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DESCRIPTION

[0001] The invention relates to a door frame of a wind turbine tower.

[0002] WInd turbines comprise a rotor, a nacelle and a tower. The rotor Is rotatable connected
to the nacelle and the nacelle Is rotatable connected to the tower.

[0003] The wind interacts with the rotor of the wind turbine. Due to the interaction, forces are
Introduced Into the wind turbine. The forces lead to loads In the tower. The tower needs to be
rigid enough to withstand the loads.

[0004] The tower of a wind turbine Is often manufactured of steel. Cylindrical steel segments
are combined to form the tower. The thickness of the segments Is calculated accordingly, so
that the tower can bear the loads.

[0005] Every opening In the tower wall weakens the rigidity of the tower. Openings In the tower
wall are necessary to form an entrance into the tower, for example. In the case of a door
opening, a door frame Is introduced Iinto the opening along the edge of the tower wall. The
door frame reinforces the tower in the area of the door opening to compensate the weakening

effect of the door opening. Examples of reinforced door frames in wind turbines are known
from WO 2006/050723 A1,EP 2 840 259 A1 and DE 10 2008 035350 A1.

[0006] The door frame Is often welded or bolted to the tower wall. The door frame Is able to
partially compensate the effect of the door opening, on the other hand it changes the

distribution of loads in the tower wall.

[0007] Thus, the door frame shows the disadvantage that the stress in the tower wall
Increases in the area of the tower wall around the door opening. Thus, the parts of the tower
wall In the area around the door opening are designed with an increased thickness, to
compensate the higher stress levels. Thus the tower wall gets heavier and more expensive.

[0008] The aim of the Invention Is therefore to provide an advanced door frame that
overcomes the drawback of the prior art.

[0009] The object of the invention Is achieved by the independent claim 1. Further features of
the Invention are disclosed in the dependant claims.

[0010] A door frame arrangement of a wind turbine Is disclosed, whereby at least a segment of
a wind turbine tower comprises a tower wall of a certain predetermined thickness.

[0011] The tower wall comprises a through-going hole in the wall of the wind turbine tower as a
door opening to allow the entrance into the tower. The tower comprises a frame that imits the
clearance of the door opening. The frame leads along the edge of the hole In the tower wall to
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reinforce the tower and to compensate the loss of stability resulting from the opening in the
tower wall.

[0012] The frame comprises a first part and a second part, whereby the first part of the frame
abuts on the edge of the tower wall, and a second part limits the clearance of the door
opening.

[0013] The thickness of the second part of the frame Is bigger than the thickness of the first
part of the frame and the thickness of the first part of the frame iIs bigger than the thickness of

the tower wall.

[0014] Wind turbine towers are often made of metal. A wind turbine tower can be
manufactured in one piece or it can be manufactured in several segments that are then
connected to build a wind turbine tower.

[0015] The wind turbine tower carries the nacelle with the rotor of the wind turbine. The wind
acts on the rotor of the wind turbine and induces forces into the nacelle and the tower. The
forces are transferred over the tower into the foundation and the ground. Thus, the tower
needs to shows a certain rigidity to be able to transfer the forces from the rotor and the nacelle
of the wind turbine into the ground.

[0016] Therefore, the tower comprises a tower wall with a certain predetermined thickness,
whereby the thickness of the material is predetermined in a way that the tower is capable of
transferring the forces.

[0017] Often, an opening In the tower Is needed to provide access to the interior of the tower
for personnel or for the transportation of spare parts. An opening in the tower wall, cut into the
tower wall as a through-going hole, changes the distribution of forces in the tower wall and thus
weakens the tower wall.

[0018] The weakening effect of the opening In the tower needs to be compensated. This Is
often done by adding a door frame to the door opening in the wall of the wind turbine tower. A
hole cut Into a tower comprises leads to a surface of the tower material at its sides, that
represents a cut through the tower mainly in radial direction with a width of the surface mainly
equal to the thickness of the tower wall. The frame is connected to the wind turbine tower wall
abutting on the radial surface of the edge of the hole in the tower wall. Thus, the frame covers
the opening In the tower wall and leads from the inside of the tower to the outside of the tower.

