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(57) ABSTRACT 

This invention relates to a tower for a wind turbine, compris 
ing one or more tubular tower sections, having an outerjacket 
wall and an inward directed flange in its lower and upper ends, 
and at least one platform arranged inside the tower for facili 
tating access for maintenance and repairs to the inner of the 
tower and to the nacelle. The tower also comprises a Support 
structure including at least three elongated tensile load car 
rying members, which each is attached in its upper end to the 
upper flange of the tower section and in its lower end to the 
lower flange of the tower section and which Supports one or 
more platforms that are suspended by the tensile load carry 
ing members while at least one ladder is attached to the 
platforms. The at least one ladder is stabilized in the horizon 
tal direction by transversal tensile load carrying members 
extending from the ladder to the tensile load carrying mem 
bers that are vertically arranged between the upper and lower 
flanges. The invention also relates to a method for arranging 
a platform inside a tower. 
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TOWER, A WIND TURBINE AND A METHOD 
FOR ARRANGING A PLATFORM INSIDEA 

TOWER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S119(a) to DKApplication No. PA 200801594, filed Nov. 17, 
2008. This application also claims the benefit of U.S. Provi 
sional Application No. 61/115,198, filed Nov. 17, 2008. Each 
of these references is incorporated by reference herein in its 
entirety. 

TECHNICAL FIELD 

0002 The present invention generally relates to a towerfor 
a wind turbine, comprising one or more tubular tower sections 
having an outerjacket wall and an inward directed flange in its 
lower and upper ends, and at least one platform arranged 
inside the tower for facilitating access for maintenance and 
repairs to the inner of the tower and to the nacelle. 
0003. The invention also relates to a wind turbine com 
prising Sucha tower and a method for arranging platforms and 
ladders inside a tower of a wind turbine. 

BACKGROUND 

0004 Towers of the kind mentioned above are commonly 
used in wind turbines for supporting a nacelle, including a 
generator driven by rotor blades, on a desired level above the 
ground or surface of the water in case of an offshore wind 
turbine. The tower comprises one or more tubular tower sec 
tions of steel having a circumferential jacket wall. The tower 
sections normally have a circular cross section but also other 
cross sectional shapes could be conceivable, Such as an oval 
shape. Moreover, the tower can optionally be cylindrical or 
slightly truncated conical. Each tower section is formed with 
an inward directed flange in its lower and upper ends. In case 
the tower is composed of two or more tower sections, the 
sections are interconnected end to end by means of a bolt 
connection through the flanges. Also, the tower is mounted to 
a foundation by means of a bolt connection through the flange 
in the lower end of the lower tower section, and the nacelle is 
mounted to the tower by means of a bolt connection through 
the flange in the upper end of the upper tower section. 
0005. In a lower portion of the tower, a door is arranged 
through the jacket wall and inside the tower is provided with 
Support structures and access equipment, such as platforms 
and ladders in order to allow access to the inner of the tower 
for maintenance and repairs of the inside of the tower and of 
the equipment inside the nacelle in top of the tower. 
0006. In prior art it is known to mount the platforms on the 
inside of the tower by means of bolting and/or welding to the 
jacket wall. For example by welding brackets to the inside 
jacket wall on which the platforms rest. The ladders are there 
after secured to the platforms. One disadvantage with Such a 
solution is that the jacket wall will be weakened when the 
platforms are attached by bolting and/or welding, which 
might necessitate an increased material thickness in the jacket 
wall and hence increased costs. Another disadvantage is that 
this method of attaching platforms and ladders inside the 
tower, is not flexible in the sense that a possible adjustment or 
repositioning in the future will be very difficult. Such a rigid 
mounting may also affect the tower with unfavourable loads. 
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0007 EP 1933029 discloses a method for mounting plat 
forms and ladders inside a tower for a wind turbine. This 
method involves the use of beams, which are secured to the 
upper as well as the lower flange of each tower section. To the 
beams are, in its turn, mounted Support structures such as 
platforms and ladders. The beams are attached to the upper 
flange in a rigid way by means of bolting or welding. The 
attachment to the lower flange, however, allows displacement 
of the beam in the longitudinal direction in relation to the 
flange, whereas the beam is fixed held in a direction perpen 
dicular to its longitudinal direction in order to allow displace 
ment of the beams, due to e.g. Varying temperatures and 
deflection of the tower due to wind load, but ensure stability 
in the horizontal direction. The use of beams extending 
between the upper and lower flange of each tower section, is 
however a rather expensive solution for mounting equipment 
inside a tower and it is not as flexible as is desirable since the 
equipment are attached to the beams by means of e.g. bolting 
or welding, and as soon as any of the equipment are to be 
adjusted or repositioned, it is necessary to drill new holes in 
the beams or to make a new welding, which is time-consum 
ing and elaborating. 
0008. It is also known in the art to attach an upperplatform 
by means of rods from the upper flange of a tower section, 
Such that the platform is suspended from the upper flange. A 
ladder is thereafter suspended from the platform and is stabi 
lized by means of wires or the like, which are attached to the 
inside of the jacket wall by means of magnets. Such a solution 
has the advantage that it does not weaken the jacket wall. 
However, the possible alternatives for arranging equipment 
inside the tower section is very limited. Especially when it is 
desirable to arrange several platforms inside the same tower 
section. 

