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(57) Abrege(suite)/Abstract(continued):
segments (12, 14, 16) I1s a pipe section, which has at least two mutually facing abutment surfaces (18) that are joined to one

another, at least In parts. A support structure (10) Is provided that is producible In less time and Is more cost-effective because the
Jjoin between the abutment surfaces (13) involves at least one welded join (20), the thickness of the welding join (20) being less
than the wall thickness of the pipe section (12, 14, 16), and/or the join between the abutment surfaces (18) involves at least one

retaining clip (24).
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ABSTRACT

The invention relates to a support structure, in particular for a wind turbine, having at least two
segments (12, 14, 16), which are joined to one another such that their longitudinal axes (L)
extend substantially collinearly to one another. At least one of the segments (12, 14, 16) 1s a pipe
section, which has at least two mutually facing abutment surfaces (18) that are joined to one
another, at least 1n parts. A support structure (10) is provided that 1s producible in less time and is
" more cost-effective because the join between the abutment surfaces (18) involves at least one
welded join (20), the thickness of the welding join (20) being less than the wall thickness of the
pipe section (12, 14, 16), and/or the join between the abutment surfaces (18) involves at least one

retaining clip (24).
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Support structure for a wind turbine

The 1nvention relates to a support structure, 1in particular
for a wind turbine, comprising at least two segments which
are connected to one another 1in such a manner that the

P

longitudinal axes thereof run substantially collinearly to

p—

one another, wherein at least one o0f the segments 1s a pipe

section which has at least two mutually facing joilning

surfaces which are connected to one another at least 1n

sections.

It 1s known from the prior art to use support structures or

*

substructures of the type mentioned at the beglinning for

example as foundatlion piles, transition sections or as an

pr—

element of the tower of a wind turbine, 1n particular for

-y

offshore use. The support structures or substructures serve

firstly to ensure reliable anchoring of the wind turbine in

the ground (seafloor) and secondly to support the nacelle

and the rotor.

The previously known support structures are assembled from

what are referred to as pipe sections. Each pipe section 1is

produced 1n turn from one or more metal sheets which are

bent 1n accordance with the shape of the segment to be
produced such that metal sheet edges or 7Jjolning surfaces
lying opposite one another 1n the bent state can be welded

to one another.

The weldling of the opposite metal sheet edges customarily

takes place by means of a longitudinal weld seam which can

be formed, for example, as a groove weld on both sides in

p—

accordance with EN ISO 2553, table 2, by means of submerged

arc welding. The opposite metal sheet edges are, for

example, sharpened 1n the process 1n order, in the
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subsequent welding process, to reallze a through-welded

groove weld on both sides, and therefore connection of the

opposite metal sheet edges takes place over the entire wall

thickness of the pipe section. Both the preparation of the

opposite metal sheet edges and the production of a through-
welded groove weld on both sides are time- and cost-

intensive.

The support structure 1s subsequently assembled from a

multiplicity of correspondingly formed pipe sections by pilpe
sections bordering on one another being connected on the end

b
as.

sides by means of a respective circular weld seam, 1n

particular a through-welded double V-groove weld, such that

the respective longitudinal axes of the pipe sections run

collinearly with respect to one another.

Consequently, 1n order to produce a corresponding support

-

structure, a multiplicity of weld seams having a large

overall length are required, as a result of which the
production of the support structure turns out to be
complicated and cost-intensive. For example, for the

production and connection of two segments which each have a

height of three meters and a diameter of seven meters, weld

seams having an overall length of approx. 28 m are

necessary, namely 2x3 m longitudinal weld  seams for

connecting the opposite side edges or material edges of the

individual pipe sections and an approx. 22 m circular weld

P

seam for the end-side connection of the two segments.

F

The present 1nvention 1s based on the object of providing a

support structure which can be produced in a shortened time

and which 1s consequently more cost-effective.
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The object on which the present 1nvention 1s based 1is

achieved by a support structure with the features of the
independent claim. Advantageous embodiments are described 1in

the dependent claims.

The object on which the present 1nvention 1s based 1s

achieved by a support structure, 1n particular for a wind
turbine, comprising at least two segments which are

connected to one another 1n such a manner that the

longitudinal axes thereof run substantially collinearly to

one another, wherein at least one of the segments 1s a pipe

section which has at least two mutually facing Jjoilning

surfaces which are connected to one another at least 1n

sections. According to a first aspect, the connection of the

Jolnling surfaces has at least one welded joint, wherein the

thickness of the welded Jjoint 1s smaller at least 1n

sections than the wall thickness of the pipe section.