[0019] The frame comprises a first part and a second part, whereby the parts show a certain
thickness of the material they are made of. The thickness of the material is measured In a
radial direction along the radius of the wind turbine tower.

[0020] The first part of the frame Is arranged close to the edge of the tower wall that limits the
hole In the tower wall. The second part of the frame I1s arranged next to the first part of the
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frame and limits the opening of the door in the tower wall.

[0021] The first part and the second part of the frame have a different thickness of the material
they are made of. The thickness of the first part of the frame i1s bigger than the thickness of the
tower wall.

[0022] The thickness of the second part of the frame Is bigger than the thickness of the first
part of the frame.

[0023] The first part of the frame Is arranged next to the tower wall and the second part of the
frame 1s arranged next to the first part of the frame In a serial manner to the first part. Thus
there Is a first change in the thickness of the material from the tower wall to the first part of the
frame. Then there i1s a second change In the thickness from the first part of the frame to the
second part of the frame before the second part of the frame limits the door opening In the
tower wall.

[0024] The frame Is attached to the tower wall in a way that forces can be transferred from the
tower wall to the frame in the door opening and back into the tower wall. Thus, the tower wall
Influences the distribution of forces in the tower wall. Thus, the door frame compensates for
the opening in the tower wall.

[0025] The Influence of the door frame on the distribution of loads in the tower wall can lead to
an uneven distribution of the loads. This can lead to high stress points in the tower wall close to
the door opening.

[0026] The two parts of the frame with the different thickness of the material have a different
Influence on the distribution of the loads and the tower wall. Due to the difference and the
thickness of the two frame parts, the loads and the tower wall are distributed more evenly and
stress points with a higher aggregation of forces and loads in the tower wall can be avoided.

[0027] Areas with high loads and high stress points are problematic in a way that they lead to
fatigue In the tower wall and reduce the lifetime of the material of the tower wall. Thus, a frame
with parts of different thickness that lead to a more even distribution of the forces in the tower
wall prolong the lifetime of the tower and reduce fatigue effects in the material of the tower.

[0028] The frame itself can be made of at least one block of material with areas of different
thickness or can be formed out of at least two separate blocks of material with different
thickness that are connected to form the frame.

[0029] The door frame comprises an area between the first part and the second part of the
door frame where the thickness of the door frame increases at least partially in a continuous
way from the thickness of the first part of the door frame to the thickness of the second part of
the door frame.
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[0030] A transient area Is present In the door frame between the part with the first thickness
and the part with the second thickness, where the thickness of the door frame Is increased
from the thickness of the first part to the thickness of the second part. The thickness Is
Increased at least partially in a continuous way.

[0031] Edges and corners with a very small radius lead to a stress concentration in the
material and thus lead to a higher fatigue in the door frame. By a transfer of the thickness at
least partially in a continuous manner, thus with a higher radius, these stress concentration is
avolided. A radius In this sense can be 5 mm or bigger for example.

[0032] Thus fatigue of the material can be reduced at the change of the thickness Iin the door
frame.

[0033] The thickness of the frame changes in a stepwise manner from the first part to the
second part.

[0034] The first part of the frame Is less thick than the second part of the frame. The thickness
changes from the first part of the frame to the second part of the frame in a step. The stepwise
manner in the change of the thickness leads to an edge comprising a mainly radial surface In
the frame between the first part of the frame and the second part of the frame.

[0035] A frame with a stepwise change In the thickness from the first part to the second part
already Is easler to be produced by forming or machining the material. Thus, production time
and material is saved during the production of the door frame.

[0036] This can, for example, be a transition with a combination of a rounded inner edge and a
more or less sharp outer edge.

[0037] The change In the thickness of the material from the first part to the second part might
be achieved In a stepwise manner by one step. This is the easiest form to produce the door
frame. Thus, the production process is simplified.

[0038] The change In the thickness of the door frame can also be achieved in more than one
step, thus the load distribution In the tower wall and the reduction of fatigue in the frame is
even more improved.

[0039] The tower wall of the wind turbine 1s of metal and the door frame is of metal.
[0040] Wind turbine towers are often produced of metal. Also, a combination of concrete
towers and metal towers 1Is common. Thus the base of a wind turbine tower can also be of

concrete material.

