrying one or more objects, such as one

or more work platforms, robots, tools, etc.

The frame 202 has an essential U-shaped form with two frame legs 206 and 208,
connected at one end by a rear support structure 204, Preferably, the abovementioned
track may form part of the frame legs and the rear support structure. Furthermore, the
frame 202 has a strengthening lattice structure 208 placed above the frame legs. The
device 200 is designed to perform essentially as the embodiment shown in fig. 8 and
as explained in connection with figs: 3 - 6, e.g. for being hoisted up along a wind

turbine tower while being supported to the tower by means of rollers or wheels 216.
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Furthermore, the device 200 comprises further support wheels 215 or the like, the

function of which will be explained later on. .

The device 200 comprises a front guide and support arrangement comprising a pair
of elongated rollers 217 that preferably may be shaped as shown in figs. 11 and 12,
e.g. with a diameter, being reduced towards the ends, and being designed with a
surface having a suitable friction characteristic, e.g. a small friction, whereby the
device may expediently be hoisted up and down a rotor blade, while the rollers 217
roll up and down the front edge of the rotor blade, cf. e.g. fig. 7. The rollers 217 are
carried by front supports 212, that are carried by the frame legs 206 and 208. It will
thus be understood that the front guide and support arrangement is not designed for
being moved in the direction of the frame legs, but as it will be explained in the

following, the rollers 217 may be pivoted in relation to the frame legs 206 and 208.

The device 200 further comprises a rear guide and support arrangement 218 for
supporting the device in relation to the rear edge of the rotor blade. In the shown
embodiment, this comprises four support wheels 219 or the like, but it will be
understood that two may be used, one placed at each side of the rotor blade. Each of
these support wheels 219 are supported by wheel carriages 207 that are tiltable in
relation to the vertical plane of'the device, controlled by e.g. control arms 210,
whereby the position of the wheels 210 can be selectively adjusted, e.g. in order to
accommodate a rotor blade. Further, the rear guide and support arrangement 218 can
be displaced in the longitudinal direction of the device, which will be exemplified in
the following. Finally, the device comprises a line guiding arm 229, which is located
at the rear of the frame 202, e.g. at the rear support structure 204. A hoisting means
(not shown), for example corresponding to the hoisting means 120, 122 or 124
shown in figs. 1 and 2, is located at the upper end of the line guiding arm 229. A
further hoisting means is located at the frame leg 208, possibly in such a manner that
its position in the longitudinal direction of the frame leg 208 can be adjusted. The
device 200 is designed for being lifted -and lowered using only these two hoisting

means, but it will be undefstood that more than two may bé used, if found expedient.
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In figs. 13a — 13c the device 200 is shown from the rear end in order to illustrate the
function of the line guiding arm 229, which as explained above will be equipped with
a hoisting means near the top or at least a means for directing the hoisting line, such
as for example a pulley. As shown, the line guiding arm 229 can be adjusted in the
lateral direction, i.e. by rotating it in'relation to its bearing 230, whereby it may be
placed in positions from the right as'shown in fig. 13a via a middle position as shown
in fig. 13 b to the far left as shown in fig. 13c. As explained in connection with
previous embodiments, this is controlled on the basis of parameters such as the load
on the individual support wheels 219, input from a gyrometer, input from other
sensors etc., whereby the device can be balanced and whereby for example the actual

position of a work platform can be compensated for.

It will be understood that instead of using a pivotable line guiding arm 229, other
means may be used for adjusting the position of the hoisting line. For example, the
hoisting means connected to-the rear end of the device 200 may be connected to a
horizontal beam or the like (not shown), which extends across the frame 202, and
which has controllable means, e.g. an electric or electronic actuator for adjusting the
position of the hoisting means and thus also he hoisting line in a range corresponding
to the width of the frame 202 or: preferably mote, corresponding to the effective
control range achieved by the line guiding arm 229, cf. fig. 13a — 13c. Other means

may be used as well, which will be apparent to a skilled person.