SUMMARY 

0009. In view of the above, an objective of the invention is 
to provide a tower for a wind turbine, in which platforms and 
other equipment may be arranged inside the tower in a cost 
effective and highly flexible way without weakening the 
tower structure. At least this objective is achieved by a tower 
according to claim 1. 
0010. The invention also relates to a method for arranging 
platforms inside a tower of a wind turbine and a wind turbine 
comprising Such a tower, having essentially the same objec 
tive as above. This objective is achieved by a method accord 
ing to claim 10 and a wind turbine according to claim 12. 
0011. Accordingly, the basis of the invention is the insight 
that the above objective may be achieved by arranging, inside 
the tower, tensile load carrying members, which each is in an 
upper end attached to an upper flange of a tower section and 
in a lower end is attached to a lower flange of the tower 
section. At least one platform is attached, by any Suitable 
means, to the tensile load carrying members and positioned at 
a desirable level inside the tower. The number of tensile load 
carrying members has to be at least three in order to balance 
the platform. However, a considerable larger number of ten 
sile load carrying members could be conceivable. Such as e.g. 
between four and twenty. 
0012. Within this overall idea, the invention may be varied 
in many different ways. For example, the tensile load carrying 
members can be designed in many different ways and be 
made of different materials. Accordingly, the tensile load 
carrying members can beformed as metal wires or chains, i.e. 
highly flexible members. It would also be possible to use 
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ropes of different materials, preferably synthetic materials, 
Such as carbon fiber, in order to prevent organic decomposi 
tion which is a risk when using organic materials. It is also 
possible to use ropes or wires being composed of a mixture of 
metallic and synthetic materials. However, it is within the 
Scope of the invention to use also metallic rods, which are not 
highly flexible as wires, chains and ropes but which are 
adapted Solely to carry tensile loads but not compressive 
loads to any appreciable extent. One advantage with using 
flexible tensile load carrying members, is that they can be 
handled easily, e.g. when introducing the members through 
narrow passages. Such as the door opening at the bottom of the 
tower of a wind turbine. By using members adapted solely for 
carrying tensile loads, it is possible to use members having a 
considerably Smaller cross sectional area than using a mem 
ber adapted also for carrying compressive loads. This will 
have to result that the material content of the support structure 
will be smaller, the costs lower and the space requirements 
will be smaller. 
0013 The connection means for connecting equipment to 
the tensile load carrying members can be formed in many 
different ways. When using wires, ropes and rods, the con 
nection means are preferably formed as clamp connections 
which locks by means of friction, whereas when using chains 
it is possible to use a connection means which engages in one 
or more chain links. 