[0041] The wall of the wind turbine tower Is of metal and the frame of the door is also of metal.
Thus, the frame of the door 1s of the same or an almost identical material as the tower, and
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provides for a more even distribution of forces in the tower wall.
[0042] The door frame Is welded or bolted to the wall of the wind turbine tower.

[0043] The door frame needs to be connected to the tower wall in a way that forces can be
transferred from the tower wall to the door frame.

[0044] The door frame can be welded to the tower wall, thus a ridged connection is formed
between the door frame and the tower wall.

[0045] Also a bolted connection between the door frame and the tower wall provides a
connection ridged enough to transfer forces from the wall to the frame and back.

[0046] Both, a welded and a bolted connection can be performed easily during the production
of the tower or on side at the erection of the tower.

[0047] The thickness of the first part of the door frame Is at least three times the thickness of
the tower wall.

[0048] To compensate the loss of stability due to the opening in the tower wall, the door frame
needs to show a certain rigidity to influence the distribution of loads and forces in the tower
wall.

[0049] To achieve this goal, the thickness of the first part of the frame Is at least three times
the thickness of the tower wall. Thus, a good transfer of forces and a sufficient compensation

of the negative effect of the door opening can be achieved.

[0050] The difference in the thickness of the first part of the door frame and the second part of
the door frame is at least 30 mm.

[0051] To achieve the goal of a more even distribution of the forces in the tower wall, the first
part of the frame and the second part of the frame need to have a different influence on the
distribution of forces.

[0052] This is provided by a different rigidity of the frame parts. To achieve a different rigidity of
the frame parts, the second part of the door frame Is at least 30 mm thicker than the first part
of the door frame.

[0053] The thickness of the first part of the door frame Is at least 150 mm and the thickness of
the second part of the door frame Is at least 200 mm.

[0054] The wall of the wind turbine tower might have a thickness of 50 mm for example. The
thickness of the first part of the frame Is for example 150 mm.
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[0055] The first part of the frame Is connected to the tower wall at the edge of the opening.
Thus, 50 mm of the thickness of the first part cover the 50 mm thickness of the tower. Thus,
100 mm of the thickness of the first part of the frame protrude over the tower wall into the one
and / or the other direction, into the interior of the tower or to the outside of the tower.

[0056] The second part of the frame of the wind turbine tower Is arranged next to the first part
of the frame of the wind turbine tower. The second part of the door frame has a thickness of at
least 200 mm. Thus, 50 mm of the thickness of the second part of the door frame protrude
over the thickness of the first part of the frame. The 50 mm can protrude on one side of the
first part of the frame or on both sides.

[0057] The width of the door frame measured In the direction of the clearance of the door
opening Is at least as big as the thickness of the tower wall.

[0058] The width of the door frame Is the thickness of the material of the door frame and is
measured In the direction of the clearance of the door opening. Thus, a wider frame would
narrow the clearance of the door opening. To provide a stiffening effect for the tower, the door
frame needs to show a certain width. The width of the door frame includes the door frame with
the first and the second part of the frame.

[0059] The width of the door frame at one side of the door opening is at least as big as the
thickness of the tower wall. Thus, the door frame can compensate for the effect of the door
opening In the distribution of the forces in the wall of the wind turbine tower.

[0060] The width of the door frame Is at least 50 mm.

[0061] The wall of the wind turbine tower might show a thickness of 50 mm of example. The
width of the door frame shows at least the same thickness than the tower wall. Thus, the door
frame Is of a width of at least 50 mm.

[0062] The width of the door frame is between 80 mm and 130 mm.

[0063] A further Increase In the width of the door frame leads to a stiffer door frame and thus
to a more compensating effect regarding the effects of the door opening and the wall of the
wind turbine tower.

[0064] An even higher increase In the width of the door frame leads to an incremental increase
IN the stiffness of the door frame but increases the need of material and thus increases the

costs and the weight of the wind turbine.

[0065] Thus, a width of the door frame between 80 mm and 130 mm has proven the best
effect.

[0066] The first and the second part of the door frame are physically separated parts and the
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first and the second part of the door frame are connected to each other in a way that forces
are transferred between the two parts.

