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(54) Title: WIND TURBINE COMPRISING A SEGMENTED TOWER AND FOUNDATION 

(54) Bezeichnung : WINDENERGIEANLAGE MIT TURM UND FUNDAMENT AUS MEHREREN SEGMENTEN 

(57) Abstract: Disclosed is a wind turbine comprising a foundation (500) and a 
102 tower (102) which is arranged on the foundation (500) and includes a plurality 

of tower segments (102a). The foundation (500) includes a tower base (200) that 
210 is cast at least in part into the foundation (500). The tower base (200) has at least 

222 300 two segments (260, 240, 230, 220), and a bottom tower segment (102a) of the 
tower is braced with the segments (260, 240, 230, 220) of the tower base (200) 

220 200 in particular by means of tightening rods (300).  

221 223 (57) Zusammenfassung: Es wird eine Windenergieanlage mit einem Fundament 
(500) und einem auf dem Fundament (500) platzierten Turm (102) mit einer 

290 Mehrzahl von Turmsegmenten (102a) vorgesehen. Das Fundament (500) weist 
emen Turmsockel (200) auf, welcher zumindest teilweise in dem Fundament 

240 (500) vergossen ist. Der Turmsockel (200) weist mindestens zwei Segmente 
230 (260, 240, 230, 220) auf und ein unteres Turmsegment (102a) des Turms ist 

zusammen mit den Segmenten (260, 240, 230, 220) des Turmsockels (200) 

500 insbesondere fiber Spannstangen (300) verspannt.  
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Wind turbine comprising a segmented tower and foundation 

The present invention relates to a wind turbine and a wind turbine tower.  

The tower of a wind turbine is typically placed on a foundation.  

In the priority-establishing German patent application, a search made by the German 

Patent and Trademark Office identified the following documents: EP 2 518 240 Al; 

5 DE 10 2008 010 660 B3; DE 102 26 996 Al; JP 2010-236224 A; DE 603 17 372 T2; 

DE 20 2011 001 695 Ul; US 2010/0024311 Al; DE 10 2011 085 947 Al and 

DE 102 30 273 B3.  

An object of the present invention is to provide a wind turbine and a tower of a wind 

turbine which have an improved connection between the tower and the foundation.  

10 This object is achieved by a wind turbine according to Claim 1, and by a tower according 

to Claim 7.  

A wind turbine with a foundation and a tower, with multiple tower segments, placed on the 

foundation is thus provided. The foundation has a tower base which is at least partially 

cast in the foundation. The tower base has at least two segments and a lower tower 

15 segment of the tower is tensioned together with the segments of the tower base via 

tensioning elements.  

According to an aspect of the present invention, an upper segment of the tower base has 

a conical segment having multiple through bores, through holes or sheaths for receiving 

tensioning rods. The through bores, through holes or sheaths extend parallel to the 

20 longitudinal direction of the tower base.



-2

According to a further aspect of the present invention, the external diameter of the lower 

tower segment is smaller than the external diameter of the lower end of the tower base.  

According to an aspect of the present invention, the wind turbine has an anchor ring as 

part of the tower base, which is embedded in the concrete of the foundation as part of the 

5 tower base. First ends of the tensioning rods are tensioned on the anchor ring. Second 

ends of the tensioning rods are tensioned in a flange at the upper end of the tower base 

or on the lower end of the lower tower segment.  

According to a further aspect of the present invention, a fireproof seal is provided in the 

region of the tower base or in one of the lower tower segments.  

10 Other embodiments of the invention are the subject of the subclaims.  

Advantages and exemplary embodiments of the invention are explained in detail below 

with reference to the drawings, in which: 

Figure 1 shows a schematic view of a wind turbine according to the invention.  

Figure 2 shows a schematic view in section of a transition between a foundation 

15 and a tower of a wind turbine according to a first exemplary embodi

ment.  

Figure 3 shows a further view in section of a transition between a foundation and 

a tower of a wind turbine according to the first exemplary embodiment, 

and 

20 Figure 4 shows a further schematic view in section of a transition between a 

foundation and a tower of a wind turbine according to the first exempla

ry embodiment.  