0014. The arrangement of the tensile load carrying mem 
bers can be designed in many different ways. Generally, it is 
preferred that the tensile load carrying members are attached 
by means of bolts or the like through holes in the upper as well 
as the lower flange of the tower section. It is also preferred that 
each tensile load carrying member is tensioned by a Suitable 
prestressing force between the upper and lower flanges. In 
this way the platforms and other equipment Suspended in the 
tensile load carrying members will achieve Some stabilization 
also in the horizontal direction. However, as in the hereinafter 
described and illustrated embodiment, it is preferred that an 
appropriate number of buffers or the like, are arranged around 
the periphery of each platform and which absorbs impacts, 
between the platform and the inside of the jacket wall of the 
tower, due to lateral movements of the platform. The buffers 
should not permanently bear against the jacket wall since the 
platform should be able to move slightly up and down inside 
the tower due to varying temperatures and loads. 
00.15 Moreover, when arranging two or more platforms 
within the same tower section, the load from the platforms can 
be distributed in different ways to the tensile load carrying 
members. For example, all of the tensile load carrying mem 
bers may collectively carry all the platforms. However, it is 
also possible that different tensile load carrying members 
carries different platforms, e.g. an upper platform is carried 
by three or more tensile load carrying members, a lower 
platform is carried by different three or more tensile load 
carrying members, an additional lower platform is carried by 
additional three or more tensile load carrying members, and 
SO. O. 

0016. When arranging ladders inside the tower, it is pre 
ferred that these are suspended from the platforms. However, 
it would be conceivable to suspend also the ladders in the 
tensile load carrying members, directly in the flanges, or as a 
combination of all three of these connection modes. As in a 
hereinafter described and illustrated embodiment, the ladders 
can be stabilized in the horizontal direction by transversal 
tensile load carrying members, which are horizontally or 
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diagonally extended between two of the tensile load carrying 
members extending vertically between the upper and lower 
flanges. 
0017 Although the invention hereinafter is described and 
illustrated in relation to a land-based wind turbine being 
assembled of two truncated conical tower sections, it is to be 
understood that the invention also is applicable to other types 
of wind turbines, such as off-shore wind turbines, having 
cylindrical tower sections and comprising an arbitrary num 
ber of tower sections, such as also only one tower section. The 
invention also offers good opportunities to attach also other 
types of equipment to the tensile load carrying members, such 
as lights and electrical cables. 
0018. Other objectives, features and advantages of the 
present invention will appear from the following detailed 
disclosure, from the attached claims as well as from the 
drawings. 
0019 Generally, all terms used in the claims are to be 
interpreted according to their ordinary meaning in the tech 
nical field, unless explicitly defined otherwise herein. All 
references to 'a?an/the element, device, component, means, 
step, etc. are to be interpreted openly as referring to at least 
one instance of said element, device, component, means, step, 
etc., unless explicitly stated otherwise. The steps of any 
method disclosed herein do not have to be performed in the 
exact order disclosed, unless explicitly stated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The above, as well as additional objects, features 
and advantages of the present invention, will be better under 
stood through the following illustrative and non-limiting 
detailed description of preferred embodiments of the present 
invention, with reference to the appended drawings, where 
the same reference numerals will be used for similar ele 
ments, wherein: 
0021 FIG. 1 diagrammatically illustrates an exemplary 
wind turbine; 
0022 FIG. 2 diagrammatically illustrates a longitudinal 
section through a tower section; and 
0023 FIG. 3 diagrammatically illustrates a longitudinal 
section according to FIG. 2 having a different arrangement of 
the platforms as well as a ladder. 