[0067] The first part and the second part of the door frame are connected together and the
first part of the door frame Is connected to the wall of the wind turbine tower. The connection Is
performed In a way that forces can be transferred from the wind turbine tower to the first part
of the door frame and from the first part of the door frame to the second part of the door
frame.

[0068] The connection can be achieved by welding or bolts for example.

[0069] Thus, the first and the second part of the door frame can assist in distributing the forces
present in the wind turbine tower.

[0070] The first and the second part of the door frame are connected to each other at a
surface that is arranged mainly in parallel to the direction of the thickness of the door frame.

[0071] The first part and the second part of the door frame are two separate parts that can be

manufactured separately. The parts are then connected to form the door frame of the wind
turbine tower.

[0072] The first part and / or the second part each comprise a certain predetermined width and
a certain predetermined thickness, and can thus show In an easy case a rectangular cross-
section.

[0073] Thus, separate parts are easy to manufacture.

[0074] The first part and the second part of the door frame are then connected together at a
surface, whereby the surface is mainly in parallel to the thickness direction of the door frame
and thus mainly in parallel to the radius of the wind turbine tower.

[0075] The contact surface between the first and the second part of the frame of the wind
turbine tower i1s at least partially in parallel to the edge of the tower wall forming the door
opening. The two parts are connected together and are connected to the tower wall to form the
door frame In the door opening of the wind turbine tower.

[0076] The thickness of at least one part of the door frame varies along the length of the door
frame.

[0077] The length of the door frame Is seen as the extension leading along the edge of the
wind turbine tower wall building the opening of the door.

[0078] The door frame Is leading along the edge of the hole in the wind turbine tower. The
length of the frame Is the dimension leading along the edge of the hole.
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[0079] The thickness of at least one part of the frame can vary along the length of the frame In
a predetermined way. Thus, the frame can shows a different effect in distributing the forces In
the wall of the wind turbine tower depending on the position of the frame along the edge of the
hole.

[0080] Thus, for example, the rigidity of the door frame and thus the stiffening effect of the
door frame can be increased by increasing the thickness of the door frame along the mainly
vertical parts at the side of the door frame.

[0081] Depending on the distribution of forces and the tower and the need for a stiffening
effect of the door frame, the parts of the door frame forming the upper or lower part of the door
frame can be increased In thickness. Thus, a higher stiffening effect is achieved at a lower and
upper part of the door frame.

[0082] The door frame comprises an oval or elliptical shape to avoid corners with the radius of
less than 100 mm In the shape of the door frame along the edge of the tower wall.

[0083] Sharp edges In the door opening In the wall of a wind turbine tower are unwanted as
they lead to an uneven distribution of forces Iin the tower and might lead to local maxima of
loads In the tower wall of the wind turbine tower close to the door frame.

[0084] Especially corners with a radius of less than 100 mm need to be avoided.

[0085] Therefore, the hole In the tower wall and the door frame, and thus the door opening of
the wind turbine tower, comprises an oval or elliptical shape with a minimum radius of 100 mm
or more.

[0086] Thus, the door frame can contribute to a more equal distribution of the forces in the
tower wall. In addition, local maxima with high loads in the tower wall in the area around the
door opening are avoided.

[0087] The Invention I1s shown In more detail by the help of figures. The figures show a
preferred configuration and do not limit the scope of the invention.

FIG 1 shows a wind turbine tower with a door frame,

FIG 2 shows a cross-cut through the door frame of the wind turbine tower.

[0088] FIG 1 shows a wind turbine tower 1 with a door frame 4.

[0089] The wind turbine tower 1 can be manufactured out of wind turbine tower segments or
as a whole tower in one.
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[0090] The part of the wind turbine tower 1 shown In FIG 1 comprises a tower wall defining the
outer surface of the tower 1. The tower segment 1 shown In FIG 1 comprises a flange 2 to
connect the tower segment to a foundation or to another segment of a wind turbine tower.

[0091] To provide an access to the interior of the tower, the tower 1 comprises a door opening
3. The door opening 3 Is achieved by cutting a hole into the wall of the tower 1.