Alternatively or additionally to the first aspect, the

p—

connection of the Jjoining surfaces according to a second

aspect has at least one holding clamp.

Both segments can be designed as a plpe section. The support

element can be assembled from a multiplicity of segments.

g

The connection of the joinling surfaces serves to keep the

pipe section 1n shape before and/or after the end-side

connection to the segment. The connection here can be such

that 1t can be configured to be removable or releasable

temporarily and therefore 1in particular after an end-side

connecting of pipe section and segment.

F

The provision of a welded joint, 1n particular a weld seam,

the thickness of which 1s smaller at least 1in sections than

gt

the wall thickness of the pipe section, affords the
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advantage that, 1n comparison to solutions which require

through-welding over the full wall thickness, the process

time and the admission of heat 1nto the component can be

reduced. It has surprisingly been shown that even connecting

the Jjoining surfaces 1in partial regions 1s sufficient 1in
order to reliably keep the pipe section 1in shape during the

production process.

=y

The thickness of the welded joint, i1n particular of a weld

seam, here 1s the extent of the welded joint along the wall

thickness of the pipe section. In other words, both the wall

thickness of the pipe section and the thickness of the
welded 7Jjoint are measured 1n a section transversely with

respect to the longitudinal axis, 1n particular orthogonally

to an inner and/or outer casing surface of the pipe section.

The wall thickness of the pilipe section corresponds to the

thickness of the unrolled metal sheet from which the pipe

section has been produced by deformation.

The welded joilnt can consequently be a tack weld which

constitutes a means of pre-fixing the pipe section for

subsequent handling and connecting operations. After the

plpe section has been connected on the end side to a further
segment, the tack weld can be removed or can remain on the

component.

The welded jolnt can extend over a partial length, two or

more length portions or the entire length of the pipe

section. The length of the pilpe section 1s measured here

parallel to the longitudinal axis. In particular, a

plurality of separate spot welds or one or more longitudinal

P

weld seams can be provided 1n the region of a partial

length, a length portion or along the entire length of the

pipe section.
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The thickness dl of the welded 7Jjoint, as measured 1n a

section transversely with respect to the longitudinal axis,

P F

for example of the welding bead of a weld seam, can be less

than or equal to 1/2, preferably less than or equal to 1/10,

furthermore preferably less than or equal to 1/20 of the

prre

wall thickness d2 of the pipe section, and can accordingly

satisfy one of the specifications dl £ 0.5*d2, preferably

dl £ 0.1*d2, furthermore preferably dl = 0.05*d2. The wall

thickness of the pipe section can thus Dbe, for example,

100 mm, while the thickness of the welded joint, for example

= -y

of the welding bead of a weld seam, 1s merely S5 mm or less.

The thickness dl here can Dbpbe, for example, the weld

thickness s in accordance with EN ISO 2553, table 5.

Alternatively oY additionally, the Jolning surfaces

according to a second aspect of the 1invention can be

connected to one another wvia at 1least one holding clamp.

This can be an 1ntermediate section which can be fastened 1in
an integrally bonded or releasable manner 1n the region of

the Jjoining surfaces 1in order to connect the Jjoilnling

surfaces to one another. The holding clamp serves to hold

the pipe section for handling and connecting operations and

optionally to hold same 1in the desired shape in the finished

and assembled state. After the pipe section has been

connected on the end side to a further segment, the holding

clamp can be removed or can remaln on the component.

The holding clamp affords the advantage that a continuous
longitudinal weld seam can be dispensed with 1in the region

of the Jjoining surfaces and nevertheless the dimensional

stability of the pipe section 1s ensured. The mutually

facing 7Jjoining surfaces can thus have, for example, a

—

distance of one meter from one another, wherein said
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F

distance 1s spanned with the aid of the holding clamp 1in

order to produce a connection between the jolning surfaces.

It goes without saying that two or more holding clamps can

be provided between the joinling surfaces.

P
p—

The holding clamp can be fastened 1n the region of a

respective Jjolning surface by a welded Jolnt, a screw
connection, a bolt connection, a rivet connection or a

magnetic connection. The welded joint here can be formed,

for example, 1n the manner described above such that no

through-welding takes place, but rather the welding merely

P
—

makes up a partial region of the thickness and/or length of

the mutually facing component sections to be connected.

According to a development of the invention, the holding

clamp can be enclosed on two sides by the joining surfaces,

and/or can end flush with the outer and/or 1inner casing

P

surface of the pipe section. The holding clamp can thereby

be 1ncorporated into the wall geometry of the pipe section

P

without increasing the external dimensions of the component

or the required construction space of the pipe section 1in

the ready assembled state.