The function of the device 200 will now be explained with reference to figs. 14, 15,
and 16, which show the device in a position, where the rollers 217 of the front guide
and support arrangement, carried by the front supports 212, has been turned outwards
as shown in fig. 15, whereby thé frame 202 is opened in order to receive a rotor
blade. This may for example take place, when the device is being hoisted upwards
along the tower. Further, the rear. guide and support arrangement 218 has been
moved towards the open end of the frame, and as it can be seen in fig. 16, the support
wheels 219 has been moved to an outer position, whereby the rear edge of the rotor
blade is free to enter the inner:space of the frame. When this happens, it will be

detected by means of sensors, for.example: optical sensors placed at the open end of

<t . B
: T
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the frame 202 and/or at the rear guide and support arrangement 218, and the support
wheels 219 will be moved fowaras the surface of the rotor blade, until they contact
the surface of the rotor blade at a predetermlned region near the edge. As the rotor
blade moves into the open frame, as the device is hoisted further upwards, the rear
guide and support arrangement 218 is moved towards the tower, controlled by the
control system on the basis of sensor inputs, in order to have the support wheels
bearing against the rotor blade in the predetermined region near the rear edge. It will
later be described in deta11 how the device is moved towards the rotor blade and how
the device is closed around the rotor blade e.g. when the front support rollers 217 are
returned to the closed position, in which the device can be hoisted up and down the
rotor blade by the hoisting means, while the rear support wheels 219 and the front
support rollers 217 are supporﬁng and guiding‘ the device against the rotor blade.

In this operative mode, the rear aguide and support arrangement 218 will be moved
back and forth in the frame in cérrespc;ndence with the varying width of the rotor
blade, which is illustrated in figs. 17, 18 and 19, where the rear guide and support
arrangement 218 is in a po’sition eorre;pending to a relatively small width of the
rotor blade. It will be underétooéi that during these movements, the balance of the
device may be adjusted bj? means of the line guiding arm 229, in correspondence
with the actual position of the device, the actual position of the work load, e.g. the

one or two work platforms, gondolas etc., the wind load etc.

The function of the further support wheels 215 will now be described with reference
to figs. 20 — 24b, where figs. 20 — 23 shows a device 200, while it is being hoisted
upwards along a wind turbine tower 2. The wind turbine tower may not have a
completely smooth surface and furtherrnore, certain equipment may be placed at the
surface of the tower, whereby the advance‘ of the device maybe prohibited. For
example, the tower may be 'niociular and be connected at outwards extending flanges
or the like. Further, equinment such as cellular communication antennas or the like
may be placed along the tOWCI“.’ Such obstacles are indicated with the reference

number 20 in the figures.
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In fig. 20, the support wheels 216 have reached such an obstacle, which is detected
by sensors. As shown in ﬁg 21, the further support wheels 215, which are carried by
support arms 211, activated by actuators 240, are now pushed towards the tower,
whereby the device is displaced ‘a. distance from the tower, sufficient for the support
wheels 216 to pass the obstacle. When the further shpport wheels 215 reach the
obstacle 20, the further support y\%heels 215 are retracted again, allowing the support
wheels 216 to take over‘ ’agein as shown in fig. 22. It will be understood that this
arrangement requires that the length of the support arms 211 exceeds the length of
the obstacles. When moving downwards the tower, this arrangement will operate in a

similar manner, which will be apparent to a skilled herson.

The further support wheels 215 tnay have a further function as illustrated in fig. 23,
where the arrangement comprising the support arms 211 and the actuators 240 are
extended fully in order to «achie\'/e that the device can be transferred to the rotor
blade, cf. fig. 5. Thus, this arrahgemeht may be.used instead of an adjustable support
111 as shown in fig. 8. |

A further use of the ful;ther’s'upport'wheel -arrangement 215 is illustrated in fig. 24a
and 24b, showing the devi,ceseeh from the side and from above, respectively. When
at least two further support wheels 215, e.g. 215a and 215b, are used, and when these
are individually adjustable, as shown by‘the arms 211a and 211b and the actuators
240a and 240D, this may be used for controlling the angular position of the device in
relation to the tower, which for example may be used in windy conditions to “catch”

the rotor blade, when the device is being hoisted up along the wind turbine tower.

It will be understood that a support wheel arrangement and/or a further support wheel
arrangement comprising more than.two wheels may be used, for example in order to
increase stability. Thus, this or these wheel arrangements may extend along a larger

part of the perimeter of the wind turbine tower.

A further advantageous' embodiment will now be explained with reference to figs.