Figure 1 shows a wind turbine 100 with a tower 102 and a nacelle 104. A rotor 106 with 

three rotor blades 108 and a spinner 110 is arranged on the nacelle 104. In operation, the 

25 rotor 106 is set in rotational motion by the wind and consequently drives a generator in the 

nacelle 104. The pitch angle of the rotor blades 108 can be changed by pitch motors on 

the rotor blade roots of the respective rotor blades 108. The tower 102 can consist of 

multiple superposed tower segments 102a, for example in the form of precast concrete
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parts, and be placed on a foundation 500. The segments are tensioned by means of 

tensioning means (for example, tensioning cables, tensioning strands).  

Figure 2 shows a schematic view in section of a transition between a foundation and a 

tower of a wind turbine according to a first exemplary embodiment. A tower base 200 is 

5 provided in a foundation 500 of the wind turbine 100. The tower base 200 has an anchor 

ring 280, a first foundation segment 260 with a lower flange ring 270, a second foundation 

segment 240, a third foundation segment 230, and a fourth segment 220. The fourth 

segment 220 has a conical external diameter, i.e. the external diameter of a first end 221 

of the segment 220 is greater than the external diameter of a second end 222. A flange 

10 ring 210 is provided at the second end 222 of the segment 220. A lower tower segment 

102a can be placed on this flange ring 210.  

The segments 220, 230, 240 and 260 can be produced as precast concrete segments.  

The segments can optionally have a multi-part design.  

Multiple tensioning rods 300 can optionally be provided between the ring 280 and the 

15 flange 210 so that tensioning between the lower ring 280 and the flange 210 on the 

segment 220 can be effected. In other words, the segments 260, 240, 230 and 220, and 

the lower tower segment 102a, are tensioned to one another via multiple tensioning rods 

300. Tensioning strands or tensioning cables can also optionally be used.  

A fireproof seal 250 can optionally be provided between the first and second segment 

20 260, 240. The fireproof seal 250 can be produced from concrete and can optionally have 

a multi-part design. The seal 250 can be fastened to one of the tower segments or one of 

the segments of the tower base. This can be effected by means of a retaining ring which 

is fastened to one of the segments. Alternatively or additionally, a projection can be 

provided on one of the segments of the tower of the tower base, which serves as a sup

25 porting or bearing surface for the seal 250. The projection can optionally extend around 

the entire circumference (or at least part of it) of the segment of the tower base or the 

tower segment.  

The seal 250 has a fireproof design, i.e. it can withstand temperatures of, for example, up 

to 8000C (or up to 1000 C) for longer than 10 minutes.
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A transformer or a power cabinet can be provided in the region which is closed or cov

ered by the seal 250. The power cabinet can hereby have multiple switch elements, for 

example for an inverter or for a converter.  

The seal 250 can optionally be fastened to one of the segments of the tower base or to 

5 one of the tower segments.  

The tensioning rods 300 can optionally be provided in the region of the second and third 

segment 240, 230 inside the segments, i.e. inside the foundation segments.  

The first segment 260 can optionally have multiple through bores or sheaths 261 in which 

the tensioning rods 300 extend.  

10 The segment 220 also has multiple sheaths or through holes 223. These sheaths or 

through holes 223 optionally extend parallel to a longitudinal axis of the first, second and 

third segments 260, 240, 230. The distance between the sheaths and the inside and 

outside of the segment 220 consequently changes along the longitudinal axis of the 

segment 220.  

15 Owing to the conical design of the segment 220, the external diameter of the lower end 

221 of the section 220 is greater than the external diameter of the upper end 222 to which 

the lower tower segments 102 are fastened. The bearing surface of the transition be

tween the tower and the foundation can thus be increased without there being any need 

for the bearing surface or the external diameter of the lower tower segment 102 to be 

20 changed.  

Figure 3 shows a further view in section of a transition between a foundation and a tower 

of a wind turbine according to the first exemplary embodiment. The metal or concrete ring 

280, the metal or concrete ring 270 and the first foundation segment 260 are shown in 

Figure 3. The two rings 280, 270 have multiple openings or through bores 271, 281 which 

25 serve to receive the multiple tensioning rods 300. Multiple bolts 310 can be tensioned 

beneath the ring 280.  