In order to 1introduce as few tensile stresses as possible
into weld seams which are adjoining or are provided
adjacently, the holding clamp can have at least one concave
rounded portion, whereln the rounded ©portion can 1n

particular merge substantially smoothly 1into the joining

surfaces. The rounded portion can be used as a duct for

cables, 1lilnes, pipes or other holding and/or connection

elements and can therefore serve as a passage opening from

the surroundings to the interior of the pipe section, and

vice versa.
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Alternatively or additionally, the holding clamp can have a
substantially biconcave shape. Such a biconcave shape 1s

distinguished 1n particular by two rounded portions which

face away from each other and can preferably each merge

substantially smoothly into the opposite 7joining surfaces.

In this manner, a holding clamp, which 1s 1n each case

P

arranged at a distance from the two end sides of a pipe

section, can reduce the transmission of tensile stresses

into adjoilning or adjacent weld seams on two sides. A

biconcave holding clamp can therefore serve 1n particular

for crack prevention or crack limiting Dbetween two

F

adjacently arranged weld seams. A widening crack of a weld

seam can therefore be 1nterrupted or brought to a standstill

F

in the region of the holding clamp without crack propagation

into adjolining weld seams taking place beyond the holding

clamp.

According to an advantageous refinement of the support
structure, a recess, 1n particular a rounded portion, 1s
provided 1n at least one transition region between at 1least

p—

one of the jolning surfaces and an end surface of the pipe

gt

section. The recess can be shaped 1n the manner of a section

J—
g

of a circle or ellipse. By means of the recess, a

longitudinal weld seam which 1s optionally provided 1in the

region of the joining surfaces can be relieved of load since

the recess forms a distance between the longitudinal weld
seam and an end-side circular weld seam, and therefore the

longitudinal seam and the c¢ircular weld seam do not merge

directly 1nto each other. In addition, the weld seams can be

subjected on the end side in the region of the recess along

their thickness extent to mechanical remachining, 1in

P

particular by means of cold deformation or hot deformation,

1n particular forging.
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According to a development, at 1least two, 1n particular
four, recesses can be provided 1n the support structure,

wherein the recesses are 1in particular assigned to an end

surface lying opposite each other. Accordingly, for example,

a plpe section can have two recesses which are arranged

lying opposite each other 1n palrs and are assigned to an

grie—

end surface of said pilipe section. The two recesses can be

shaped 1in each case 1n a longitudinal section in the manner

of a guarter circle, wherein the recesses which are arranged

p——

lying opposite each other can complement each other 1n

particular to form a semiclrcle. In the same manner, the
recesses arranged lying opposite each other can form half of

an ellipse 1n longitudinal section. Uniform 1loading and

P
e
R—

—

strain relief of a welded 7Jjoint provided in the region o:

the joining surfaces can thereby be achieved.

Alternatively or additionally, at least two, 1n particular

four, recesses can be provided in the support structure,

whereln the recesses are assigned 1n particular to opposite

end surfaces facing away from one another. Recesses can thus

be provided 1n each case on the two end surfaces of a pipe

section 1n order to relieve an optionally provided

ﬁ

longitudinal seam of load.

According to a further refinement of the support structure,

at least one recess 1s spanned at 1least 1n sections, 1n

particular completely, by an end surface of an adjacent

segment. The recess 1s therefore bounded 1n the axial

direction by the end side of the adjacent segment. No radial

welding of the pipe section to the adjacent segment

preferably takes place 1n the region of the recess, and

therefore a circular weld seam 1s 1nterrupted at this point.

The circumferential weld seam length can therefore be

reduced with the aid of the recess.
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In addition to relieving adjacent or adjoining weld seams of

ﬁ

locad, a recess provided 1n the region of the pipe wall can

serve, for example, as a cable duct. In order to provide as
large a through opening as possible 1in a support structure,

at least one recess can merge at least 1n sections i1nto a

recess of an adjacent segment. The recess of the pipe
section and the recess of the adjacent segment, which can
likewlse be a pilpe section, can consequently be arranged 1in

such a manner that they merge 1nto each other i1n the axial

direction and complement each other, for example, to form a
through opening which 1S substantially circular or

elliptical in longiltudinal section.

In order to be able to save on as much weld seam length as

pre—

possible circumferentially 1n the region of the mutually

facing end surfaces of two segments, according to a further

alternatively or additionally proposed configuration at

g—

least two recesses of two adjacent segments are arranged

circumferentially at an angular offset with respect to one

another, 1n particular 1n such a manner that there 1s no

overlapping of the recesses 1n the axial direction, and the

g

recess of the one segment 1s bounded or spanned by the

assigned end side of the respective other segment.

