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Description

OBJECT OF THE INVENTION

[0001] The object of the invention relates to a position-
ing device for orienting at least one post-tensioning ele-
ment in a concrete foundation.
[0002] The invention also relates to a positioning sys-
tem for orienting a post-tensioning element in a concrete
foundation, a concrete foundation of a tower of a wind
turbine, a wind turbine, and amethod of manufacturing a
wind turbine.

BACKGROUND OF THE INVENTION

[0003] The goal of wind energy consists of generating
electricity fromwind throughwind turbineswithmaximum
efficiency and minimum cost. Wind turbines comprise
basically a tower, a nacelle that houses the drive train
and the electric generator, and a rotor comprising usually
at least two blades.
[0004] The tower supports the rotor and the nacelle
and transmits the loads to the foundation. In turn, the
foundation is in charge of transferring the loads from the
tower to the ground.
[0005] Depending on the kind of soil (according to its
bearing capacity, mainly) foundations can be designed
differently and therefore be classified into shallow, half-
deep and deep.
[0006] In terms of geometry, foundations can be
shaped differently although frustoconical with a circular,
hexagonal or even octagonal shape are the most com-
mon.Theycanalsobesolid or hollow (annular), being the
difference between them that the latter ones comprise a
central hollow in a zone where foundation materials are
not necessary for load transmission. The useofmaterials
for its construction, namely concrete and steel, is there-
fore reduced in hollow foundations with regards to solid
ones.
[0007] All these foundations are suitable for wind tur-
bine towers made of steel, concrete, or both (hybrid
towers). The towers comprising concrete sections usual-
ly have some post-tensioning elements whose ends are
fastened to the foundation in order to ensure that the
concrete is under compression stresses during the most
of the wind turbine lifetime. That is, in order to avoid
undesirable tension stresses in the structure that would
lead to excessive cracks in concrete and fatigue in re-
inforcements.
[0008] The connection of the ends of the post-tension-
ing element to the foundation can differ depending on the
type of foundation, but the connection is always difficult
due to the post-tensioning inclination due to the conical
towers commonly used in these wind turbines.
[0009] The positioning device for orienting at least one
post-tensioning element in a concrete foundation solves
the drawbacks of the connection systems known in the
state-of-the-art.

DESCRIPTION OF THE INVENTION

[0010] The invention relates to a positioning device for
orienting at least one post-tensioning element in a con-
crete foundation,

wherein the post-tensioning element comprises at
least a diameter and a lower end;
wherein the foundation comprises:

- at least one vertical through-hole comprising a
vertical axis, a diameter, and a height, and being
configured to allow the passage of at least the
post-tensioning element;

- an inner upper surface configured to attach the
lower end of the post-tensioning element;

wherein the positioning device is configured, in use,
to cast the at least one vertical through-hole in the
foundation; and
wherein the positioning device comprises a cylind-
rical verticalwall comprising aheight, and adiameter
being configured to cast the diameter of the at least
one vertical through-hole which allows the passage
of the at least one post-tensioning element in an
inclined disposition with regard to the vertical axis
of the at least one vertical through-hole.

[0011] The positioning device so configured allows to
dispose thepost-tensioningelement inavertical through-
holeof the foundationeven if thepost-tensioningelement
is disposed in an inclined disposition across the founda-
tion.
[0012] Optionally, the diameter of the cylindrical verti-
cal wall is between 1,5 and 2 times the diameter of the
post-tensioning element.
[0013] So, the tolerance for the introductionof thepost-
tensioning element in the vertical through-hole of the
foundation is increased, avoiding damages on the
post-tensioning element with the walls of the vertical
through-hole.
[0014] Optionally, the height of the cylindrical vertical
wall is greater than the height of the at least one vertical
through-hole. In this way, the extraction of the position
device from the foundation is easier since it is possible to
pull from the vertical wall once the concrete of the foun-
dation is at least partially cured.
[0015] The invention also relates to a positioning sys-
tem for orienting a post-tensioning element in a concrete
foundation comprising the positioning device described
above and at least one template formwork configured to
allocate the positioning device in a first position.
[0016] Optionally, the at least one template formwork
comprises a clamp assembly configured to clamp the
positioning device in the first position.
[0017] Optionally, the positioning system further com-
prising a bearing plate configured to attach the lower end
of the post-tensioning element to the inner upper surface
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of the foundation.
[0018] Thus, thebearingplatehelps toanchor thepost-
tensioning element to the foundation and also helps to
incline the post-tensioning element with respect to the
foundation through the at least one vertical through-hole.
[0019] The invention also relates to a concrete founda-
tion of a tower of a wind turbine comprising:

- at least one vertical through-hole conformed by the
positioning device described above, the at least one
vertical through-hole comprising a vertical axis, a
diameter, andaheight, andbeing configured to allow
the passage of at least a post-tensioning element;

- an inner upper surface configured to attach a lower
end of the post-tensioning element;

wherein the at least one vertical through-hole is config-
ured to allow, in use, the passage of at least the post-
tensioning element in an inclined disposition with regard
to the vertical axis of the at least one vertical through-
hole.
[0020] Optionally, the diameter of the at least one
vertical through-hole is between 1,5 and 2 times the
diameter of the post-tensioning element.
[0021] Optionally, the foundation further comprises at
least one reinforcement surrounding, at least partially,
the at least one vertical through-hole.
[0022] Optionally, in use, the post-tensioning element
is disposed forming an angle between 1º and 1,8º with
the vertical axis of the at least one vertical through-hole.
[0023] Optionally, in use, the post-tensioning element
is disposed forming an angle between 1,2º and 1,6ºwith
the vertical axis of the at least one vertical through-hole.
[0024] The invention also relates to a wind turbine
comprising the foundation described above, further com-
prising a tower comprising at least a tower section and at
least one post-tensioning element. Preferably, the tower
is a full concrete tower or a hybrid steel-concrete tower.
[0025] The invention also relates to a method of man-
ufacturing the wind turbine described above comprising:

- a step of orienting a post-tensioning element in the
concrete foundation which in turn comprises:

- astepof casting theat least onevertical through-
hole in the foundation by means of the position-
ing device;

- a step of passing the post-tensioning element
through the at least one vertical through-hole in
an inclined disposition with regard to the vertical
axis of the at least one vertical through-hole.

[0026] Optionally, the step of casting the at least one
vertical through-hole in the foundation by means of the
positioningdevicecomprisesastepof positioningat least
one template formwork configured to allocate the posi-
tioning device in a first position.

DESCRIPTION OF THE FIGURES

[0027] To complement the description beingmade and
for the sake of a better understanding of the character-
istics of the invention according to a preferred practical
embodiment thereof, attached as an integral part of said
description are a set of drawingswherein, for the purpose
of illustration and not limiting the scope of the invention,
the following is shown:

Figure 1 shows a perspective view of the at least one
template formwork configured to allocate a plurality
of positioning devices each one in a first position.
Figure 2 shows a detail A of Figure 1.
Figure 3 shows a plan view of the foundation of the
present invention together with a first concrete sec-
tion disposed above the foundation.
Figure 4 shows a section AA of Figure 3, wherein the
reinforcements have not been represented in the left
side.
Figure 5 shows a detail B of Figure 4.

PREFERRED EMBODIMENT OF THE INVENTION

[0028] The following is a detailed description of the
positioning device (1) for orienting at least one post-
tensioning element (10) in a concrete foundation (20),

wherein the post-tensioning element (10) comprises
at least a diameter (D3) and a lower end (12);
wherein the foundation (20) comprises:

- at least one vertical through-hole (21) compris-
ing a vertical axis (22), a diameter (D1), and a
height (H1), and being configured to allow the
passage of at least the post-tensioning element
(10);

- an inner upper surface (23) configured to attach
the lower end (12) of the post-tensioning ele-
ment (10);

wherein the positioning device (1) is configured, in
use, to cast the at least onevertical through-hole (21)
in the foundation (20); and
wherein the positioning device (1) comprises a cy-
lindrical vertical wall (2) comprising a height (H2),
and a diameter (D2) being configured to cast the
diameter (D1) of the at least one vertical through-
hole (21)whichallows thepassageof theat least one
post-tensioning element (10) in an inclined disposi-
tion with regard to the vertical axis (22) of the at least
one vertical through-hole (21).