Multiple through holes, through bores or sheaths 261 for receiving the tensioning rods 

300 are provided in the first segment 260. At the lower end 260a, the first segment 260 

can have multiple conical bores 262 or a conical circumferential groove adjoining the
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through bores or through holes 261. The conical bores 262 are provided so as to make it 

easier to thread tensioning rods 300.  

Figure 4 shows a further schematic view in section of a transition between a foundation 

and a tower of the wind turbine according to the first exemplary embodiment. The seg

5 ment 220, the flange 210 and the lower tower segment 102 are shown in Figure 4. The 

flange 210 can, for example, be welded to the lower tower segment 108. Multiple through 

holes or through bores or sheaths 223 are provided in the segment 220. These through 

holes or sheaths 223 serve to receive the tensioning rods 300. The flange 210 can, in the 

region of the through holes 223, have multiple conical bores 211 at its upper end. The 

10 conical bores 211 serve to receive at least partially the tensioning bolts 320.  

A pin ring, for example in the form of a concrete ring 270 can be embedded in the con

crete of the foundation. The ring can also be made from steel. The first concrete segment 

260 of the base 200 can be placed on the ring 270. A fireproof seal 250 can be provided 

on the first concrete segment 260. Multiple through holes, through which tensioning rods 

15 300 can be pushed, can be provided in the first concrete segment 260 in the longitudinal 

direction. The number can be reduced by using tensioning rods instead of tensioning 

strands. A levelling ring can optionally be provided. A second segment 240 made of 

concrete or steel can be provided above the first concrete segment 260. This second 

segment 240 can optionally also have through bores in the longitudinal direction for 

20 receiving the tensioning rods. Alternatively, tensioning rods can also extend inside the 

second segment 240. A third segment 230, which can be made from steel or concrete, 

can be placed on the second segment 240. This third segment 230 can also have, in the 

longitudinal direction, through holes or bores 231 for receiving the tensioning rods 300. A 

conical segment 220 made of concrete can be provided on this third segment 230. The 

25 external diameter of the first lower end 221 is hereby greater than the external diameter 

of the second upper end 222. The internal diameter of the first end 221 is greater than the 

internal diameter of the second end 222. A steel ring or flange 210 can be placed on the 

second end 222 of the concrete segment 220. The concrete segment 220 has multiple 

through holes 223 in the longitudinal direction of the segment 220. Owing to the conical 

30 design of the concrete segment 220, the distance between the through holes 223 for 

receiving the tensioning rods at the first end towards the outside is greater than at the 

second end. This is provided in such a way to enable straight tensioning rods 300 to be 

used.
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The tensioning rods 300 can also be designed as tensioning bars 300. Gaskets 290 can 

optionally be provided between the respective segments 260, 240, 220.  

According to the invention, tensioning rods or tensioning bars 300 are used in order to 

tension together the ready-made concrete segments of the tower, the steel segments and 

5 the foundation or the segments of the base 200. According to the invention, multiple 

tensioning rods or tensioning bars 300 are provided. A bottom concrete segment 260 can 

optionally be connected via a concrete ring 280 which is embedded in the concrete of the 

foundation. The respective segments 260, 240, 220 can each have at their first ends 

(lower end) conical holes which make it easier to thread the foundation cage or the seg

10 ments of the base over the tensioning rods.  

The solution according to the invention makes it possible to dispense with a large number 

of steel flange connections. Moreover, rapid mounting and the use of more cost-effective 

concrete segments can be effected. The amount of material used can be reduced de

pending on the loading. Manufacturing tolerances can be compensated by means of the 

15 concrete ring 270 and/or the gaskets 290.  

According to a further exemplary embodiment of the invention, the conical segment 220 

can be designed in such a way that the distance between the through holes and the 

external diameter is constant. In this case, the tensioning bars must have a conical ar

rangement or design.  

20 By virtue of the design according to the invention of the transition between the foundation 

and the tower, and the use of the tensioning bars or tensioning rods, it is possible to 

dispense with an anchoring basement. Moreover, the diameter of the flanges in the 

transition region between the foundation and the tower can be increased.  

The present invention relates to a connection of a steel tubular section to concrete parts 

25 and a concrete foundation. It should be noted that the forces are hereby directed from the 

tower into the foundation.  