[0092] An opening at the tower 1 weakens the structure of the tower. This effect is
compensated by adding a door frame 4 to the tower 1. The door frame 4 in FIG 1 Is leading
along the edge of the hole Iin the tower 1. The door frame 4 is connected frontal to the surface
of the cut in the tower wall of the tower 1.

[0093] The door frame 4 is connected to the tower 1 In a way that forces are transferred from
the tower wall to the door frame. Thus, the door frame 4 changes the distribution of forces in a
tower 1 close to the door opening 3.

[0094] To achieve a stiffening effect, the door frame 4 shows a certain thickness. The
thickness of the door frame 4 is measured In radial direction along the radius of the tower 1.

[0095] The thickness of the door frame 4 Iin FIG 1 Is changing In a stepwise manner. The
doorframe 4 comprises a first part © and a second part 7 whereby the first part 6 comprises a
lower thickness than the second part 7. The change of the thickness from the first part 6 to the
second part 7 changes at a step 5.

[0096] The thickness can also change at least partially in a rounded manner, for example to
avold a sharp inner edge between the first and the second part.

[0097] The door frame 4 can be built out of at least one piece comprising material with
different thickness. Thus, the first part 6 and the second part 7 are parts of one piece with a
different thickness.

[0098] The frame 4 can also be built out of two separate pieces, whereby a first part 6 has a
different thickness than the second part 7. The two different parts 6 and 7 are then connected
together to form at least the part of the door frame 4.

[0099] The door frame 4 may comprise several segments along its circumference that are
connected to form the shape of the doorframe 4, or the doorframe 4 can be manufactured with
one piece of material leading along the circumference of the doorframe 4. The doorframe 4 Is
then connected to the tower whereby the doorframe Is a abutting face-on to the cross-cut of
the tower in the opening 3 Iin the tower wall 1.

[0100] FIG 2 shows a cross-cut through the door frame 4.

[0101] The tower 1 comprises a wall with a certain predetermined thickness. A door opening 3
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IS present In the wall of the tower 1. The doorframe 4 is divided into a first part 6 and a second
part /.

[0102] The thickness of the first part 6 i1s higher than the thickness of the tower wall 1. The
thickness of the parts of the doorframe and the tower wall Is measured in radial direction along
the radius of the tower.

[0103] The thickness of the second part 7 of the doorframe 4 is even higher than the thickness
of the first part 6 of the door frame 4.

[0104] The door frame with the part 6 and 7 Is connected to the opening In the tower wall,
whereby the door frame abuts on the cross-cut surface of the door opening 3 in the tower 1.

[0105] The door frame 4 is connected to the tower 1 In a way that forces are transferred from
the tower 1 to the door frame 4 and back to the tower 1.

[0106] The thickness of the door frame 4, with the different thickness of the first part 6 and the
second part 7, Influences the distribution of forces in the tower 1 In the vicinity of the door
frame 4 In a positive way. The distribution of forces Is more evenly and areas with an
accumulation of forces Is avoided.

[0107] The illustration in the drawings Is In schematic form. It is noted that in different figures,
similar or identical elements are provided with the same reference signs.

[0108] Although the present invention has been described Iin detall with reference to the
preferred embodiment, it 1s to be understood that the present invention is not limited by the
disclosed examples, and that numerous additional modifications and variations could be made
thereto by a person skilled in the art without departing from the scope of the invention.

[0109] It should be noted that the use of "a" or "an" throughout this application does not
exclude a plurality, and "comprising” does not exclude other steps or elements. Also elements
described In association with different embodiments may be combined. It should also be noted
that reference signs in the claims should not be construed as Iimiting the scope of the claims.
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This list of references cited by the applicant is for the reader's convenience only. |t does not
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Patentkrav

1. D@rrammeindretning af et vindmalletarn,

- hvor mindst et segment af et vindmalletarn (1) omfatter en tarnvaeg af en vis
forudbestemt tykkelse,

- hvor tarnvaeggen omfatter et gennemgaende hul i vaeggen af vindmalletarnet
som en dgrabning (3) til muliggerelse af indgang ind i tarnet,

- hvor tarnet omfatter en derramme (4), der begraenser lysningsabningen af
de@rabningen,