The welded 3Joilnt may have Dbeen subjected to mechanical
remachining 1in order to 1ncrease 1ts strength. According to
an advantageous development, the welded joint has residual
compressive stresses 1n a thickness cross section, wherein

the residual compressive stresses have been produced in

particular by cold forming and/or forging. The introduction

of residual compressive stresses 1nto the weld seam reduces

1t

the susceptibility to crack formations 1n the event of

tensile 1loading. When a thickness cross section of the
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F

welded Jjoint, 1n particular of a weld seam, 1s discussed

here, a section transversely with respect to, 1n particular

orthogonally to, the 1longitudinal axis of the support

structure 1s therefore meant. The residual compressive

stresses 1n the region of the weld seam can be detectable in

a known manner and can be estimated, for example, by

determining the surface hardness of the seam.

Alternatively or additionally, the welded joint may have

—

been relieved of load by a hole being drilled therein. The

weld seam can thus comprise bores or cavities which are

arranged 1n a targeted manner 1n regions which are

fr—

susceptible to crack formations because of residual tensile

stresses. For example, the transition regions here between a

longitudinal seam and an adjolnling cilrcular seam can be

P

relieved of load by a core bore, wherein part of the

longitudinal seam, in particular the transition reglion

P

thereof to the basic material, 1is removed at least 1n

sections.

r—

According to a further refinement of the support structure,

a thickening of the pipe wall 1s provided in regions of the

pipe section that are assigned to the Jjoining surfaces. By

means of the thickening 1n the region of or adjoining the

jJjoining surfaces, the rigidity of the support structure as a

whole can be 1mproved. Furthermore, the tendency of the

structure to buckle or to shell bulging can be reduced.

In order to 1ncrease the stability and rigidity of the

support structure, stabilization elements can be provided

P
p—

within the segments, 1n particular for stiffening the

segments in the radial direction. The stabilization elements

can be designed, for example, as struts or webs which, at

thelir opposite ends, 1n each case 1lie against the 1nner
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casing surface of a segment and stiffen the respective

segment 1n the radial and axial direction. Within a segment,

pri—r.

a plurality of struts or stabilization elements, which have

p—
—

a radial offset relative to one another and are arranged 1n

an overlapping manner, for example 1n a star shape, can be
arranged 1n a cross-sectional way or distributed 1in the

axial direction.

According to a further refinement of the support structure,

the joining surfaces can have a distance from one another at

least 1n sections. The pipe section can therefore be formed

1n the manner of an open profile, such as a C profile or the

li1ke, wherein the mutually facing joining surfaces can have,

g

for example, a distance of 1 m or more from one another - in

particular with a diameter of the pipe section of 7 m and a

b,

length of 3 m.

Alternatively or additionally, the support structure can
comprise a plpe section, 1n which the joining surfaces 1lie

at least in sections, 1n particular substantially

completely, on one another. 1In other words, the Jjoining

surtaces can lie “in abutment” and can be directly adjacent

to one another. In this case, the joining surfaces can be
directly connected to one another in a simple manner with
one or more longitudinal weld seams, whereiln the
longitudinal weld seams can preferably have a smaller

F

thickness than the wall thickness of the pipe section in the

ﬁ

region of the Jolning surfaces. Mutually contacting Jjoining

surfaces furthermore afford the advantage that the circular

weld seam can be through-welded to an adjoining segment

P

without interruption. In particular in the case of submerged

arc welding, a continuous weld seam 1s advantageous since

the seam can be produced without setting down the welding

device.
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Alternatively or additionally, at least one metal sheet can
be arranged between the joining surfaces, wherein the metal
sheet 1n particular extends 1n a substantially projecting
manner into the pipe interior and/or has a substantially L-

shaped cross section. The metal sheet can 1n each case be

welded to the Jjoining surfaces, and therefore the 7Jjoining
surfaces are 1ndirectly connected to one another wvia the
metal sheet. For example, 1t 1s possible to provide
longitudinal weld seams which extend substantially parallel

to one another, enclose the metal sheet at least 1in sections

on two sides and each connect to one o0of the 7JjJoining

surfaces. The metal sheet can serve for holding and guiding

r—
—

cables, lines or pipes and/or for fastening components of

corrosion protection systems or malntenance devices.