25a and 25b, which show a device according to the invention seen from the front
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end, i.e. towards the tower. It will be understood that the device is moving up a rotor
blade (not shown) in fig. 252 and down a rotor blade as shown in fig. 25b. In order to
enhance stability, the supp§ﬁ wlieels 219 are arranged on short forks 242, These
forks 242 are tiltable, contrblléd by e.g. éontrol arms 210, in order to shift from one
position as shown in fig. 25a when moving upwards to another position as shown in
fig. 25b when moving downwards. Thus applies for the four support wheels 219
shown in figs, 25a and 25b, even ﬂiough only the uppér wheels have been referred to.
In this manner it is achieved that the actual point of contact between the wheel and
the surface of the rotor blade alWays will be lagging, i.e. placed behind the position
pointed at by the fork 242, whereby increased stability is achieved which will be
apparent to a skilled person. Furthermo‘re, it is noted that this is achieved while

maintaining the position of the centre of the wheels 219 unchanged.

A further embodiment of the invention will be explained with reference to fig. 26,
which shows a gondola or Work'p'latform 230 for use in connection with the device
200, e.g. for being connected tthh‘e track on the frame 202. The gondola may be
formed as an open cage of ‘aluininiﬁm tubés', possibly with fenders for preventing that

the gondola damages the windmill blade being inspected, serviced or repaired, etc.

The cage can accomrﬁodéte" one, tvs}o or even more individuals. The gondola also
comprises a control panel 290 which allows the individual (s) using the gondola to
move the gondola around the windmill blade and lift and/or lower the gondola
relative to the blade. The up and down movements of the gondola can for example be
provided by use of a Joystick. Further facilities such as rooms for repair equipment
etc. can also be provided. Furthermore, as shown with slashed lines, the gondola 230
can be provided with an eccentric suspension 285, e.g. an S-shaped suspension,
which provides the possibility that the position of the gondola may be adjusted when
the suspension is rotated. It will be understood that the suspension 285 can be rotated
at the connection 284 as well as at the connection 286, which for example is
connected to the track of the ﬁame 202 or the frame 102 of the embodiment shown
in figs. 1 and 2. The rotation can'be controlled for example by the control panel 290.

This embodiment is of particular importance, when a frame is used, where the track
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does not extend along a full perimeter of the rotor blade, cf. for example fig. 12, from
which it will be understood that the front edge of the rotor blade may not be within
reach, when a platform or gondoldis moving along e.g. the frame leg 206. Here, the
user may activate the S-shaped suspension 285, whereby the gondola 230 can be
brought closer to the rotor blade, corresponding maximally to the length of the
horizontal part of the S-shaped suspension 285. It will be apparent to a skilled person
that the suspension can be designed in various other manners than the one shown in
fig. 26. In essence, a horizontal movement of the gondola 230 is achieved.
Furthermore, it will be understood that an object in general being supported by the
device 200 or 100 can be operated corresponding to, what has been explained above

for the gondola 230.

Furthermore, it is noted that the functioning of the devices 200 and 100 have
primarily been explained in connection with one or more work platform, gondolas or
the like, where these have been used by one or more workers and controlled by these.
However, it will be understood that the control can also be performed at e.g. ground
level and that e.g. a person in a master platform may control the operation of a slave
platform or a slave unit that may for' example perform a job in a more or less
automated manner. Further, it will be understood that the device 100 or 200 may
perform in a automated or sémi-automated manner, for example without any persons
situated in or at the device. Thus, the one or more objects carried by the device in its
track may thus be operative units, designed for performing a work operation,
possibly controlled from ground: level and controlled by a control system, which
receives input from e.g. sensors, vision systems, etc. which will be apparent for a

person skilled within the field of robotics, automation etc.

Furthermore, it is noted that the device described above in addition to hoisting means
etc. comprise a number of actuators,' motors, etc. and that these may be designed in
numerous manners and in accordance with. the practice within the relevant field.
Thus, these may be designed as pneumatically or hydraulically driven means and
further they may be designed as'electric/electronically driven means, which will be

apparent to a skilled person.
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Patent Claims

1. A device for enabling access to a structure above ground or sea level, in particular
a rotor blade of a wind turbine, by lowering and/or lifting the device in relation to the
structure, the device comprising

- a frame structure, )

- means for supporting the device in relation to said structure,

- means for lowering and/or lifting the device in relation to the structure,

wherein at least part of the frame structure comprises a track portion, the track
portion being adapted to guide an, in relation to the track portion, movable object
along the track portion,

wherein said means for supporting the device in relation to said structure are
configured for positioning said device in relation to the structure, and

wherein said means for supportihg the device in relation to said structure are
configured for facilitating a movement of said device essentially in the longitudinal

direction of said structure. - . C

2. The device according ‘to claim 1, wherein said frame structure has an open

configuration.