- hvor degrrammen (4) gar langs kanten af hullet i tarnvaeggen til forstaerkning
af tarnet (1) og til kompensering af stabilitetstabet, der skyldes abningen (3) |
tarnveeggen,

kendetegnet ved, at

- derrammen (4) omfatter en ferste del (6) og en anden del (7), der er forbundet
med den farste del (6), hvor den ferste del (6) af darrammen (4) ligger an mod
kanten af tarnvaeggen, og den anden del (7) begraenser dgrabningens lys-
ningsabning (3),

- hvor tykkelsen af den anden del (/) af derrammen (4) er starre end tykkelsen
af den farste del (6) af derrammen (4), og tykkelsen af den ferste del (6) af
darrammen er starre end tykkelsen af tarnvaeggen (1), hvor tykkelsen af ma-
terialet males i en radial retning langs radius af vindmalletarnet, og

- tykkelsen af darrammen (4) aendrer sig pa en trinvis made fra den farste del
(6) til den anden del (7).

2. Darrammeindretning ifalge krav 1, kendetegnet ved, at derrammen (4) om-
fatter et omrade mellem den farste del (6) og den anden del (7) af darrammen
(4), hvor tykkelsen af dgrrammen (4) @ges mindst delvist pa en kontinuerlig
made fra tykkelsen af den farste del (6) af darrammen (4) til tykkelsen af den
anden del (/) af derrammen (4).

3. Darrammeindretning ifelge et af de foregaende krav, kendetegnet ved, at
tarnvaeggen af vindmalletarnet (1) er af metal, og darrammen (4) er af metal.
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4. Derrammeindretning Ifelge krav 3, kendetegnet ved, at derrammen (4) er
svejset eller boltet til vaeggen af vindmalletarnet (1).

5. Darrammeindretning ifalge et af de foregaende krav, kendetegnet ved, at
tykkelsen af den farste del (6) af d@arrammen (4) er mindst tre gange tykkelsen
af tarnvaeggen.

6. Darrammeindretning ifalge et af de foregaende krav, kendetegnet ved, at
forskellen | tykkelsen af den ferste del (6) af derrammen (4) og den anden del
(/) af derrammen (4) er mindst 30 mm.

7. Darrammeindretning ifelge krav 6, kendetegnet ved, at tykkelsen af den
forste del (6) af dearrammen (4) er mindst 150 mm, og tykkelsen af den anden
del (/) af derrammen (4) er mindst 200 mm.

8. Darrammeindretning ifalge et af de foregaende krav, kendetegnet ved, at
bredden af darrammen (4), malt i retningen af dagrabningens lysningsabning
(3), er mindst pa starrelse med tykkelsen af tarnvaeggen.

9. Darrammeindretning ifalge et af de foregaende krav, kendetegnet ved, at
bredden af derrammen (4) er mindst 50 mm.

10. Darrammeindretning ifglge krav 9, kendetegnet ved, at bredden af dar-
rammen (4) er mellem 80 mm og 130 mm.

11. Darrammeindretning ifalge et af de foregaende krav, kendetegnet ved, at
den ferste (6) og den anden (/) del af derrammen (4) er fysisk adskilte dele,
og den farste (6) og den anden (7) del af darrammen (4) er forbundet med

hinanden pa en sadan made, at der overfares kraefter mellem de to dele (6,
7).

12. Dgrrammeindretning ifelge krav 11, kendetegnet ved, at den farste (6) og
den anden (/) del af derrammen (4) er forbundet med hinanden ved en over-
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flade, der er anbragt hovedsageligt parallelt med retningen af tykkelsen af dar-
rammen (4).

13. D@rrammeindretning ifalge et af de foregaende krav, kendetegnet ved, at
tykkelsen af mindst en del (6, 7) af derrammen (4) varierer langs leengden af
dgrrammen (4).

14. D@rrammeindretning ifalge et af de foregaende krav, kendetegnet ved, at
darrammen (4) omfatter en oval eller elliptisk form til undgaelse af hjgrner med
en radius pa mindre end 100 mm i formen af derrammen (4) langs kanten af

tarnveeggen.
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