According to the invention, a hybrid solution for the connection of the steel tubular section 

to concrete parts and the concrete foundation can be provided. By virtue of the design of 

the conical concrete segment 220, the diameter of the segments 240 and 260 and of the 

30 steel or concrete rings 270, 280 can be selected to be greater than the diameter of the 

lower tower segment 102.
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According to the invention, the segments 230, 240 and 260 can be made from a concrete with a lower 

concrete quality since the surface area is greater owing to the larger diameter. The concrete ring can 

be placed on the foundation in the dry state. The steel flange 210 can, for example, be designed as an 

L-shaped flange and can have a circumferential conical groove 211. From this conical groove 211, the 

bores extend in the flange 210 through which the tensioning rods 300 need to be pushed. In order to 

protect further the tensioning bars in the through holes in the segments 260, 240, 230, 220, the through 

holes can be packed with grease.  

According to the invention, the segments 220, 230, 240, 260 each have multiple sheaths 223, 231, 241, 

261 for receiving tensioning rods 300. The lower ends of the tensioning rods are fastened to the ring 

280. The upper ends of the tensioning rods are tensioned to the flange 210 by means of corresponding 

bolted connections.  

According to the invention, a tower base can be provided with an embedded anchor region. It is thus 

possible to avoid the need for a foundation basement. According to one aspect of the present invention, 

a tower base consisting of multiple segments 260, 240, 230, 220 can be provided and mounted, for 

example, as part of the foundation before a lower tower segment is placed on it. Some of the segments 

of the tower base can hereby already be cast in concrete before the first tower segment is put in place.  

The top segment 220 of the tower base 200? has in particular a conical design.  

According to the invention, a lower tower segment 102 can be tensioned, via an L-shaped flange 210, 

to the tower base 200 consisting of the segments.  

Tensioning strands or tensioning cables can optionally be used instead of the rods.  

Throughout this specification and the claims which follow, unless the context requires otherwise, the 

word "comprise", and variations such as "comprises" and "comprising", will be understood to imply the 

inclusion of a stated integer or step or group of integers or steps but not the exclusion of any other 

integer or step or group of integers or steps.  

The reference to any prior art in this specification is not, and should not be taken as, an 

acknowledgement or any form of suggestion that the prior art forms part of the common general 

knowledge in Australia.
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Claims 

1. Wind turbine with 

a foundation and a tower, with multiple tower segments, placed on the 

foundation, wherein the foundation has a tower base which extends longitudinally 

and which is at least partially cast in the foundation, 

wherein the tower base consists of at least two precast concrete segments 

and in that a lower tower segment is tensioned together with the at least two 

precast concrete segments of the tower base via tensioning rods, tensioning 

strands or tensioning cables, wherein the tensioning rods, tensioning cables or 

tensioning strands are continuous tensioning rods, tensioning strands, or tension

ing cables, 

wherein the at least two precast concrete segments each comprise a plural

ity of sheaths or through holes which receive the tensioning rods, tensioning 

cables or tensioning strands, and 

wherein 

an upper segment of the tower base represents a conical segment having 

the plurality of through holes or sheaths which receive the tensioning rods, ten

sioning sheaths or tensioning cables, and tensions together the upper tower base 

segment and a flange of the lower tower segment, 

wherein the plurality of through holes or sheaths extend parallel to a longi

tudinal direction of the tower base.  

2. Wind turbine according to Claim 1, wherein 

the external diameter of the lower tower segment is smaller than the exter

nal diameter of the lower end of the tower base.  

3. Wind turbine according to Claim 1 or 2, which moreover has 

an anchor ring which is embedded in the concrete of the foundation as part 

of the tower base and tensions first ends of the tensioning rods, tensioning 

strands or tensioning cables, 

wherein second ends of the tensioning rods, tensioning strands or tension

ing cables are tensioned to a flange at the upper end of the tower base or to the 

lower end of the lower tower segment.
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4. Wind turbine according to any one of Claims 1 to 3, which moreover has 

a fireproof seal which is fastened to one of the segments of the tower base 

or to one of the tower segments.  

5. Wind turbine according to any one of Claims 1 to 3 which moreover has 

a fireproof seal which bears against a projection on one of the segments of 

the tower base or against a projection of the tower segment.
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