3. The device according to claim 1, wherein said frame structure has a closed
configuration and is adapted for being opened, e.g. by having a releasable frame part

and/or one or more frame parts that are pivotal.

4. The device according to any of claims 1 - 3, wherein said means for supporting the
device in relation to said structure-are adapted for supporting the device in relation to
a front edge, a rear edge and/or a side part of said structure, €. g. a rotor blade of a

wind turbine.

5. The device according to claim 4, wherein said means adapted for supporting the

device in relation to a front and a rear edge of said structure, e. g. a rotor blade of a
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wind turbine, are displaceable, e.g. in the lateral direction and/or the longitudinal

direction of the device.

6. The device according to claim ‘5, wherein said means adapted for supporting the
device in relation to a front edge of said structure, e. g. a rotor blade of a wind
turbine, are in the form of elongated rollers that are angled in relation to each other
and that further may be inclined e.g. downwards and/or upwards, depending on the

direction of movement,

7. The device according to any of claims 1 - 6, wherein said means for supporting the
device in relation to said structure are adapted for supporting the device in relation to

a rear edge of said structure, e. g. a rotor blade of a wind turbine.

8. The device according to any of'claims 1 - 7, wherein said means for supporting the
device in relation to said structure comprises a rear guide and support arrangement
comprising a plurality of wheels or the like, at least one of which adapted for

supporting against either side of the structure, e.g. said rotor blade.

9. The device according to claim 8, wherein said plurality of wheels or the like are
carried by wheel carriages, which facilitate 'a movement in the lateral direction of the

device, e.g. towards said rotor blade.

10. The device according toclaim 8, -wherein said front guide and support

arrangement is movable in the longitudinal direction of the device.

11. The device according to any of claims 1 - 10, wherein said means for supporting
the device in relation to said structure comprises a front guide and support

arrangement. S

12. The device according to claim .11, wherein said front guide and support
arrangement comprises a plurality of rollers or the like, which are pivotable in

relation to the frame structuré. -



WO 2007/085265 . PCT/DK2007/000042

10

15

20

25

30

40

13. The device according to claim 11, wherein said front guide and support
arrangement comprises a plurality of rollers or the like, which are designed with a
cylindrical middle part and end parts with the diameter being reduced towards the

ends.

14. The device according to any of claims 1 - 13, further comprising means for

supporting the device in relation to a nearby struéture, e.g. a wind turbine tower.

15. The device according to claim 14, wherein said means for supporting the device
in relation to a nearby structure are configured for displacing the device in relation to
said nearby structure, e.g. when the device is transferred to or removed from said

structure, e. g. a rotor blade of a wind turbine.

16. The device accordirig to claim 14 or 15, wherein said means for supporting the
device in relation to a nearby structure are configured for adjusting the position, e.g.

the angle of the device in relation to said nearby structure.

17. The device according to claim 14, 15 or 16, wherein said means for supporting
the device in relation to a. nearby strucﬁifé ére configured for supporting against said
nearby structure at least at two points in the vertical direction, and wherein means for
supporting the device at least at one of these points are adjustable in relation to the

nearby structure, e.g. the surface of a wind turbine tower.

18. The device according to any of claims 1 - 17, wherein the frame structure

comprises a track for carrying an object.

19. The device according to claim 18, wherein the object comprises a work platform

adapted to carry one or more-individuals.

RN
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20. The device according to claim 18, wherein the object comprises a tool, a robot,
an apparatus etc. for performing an operation on the rotor blade in a more or less

automated manner.

21. The device according claim 18, 19 or 20, wherein the object comprises two or

more work platforms, gondolas, tools, robots, apparatuses, etc..

22. The device according to claim 21, wherein said two or more work platforms,

gondolas, tools, robots, apparatuses, etc. are independently movable.

23. The device according to claim 21 or 22, wherein one of said two or more work
platforms, gondolas, tools, robots, apparatuses, etc. are configured as a master unit

and that the other(s) is/are configured as slave unit(s).