P

According to an advantageous development of the support

structure, at 1least one corrosion protection device 1is

arranged between the joining surfaces. This can be an active

cathodic corrosion protection system (AKKS). In the case of

an open profile structure with jolning surfaces arranged at

a dilistance from one another, an (individual) COYrrosion

protection device arranged between the jolning surfaces may

already be sufficient 1n order to ensure corrosion

protection both for the 1nner and the outer casing surface

iy

of the pipe section. It 1s therefore not required to fit

separate sacrificial or 1impressed current anodes both for

the 1nner and for the outer region to a respective pilpe

section, and therefore the arrangement o©of one or more

sacrificial and/or impressed current anodes between the

p——
"

jolning surfaces 1is sufficient for the corrosion protection

—

of the 1nner and outer casing surface.
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It can be provided that an at least one edge rounding 1S

provided in at least one transition region between a joining

surface and an end surface o0f the pipe section, 1n

particular that the welded joilint partially or completely

fills a region, which 1s assigned to the edge rounding, of

the mutually facing joinling surfaces.

Alternatively or additionally, 1t can be provided that at
least one edge rounding 18 provided 1n at least one

transition region between a 7Jjolning surface and an 1nner

and/or outer casing surface of the pipe section, 1in

particular that the welded joint partially or completely

F
p—

fi1lls a region, which 1s assigned to the edge rounding, of

the mutually facing jolning surfaces.

By means of the edge rounding, the stress concentration 1n

F

the region of the welded 7Joint can be reduced and the

strength of the weld seam i1ncreased.

The edge rounding can be such that, as viewed 1n a cross

section or a longitudinal section, a smooth transition 1s

formed between a joining surface and an inner and/or outer

casing surface, or a smooth transition 1s formed between a

P

joining surface and an end surface of the pipe section.

N

“Smooth” here means that the transition 1s, for example,

t

designed 1n a tangentially constant or curvature-constant

marner.,

According to a further refinement, 1t can be provided that

.

the wall thickness of the plpe section 1s formed in a

tapered manner 1n a region adjacent to the joining surfaces,

in particular is formed in a tapered manner 1in a wedge shape

pr— r——

in the manner of a bevel. The tapering can be achieved, for

example, by a completely through-welded weld seam 1in the

P
p—

region of the joilining surfaces Dbeling retrospectively




10

15

20

235

30

WO 2017/167990 PCT/EP2017/057755

CA 03017564 2018-09-12

14

partially abraded, 1in particular by grinding, abrasive
blasting or the 1like. Alternatively or additionally, the

tapering may have already been 1ntroduced prior to the

welding 1n a region of the pipe section adjoining the

jJjolning surfaces, in particular by deformation and/or

mechanical machining.

The 1nvention will be described 1n more detail below with

gi—

reference to drawings 1llustrating a number of exemplary

embodiments. In the drawings, 1n each case schematically:

Fig. 1 shows a support structure according to the

invention in a perspective view from above;

Fig. 2 shows the support structure from fig. 1 1in a cross

section from above;

Fig. 3 shows a further support structure according to the

invention in a side view;

Fig. 4 shows a further support structure according to the

invention 1n a perspective view from above;

Fig. 5 shows a further support structure according to the

inventlion 1n a perspective view from above;

Fig. 6 shows a further support structure according to the

invention 1n a perspective view from above.

Figure 1 shows a support structure 10 according to the

P

invention which 1s assembled from a plurality of segments

12, 14, 16, wherein only three segments 12, 14, 16 are

1llustrated by way of example.
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The segments 12, 14, 16 are connected to one another on the
end sides 1n such a manner that the 1longitudinal axes

thereof run substantially collinearly with respect to one

another and therefore coincide along a common longitudinal

axls L. The end-side connection 1s realized by radial

welding of the segments, and therefore the segments are 1in
each case connected to one another wvia a circular weld seam

17. The radial weld seam 1/ can be through-welded on the end

F

sides over the full wall thickness of the segments 12, 14,

16.

The segments 12, 14, 16 are pipe sections and are each

produced from a deformed sheet metal blank. In the example

1llustrated here, the sheet metal thickness t of the

segments 12, 14, 16 1s 1n each case approx. 100 mm.

The segments 12, 14 have mutually facing joining surfaces 18

which are connected to one another via welded joints 20. The

connection or coupling of the Joining surfaces 18 of the

segment 12 takes place 1ndirectly wvia a metal sheet 272

arranged between the joining surfaces.

The metal sheet 22 1s connected on two sides to the joining

surfaces 18 1n each case via longitudinal weld seams 20. It
has a substantially L-shaped cross section and extends 1n a

projecting manner 1nto the pipe interior. According to

further embodiments of the support structure, in addition to
the metal sheet 22, a corrosion protection device (not

1llustrated) can alternatively or additionally be provided

between the joining surfaces 18.