DETAILED DESCRIPTION 

0024. Reference is first made to FIG. 1 of the drawings, in 
which is illustrated an example of a wind turbine, which 
comprises a tower 1, a nacelle 2 on top of the tower and rotor 
blades 3. In this embodiment the tower is assembled of two 
separate tower sections, more precisely a lower tower section 
4 and an upper tower section 5, which are interconnected end 
to end by means of a bolt connection. Moreover, the tower 
sections have a truncated conical shape, wherein the lower 
tower section being slightly more conical than the upper 
tower section. 
0025. Each tower section is tubular and has a circumfer 
ential jacket wall 6, as is seen in FIGS. 2 and 3, preferably 
made of steel. To allow access to the inside of the tower for 
maintenance and repairs of the tower as well as the nacelle 2. 
a door opening with a closable door 7 is arranged in a lower 
portion of the lower tower section 4. 
0026 Reference is then made to FIG. 2 for description of 
the interior of an example of a lower tower section 4 arranged 
according the invention. It is to be noted that the tower section 
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depicted in FIGS. 2 and 3 are cylindrical for the sake of 
simplicity and not truncated conical as in the embodiment of 
FIG. 1. However, the invention can just as well be applicable 
in a tower section having a truncated conical shape. 
0027. Both of the longitudinal sections according to FIGS. 
2 and 3, are of a lower tower section having the door 7 
positioned to the left in a lower portion. The area of the jacket 
wall 6 closest to the door has an increased wall thickness 8 in 
order to compensate for the weakening of the tower section 
caused by the door opening. In the upper as well as the lower 
end of the tower section, it is provided with an inward directed 
lower flange 9 and upper flange 10, respectively. The tower 
section is in its lower end connected to a foundation 11 by 
means of a bolt connection 12 through the lower flange 9. In 
the upper end it is connected to an upper tower section5, apart 
of which is illustrated in the drawings, by means of a bolt 
connection 18 through the upper flange 10 of the lower tower 
section 4 and a lower flange 13 of the upper tower section 5. 
0028. According to the invention, the tower section is pro 
vided with three or more tensile load carrying members 14, 
14", of which only two are illustrated in the drawings. More 
precisely, each tensile load carrying member is attached with 
one end in the upper flange 10 and the other end in the lower 
flange 9. The connection to the flanges can for example be 
achieved by means of an externally threaded shaft 15 in each 
end of the tensile load carrying member 14, 14", which are 
screwed into internally threaded holes in each flange. 
0029. In the illustrated embodiment in FIG. 2, three plat 
forms 16, 16', 16" are arranged inside the tower section, and 
each of them is suspended in each of the tensile load carrying 
members 14, 14'. In the embodiment disclosed, the connec 
tion between the platform and the tensile load carrying mem 
ber is effected such that the tensile load carrying member is 
passed through a hole in the platform and a locking member 
17 around the tensile load member 14, 14 locks the platform 
by means of frictional action in relation to the tensile load 
carrying members. The lowest platform 16 is positioned in 
level with the lower edge of the door 7 to ensure easy entering 
into the tower. An intermediary platform 16' is arranged just 
above the door for protecting personal coming in through the 
door from possible falling items from platforms above. An 
upper platform 16" is arranged a short distance below the 
junction between the lower and upper tower sections 4, 5, for 
allowing personal to stand on a comfortably distance from the 
junction and draw the bolt connection 18 when mounting the 
upper tower section 5 onto the lower tower section 4. 
0030. In the lower end of each tensile load carrying mem 
ber 14, 14", it is provided with a stretching screw 19, such that 
it can be prestressed between the upper and lower flanges 9, 
10. In this way the tensile load carrying members 14, 14" as 
well as the equipment Suspended from them, to Some extent 
will be stabilized in the horizontal direction. To further pre 
venthorizontal movements of the platforms 16, 16', 16", they 
are, at least in three separated positions distributed around the 
circumference of the platform, provided with buffer members 
20 in the area between the platform and the inner surface of 
the jacket wall 6. 
0031 Reference is thereafter made to FIG. 3, in which is 
illustrated, in a longitudinal section, a tower section 4 which 
is identical with the one illustrated in FIG. 2, except that in 
FIG. 3 there are provided only two platforms but 16, 16 
additionally also a ladder 21. The ladder is mounted to the 
upper as well as to the lower platform and can arbitrary be 
positioned adjacent the jacket wall 6 or in a more centrally 
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position in relation to the platform. Both of these positions 
requires that an opening (not shown) of sufficient size is made 
in the upper platform for allowing a person to pass there 
through. 
0032. In order to stabilize the ladder 21 in the horizontal 
direction, two additional transversal tensile load carrying 
members 22, 22 are extended diagonally between two of the 
Vertical tensile load carrying members 14, 14' and are 
attached to the ladder 21. It is to be understood that such 
transversal tensile load carrying members can be arranged in 
an arbitrary number and can have an arbitrary angle in rela 
tion to the vertical, accordingly even be strictly horizontal. 
0033. The invention has mainly been described above with 
reference to a few embodiments. However, as is readily 
appreciated by a person skilled in the art, other embodiments 
than the ones disclosed above are equally possible within the 
Scope of the invention, as defined by the appended patent 
claims. 