24, The device according to claim 21, 22 or 23, wherein said two or more work
platforms, gondolas, tools, robots, apparatuses, etc. are configured for being
connected together to form a single gondola, work platform, tool, robot, apparatus,

etc.

25. The device according to any. of claims 18 - 24, wherein the object comprises

seating for one or more individuals.

26. The device according to a.ny' of claims 18 - 25, wherein the object comprises
control means for controlling the position of the object in relation to the track

portion.

27. The device according to any of claims 1 - 26, wherein the frame structure forms

an essentially elongated structure. .

28. The device according to anny of claims 1 - 27, wherein said means for lifting

and/or lowering the device in relation to the structure comprises power means such
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as electric motors, electric, electronic, hydraulic and/or pneumatic means for lifting,

lowering and/or displacing the device in relation to the structure.

29. The device according to claim 28, further comprising control means for
controlling the lifting and/or lowering means.

30. The device according‘to ahy“of claims 1 - 29, wherein the device is adapted to
assist individuals in performing inspection, work, repair, surface treatment etc. on a

rotor blade of a wind turbine.

31. The device according to any of claims 1 - 30, wherein the one or more objects
guided by said track poi*tion, e.g. an object in the form of a work platform, a gondola,
a tool, a robot, an apparatus, etc. éomprises means for adjusting the position in

relation to said track portion, e.g. transverse to the direction of the track portion.

32. The device according to any 6f claims 28 - 31, wherein said means for lifting
and/or lowering the device in relation to the structure are connected to one or more
lines, wires or the like. 5 )
33. The device according to aﬁy‘of claims ‘28 - 32, further comprising means for
changing the direction of one or more of the lines or wires, by means of which the
device is hoisted, lifted -and/or lowered with, thereby altering the balance of the

device.

34. The device according to any of claims 1 - 33; further comprising dampening
means for performing a dampening action of the device in relation to said structure,

e.g. a wind turbine rotor blade or tower.

35. The device according to claim 34, wherein said dampening means are passive

dampening means.
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36. The device according to claim 34 or 35, wherein said dampening means are

active dampening means.

37. The device according to claim 36, wherein said active dampening means are

controlled by control means.

38. The device according to 'claim_ 36 or 37, wherein said active dampening means
are controlled on the basis of input signals from e.g. sensor means such as e.g. wind

sensors, accelerometers, etc.

39. The device according to any of claims'1 - 38, wherein said device comprises a
control system for automatidally controlling actuators, hoisting means etc. of the
device on the basis of control input from e.g. gyroscopic sensor(s), pressure

sensor(s), optical sensor(s), strain gauge sensor(s) and/or other sensors.

40. The device according to any of claims 1 - 39, wherein said device is adapted for
being permanently fixed at said structure, e.g. at a nacelle of said wind turbine, and

adapted for being operated by lowering and transferring the device to a rotor blade.

41. A method of enabling access to a rotor blade of a wind turbine, whereby

- a device comprising a frame structure, means for supporting the device in relation
to said structure, and means for lowering and/or lifting the device in relation to the
wind turbine is placed near said wind turbine essentially at ground or sea level,

- the device is lifted in relation to said wind turbine by means of at least one line,
wire or the like connected to'said wind turbine,

- when the device has reached a suitable level, the rotor blade is contacted by support
means at an edge of the rotor blade, which support means are movable in relation to
said device,

- at a higher level contact to the rotor blade is established by support means at both
edges of the rotor blade, and- -‘

- the device is lifted and/or lowered in relation to the rotor blade while supported by

said support means at both edges of the rotor blade.
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42. The method according to claim 41, whereby further one or more objects in the
form of a work platform, a gondola, a tool,-a robot, an apparatus, etc. is/are attached
to a track portion of said device before lifting said device in relation to the wind

turbine.

43. The method according to claim 41 or 42, whereby said device is supported in

relation to the tower of the wind turbine while being lifted.

44, The method according'to claim 41, 42 or 43, whereby said step of establishing
contact to the rotor blade at both-edges of the rotor blade is performed at a level at or
near “chord max”-level, and/or at a level where a minimum distance between the

front edge of the rotor blade and the tower exists.

45, The method according to any of claims 41 - 44, whereby initially the wind
turbine is arranged with a rotor blade essentially vertical and with the rear edge of the

rotor blade near the tower.
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