The respective thickness a of the weld seams 20 is approx.

5 mm and 1s therefore smaller than the sheet metal thickness

P

t. The respective thickness a of the weld seams 20, the
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sheet metal thickness t of the segment 12 and the metal

sheet 22 are 1llustrated 1n figure 2 1n a cross section

along the plane 1II, wherein the plane II 1s oriented

orthogonally with respect to the longitudinal axis L.

As can be seen from figure 2, the weld seams 20 merely cover

—

part of the respectively assigned JjJoining surfaces 18 since

the thickness a of the weld seams 20 1s smaller than the

sheet metal thickness t of the pipe section 12. As already

indicated at the beginning, the 1llustration should merely

be understood schematically without the actual si1ze ratios

being reproduced true to scale.

In addition to two metal sheets 22, the connection of the

joining surfaces 18 of the segment 14 comprises a holding

clamp 24 which 1s arranged between the metal sheets 272

(fig. 1). The holding clamp 24 1s enclosed on two sides by

the joining surfaces 18 and ends flush with the 1nner casing

surface (not illustrated) and outer casing surface 26 of the

segment 14. The holding clamp 24 1s welded to the Jjoilning

surfaces 18 of the segment 14.

The holding clamp 24 has two concave rounded portions 28

which merge substantially smoothly into the joining surfaces

18, and therefore 1in particular a step or a shoulder is not

provided 1n the transition from a rounded portion 28 toward

the mutually facing joining surfaces 18. The holding clamp

24 has a substantially biconcave shape.

By means of the biconcave shape of the holding clamp 24,

P

adjoinlng or adjacent weld seams 20 are relieved of load,

and therefore 1n particular the <crack formation 1in the

—

region of the weld seams Z0 due to tensile stresses can be

counteracted. Furthermore, the holding clamp Z4 can serve as
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a crack limiter. Accordingly, when one of the weld seams 20

of the segment 14 fails, a crack does not continue over the

P

entire length of the segment 14, but rather 1s 1nterrupted

in the region of the holding clamp 24.

In the present case, the holding clamp 24 1s permanently
incorporated 1into the support structure 10. According to
alternative embodiments, a holding clamp can also be removed
after the segments 12, 14, 16 have been connected on the end

sides to one another. This creates a larger through opening

in order to fasten cables or other add-on parts or to guide
same through the pipe wall, or to reduce the welght or to

save costs by reusing the holding clamp.

In order to increase the strength of the weld seams 20, in
particular in relation to tensile loads, residual

compressive stresses have been 1ntroduced 1into the weld

seams 20 by cold deformation. Alternatively or additionally,

residual compressive stresses can also be 1ntroduced 1nto

the weld seams by forging.

The residual stresses can be 1ntroduced i1nto a weld seam 20

both on the 1longitudinal side and on the end side, as

Jr—

illustrated by way of example 1n figure 3 for two segments

13, 15. A radial weld seam 21 can be designed here to be

continuous or interrupted 1n the region of the Jjolning

surfaces. In the regions 30, the strength of the components

has been 1ncreased by cold forming. The arrows each indicate

e

the the direction of cold forming of the weld seams 20, 21

within the scope o©f the end-side remachining. It goes
without saying that the weld seams 20, 21 can also be
remachined over the entire weld seam length

circumferentially or on the longitudinal side by cold

forming and/or forging.
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Figure 4 shows a further refinement of a support structure

10 according to the invention, with a pipe section 32 and a

segment 34. The pipe section 32 has recesses 36, 38, whereiln

the recesses 38 are spanned by an end side 40 of the segment

34. The joining surfaces 18 of the pipe section 32 have a

distance from one another and can be connected to one

another, for example, as per the manner 1llustrated 1in

figure 1 and/or figure 2. For the 1illustration of the

P

recesses 36, 38, the i1llustration of the connection of the

joilning surfaces 18 has been omitted for the segment 32. In

particular, in alternative refinements of the invention, the
joining surfaces 18 can lie directly on one another and can
be welded to one another, for example according to fig. 3,
wherein optionally the remachlining shown 1in fig. 3 can take

place.

A plurality of pipe sections 42, 44, 46, 48 can be combined

to form a support structure 10 (fig. 5). Each of the pipe

—
-

sections 42, 44, 46, 48 can be configured i1n the region of

F

the joining surfaces 18 1n the manner of figures 1, 2, 3 or

4, wherein the arrangement of the recesses 36, 38 1s

I

11lustrated schematically in figure 5.