What is claimed is: 
1. A tower for a wind turbine, comprising one or more 

tubular tower sections, having a jacket wall and an inward 
directed flange in its lower and upper ends, and at least one 
platform arranged inside the tower, wherein the tower also 
comprises a Support structure including at least three elon 
gated tensile load carrying members, which each is attached 
in its upper end to the upper flange of the tower section and in 
its lower end to the lower flange of the tower section and 
which supports one or more platforms, wherein the one or 
more platforms are Suspended by the tensile load carrying 
members while at least one ladder is attached to the platforms 
and the at least one ladder is stabilized in the horizontal 
direction by transversal tensile load carrying members 
extending from the ladder to the tensile load carrying mem 
bers that are vertically arranged between the upper and lower 
flanges. 

2. A tower according to claim 1, wherein the tensile load 
carrying members are prestressed with a tensional force 
between the upper and lower flanges. 

3. A tower according to claim 1, wherein the tensile load 
carrying members are attached by means of bolt connections 
to the flanges. 

4. A tower according to claim 1, wherein the tensile load 
carrying members are flexible. 

5. A tower according to claim 1, wherein two or more 
platforms are arranged inside the tower section. 

6. A tower according to claim 5, wherein all the tensile load 
carrying members commonly support all the platforms in the 
tower section. 

7. A tower according to claim 5, wherein different tensile 
load carrying members Support different platforms. 

8. A tower according to claim 1, wherein the one or more 
platforms are attached to the tensile load carrying members 
by means of frictional connections. 

9. A tower according to claim 1, wherein buffers are 
arranged between the platform and the inner surface of the 
jacket wall. 

10. A method for arranging platforms and ladders inside a 
tower of a wind turbine, of the kind comprising one or more 
tubular tower sections having a jacket wall and an inward 
directed flange portion in its lower and upper ends for inter 
connecting the tower sections to each other and for mounting 
of a nacelle in an upper end of the tower, comprising the steps 
of: 
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attaching the upper ends of at least three tensile load car 
rying members to the upper flange of the tower section; 

attaching the lower ends of the at least three tensile load 
carrying members to the lower flange of the tower sec 
tion; 

Suspending at least one platform in the tensile load carrying 
members; 

stabilizing at least one ladder in the horizontal direction by 
means of transversal tensile load carrying members 
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extending from the ladder to the tensile load carrying 
members that are vertically arranged between the upper 
and lower flanges. 

11. A method according to claim 10, comprising the further 
step of: 

prestressing the tensile load carrying members with a ten 
sional force between the upper and lower flanges. 

12. A wind turbine comprising a tower according to claim 
1. 