The recesses 36, 38 can Dbe completely spanned by the end

surface of an adjacent segment, and therefore, for example,

the recesses 38, which are assigned to the segment 44, of

the segment 42 are bounded on the end side, as viewed 1n the

)

axlal dilrection along the axis L, by the end surface 50 o:

the segment 44.

Alternatively, the recesses 36, 38 two segments 46, 48 can

be arranged without an angular offset with respect to one
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another and can merge 1nto one another. This can create an

enlarged through opening 1n the support structure 10.

Each of the segments 12, 13, 14, 15, 16, 32, 34, 42, 44, 4o,
5 48 can be combined with further segments 12, 13, 14, 15, 16,

32, 34, 42, 44, 46, 48 to form a support structure 10. In
the region of the joining surfaces 18, the segments 12, 13,

14, 15, 1o, 32, 34, 42, 44, 40, 48 can have one or more

corrosion protection devices (not 1llustrated), wherein 1in

10 particular one or more sacrificial and/or impressed current

anodes can be positioned between the joining surfaces 18. In
addition, 1n order to avoid buckling or shell bulging, the

segments 12, 13, 14, 15, 1o, 32, 34, 42, 44, 46, 48 can be

stiffened 1n the radial direction by stabilizing struts (not

P

15 1llustrated), or can have a thickening of the wall thickness

in the region of the jolning surfaces.

Figure 6 shows a further refinement of a support structure
10 according to the 1invention. An edge rounding 56 1is in

20 each case provilided 1n at least one transition region 52

between a joining surface 18 and an end surface 50 of a pipe

section 54. The variants A, B and C show three different

p—

configurations of a welded joint 58 provided in this region.

25 According to variant A, the welded joint 58 fills only part

1)

O

an 1ntermediate space 60 formed between the Jjoining

surfaces 18.

According to variant B, the welded joint 58 completely fills

q

30 the 1ntermediate space 60 formed between the Jjoining

surfaces 18.

According to wvariant C, the welded Jjoint 58 spans the

intermediate space 60, which 1s formed between Jjoining
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surfaces 18 that are spaced apart 1n said variant C, 1n the

region of the edge roundings 56.

The edge rounding 56 forms a smooth transition between

joining surfaces 18 and the end surface 50 of the pipe
section 54. An adjoining pipe section 55 can likewlse have

edge roundings.

In the region of the edge rounding 56, the welded joint 58

extends over the entire width of the jolning surfaces 18.

The wall thickness of the pipe section 54 1s formed tapered

in the manner of a bevel 1n a region 62 adjolning the

joinlng surfaces 18, as can be gathered from detail D.

The tapering 62 has been produced here by a weld seam 64 1n

the region of the joining surfaces 18 having been partially

abraded retrospectively. The weld seam 64 has a smaller

P

thickness than the wall thickness of

the pipe section in a

non-tapered reglon 66.
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reference s1gns

Support structure

14, 15, Segment/pipe section (of the support
structure)

34, 42, Segment/pipe section (of the support
structure)

48, 54, 55 Segment/pipe section (of the support
structure)

Radial weld seam/circular weld seam

Joining surfaces

Welded joints/longitudinal weld seams
Metal sheet

Holding clamp

Casing surface

Rounded portions

Region of the cold forming

Recesses

F

End side of the segment 34

End surface

Transition region

Edge rounding

Welded joint

Intermedilate space 60
Region/tapering/bevel
Weld seam

’ ol

Thickness of weld seam

P

Sheet metal thickness of the segments

12, 14, 16

Longitudinal axis (of the support

structure and of the segments/pipe

sections)
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Patent claims

1.

A support structure, 1in particular for a wind turbine,

comprising

at least two segments (12, 13, 14, 15, 1le, 32, 34, 42,

44, 46, 48, 54, 55) which are connected to one another

e
-

in such a manner that the longitudinal axes (L) thereof

run substantially collinearly to one another, whereiln

at least one of the segments (12, 13, 14, 15, 16, 32,
34, 42, 44, 46, 48, 54, 55) 1s designed as a pipe

section which has at least two mutually facing joilning
surfaces (18) which are connected to one another at

least i1n sections,

characterized in that

2 .

the joining surfaces (18) are connected to one another
by means of at least one welded joint (20), wherein a

thickness (a) of the welded joint (20) 1s smaller at

least in sections than a wall thickness (t) of the pipe
section (12, 13, 14, 15, 1le, 32, 34, 42, 44, 46, 48,
54, 55), and/or

the joining surfaces (18) are connected to one another

P

by means of at least one holding clamp (Z24).

The support structure as claimed in claim 1,

characterized in that the holding clamp (24)

3.

1s enclosed on two sides by the joining surfaces (18),

and/or

ends flush with the outer and/or inner casing surface
of the pipe section (12, 13, 14, 15, 16, 32, 34, 42,
44, 46, 48, 54, 55).

The support structure as claimed 1n either of the

preceding claims, characterized in that the holding clamp

(24)
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- has at least one concave rounded portion (28), whereiln

the rounded portion (28) in particular merges

substantially smoothly into the 7joining surfaces (18),
and/or
= has a substantially biconcave shape.

F
pp—

4. The support structure as claimed 1n one o0of the

preceding claims, characterized in that a recess (36, 38),

1n particular a rounded portion (36, 38), 1s provided in at

least one transition reglion between at least one of the

=

jJjoining surfaces (18) and an end surface of the pipe section

(12, 13, 14, 15, 1o, 32, 34, 42, 44, 46, 48, 54, 55).

. The support structure as claimed 1n claim 4,

characterized 1in that at 1least two, 1n particular four,
recesses (36, 38) are provided, whereln the recesses (30,
38) 1n particular

- are assigned to an end surface 1lying opposite each

other, and/or

- are assigned to opposite end surfaces facing away from

cach other.

g,

6. The support structure as claimed 1in either of claims 4

and 5, characterized in that

- at least one recess (36, 38) 1s spanned at Ileast in

sections, 1n particular completely, by an end surface

(40) of an adjacent segment (12, 13, 14, 15, 16, 32,
34, 42, 44, 46, 48, 54, 55), and/or

- at least one recess (36, 28) merges at 1least in

p—

sections 1nto a recess (36, 38) of an adjacent segment

(12, 13, 14, 15, 1le, 32, 34, 42, 44, 46, 48, 54, 55),

and/or

~ at least two recesses (36, 38) of two adjacent segments

(L2, 13, 14, 15, 1o, 32, 34, 42, 44, 46, 48, 54, 55)
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are arranged circumferentially at an angular offset

with respect to one another.

R

the

7. The support structure as claimed 1n one oO:

l

5 preceding claims, characterized in that
- the welded Joint (20, 21) has residual compressive
stresses 1n a thickness c¢ross section, whereln the

residual compressive stresses have been produced 1n

particular by cold forming and/or forging, and/or

ﬁ

10 - the welded Jjoint has been relieved of load by a hole

being drilled therein.

8 . The support structure as <claimed 1n one o0of the

preceding claims, characterized in that a thickening of the

15 pipe wall 1s provided at least 1n sections 1n regions of the

pipe section (12, 13, 14, 15, 16, 32, 34, 42, 44, 46, 43,

54, 55) that are assigned to the joining surfaces (18).

A

9. The support structure as claimed 1n one o0f the

20 preceding claims, characterized in that

- the joining surfaces (18) are at a distance from one
another and/or lie against one another at least 1in
sections, and/or

- at least one metal sheet (Z22) 1s arranged between the

25 joining surfaces (18), wherein the metal sheet (22) 1in
particular
- extends 1in a substantially projecting manner 1nto the
pipe interior, and/or
- has a substantially L-shaped cross section.

30

10. The support structure as claimed 1in one of the

precedling claims, characterized 1in that at least one

corrosion protection device 1s arranged between the Jjoining

surfaces (18).
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'1

the

11. The support structure as c¢laimed 1n one 0O:

preceding claims, characterized 1in that
— at least one edge rounding (56) 1s provided 1n at least

one transition region (52) between a joining surface (18)

and an end surface (50) of the pipe section (12, 13, 14, 15,
lo, 32, 34, 42, 44, 46, 48, 54, 55), 1n particular 1in that

the welded 7joint (20, 64) partially or completely fills a

F
p—

region (60), which 1s assigned to the edge rounding (56), of

the mutually facing joining surfaces (18), and/or
- at least one edge rounding 1s provided in at least one

transition region between a 7Jolning surface (18) and an

inner and/or outer casing surface of the pipe section (12,
13, 14, 15, 1le, 32, 34, 42, 44, 46, 48, 54, 55), 1n
particular i1in that the welded joint (20) partially or

completely fills a region, which 1s assigned to the edge

P

rounding, of the mutually facing joining surfaces.

R

the

12. The support structure as claimed 1n one o:
preceding claims, characterized in that

- the wall thickness (t) of the pipe section (12, 13, 14,
15, 1o, 32, 34, 42, 44, 46, 48, 54, 5) is formed 1n a

tapered manner 1n a region (62) adjacent to the 7Jjolning

surfaces (18), 1n particular 1s formed 1in a tapered manner

1n a wedge shape 1n the manner of a bevel.
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