[0029] Preferably, the diameter (D2) of the cylindrical
vertical wall (2) is between 1,5 and 2 times the diameter
(D3) of the post-tensioning element (10),more preferably
between 1,65 and 1,85 times the diameter (D3) of the
post-tensioning element (10).
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[0030] As shown in Figure 5, the height (H2) of the
cylindrical vertical wall (2) is greater than the height (H1)
of theat least one vertical through-hole (21),so facilitating
the subsequent removal of the positioning device (10)
from the foundation (20).
[0031] The positioning system for orienting a post-ten-
sioning element (10) in a concrete foundation (20) com-
prising the positioning device (1) described above and at
least one template formwork (30) configured to allocate
the positioning device (1) in a first position (P1), is shown
in Figure 1.
[0032] In this embodiment, the at least one template
formwork (30) comprises a clamp assembly (31) config-
ured to clamp the positioning device (1) in the first posi-
tion (P1), a shown in Figure 2.
[0033] The positioning system further comprises a
bearing plate (15) configured to attach the lower end
(12)of thepost-tensioningelement (10) to the innerupper
surface (23) of the foundation (20).
[0034] The concrete foundation (20) of a tower (100) of
a wind turbine show in Figures 3 to 5 comprises:

- at least one vertical through-hole (21) conformed by
the positioning device (1) of any of claims 1 to 3, the
at least one vertical through-hole (21) comprising a
vertical axis (22), a diameter (D1), and a height (H1),
and being configured to allow the passage of at least
a post-tensioning element (10);

- an inner upper surface (23) configured to attach a
lower end (12) of the post-tensioning element (10);

wherein the at least one vertical through-hole (21) is
configured to allow, in use, the passage of at least the
post-tensioning element (10) in an inclined disposition
with regard to the vertical axis (22) of the at least one
vertical through-hole (21).
[0035] Preferably, in the foundation (20), the diameter
(D1) of the at least one vertical through-hole (21) is
between 1,5 and 2 times the diameter (D3) of the post-
tensioning element (10).
[0036] The foundation (20) further comprises at least
one reinforcement (24, 25) surrounding, at least partially,
the at least one vertical through-hole (21). In particular, in
this embodiment, the foundation (20) comprises at least
one reinforcement (24, 25) surrounding, at least partially,
the at least one vertical through-hole (21). Preferably, the
at least one reinforcement (24, 25) comprises a spiral
reinforcement (24) surrounding, at least partially, the
cylindrical vertical wall (2) of the at least one positioning
device (1) and/or a plurality of linear reinforcements (25)
encircling thecylindrical verticalwall (2) of theat least one
positioning device (1) in parallel directions two by two.
[0037] Once disposed in the at least one vertical
through-hole (21) of the foundation (20), the post-ten-
sioning element (10) is disposed forming an angle be-
tween1ºand1,8ºwith the vertical axis (22) of the at least
one vertical through-hole (21), preferably forming an
angle between 1,2º and 1,6º with the vertical axis (22)

of the at least one vertical through-hole (21).
[0038] Thewind turbinecomprising the foundation (20)
described above and a tower (100) comprising at least a
tower section (50) and at least one post-tensioning ele-
ment (10) is partially shown in Figure 5. The tower (100)
may be a full concrete tower or a steel-concrete tower
(hybrid tower).

Claims

1. Positioning device (1) for orienting at least one post-
tensioning element (10) in a concrete foundation
(20),

wherein the post-tensioning element (10) com-
prises at least a diameter (D3) and a lower end
(12);
wherein the foundation (20) comprises:

- at least one vertical through-hole (21)
comprising a vertical axis (22), a diameter
(D1), and a height (H1), and being config-
ured to allow the passage of at least the
post-tensioning element (10);
- an inner upper surface (23) configured to
attach the lower end (12) of the post-ten-
sioning element (10);

wherein the positioning device (1) is configured,
in use, to cast the at least one vertical through-
hole (21) in the foundation (20); and
wherein the positioning device (1) comprises a
cylindrical vertical wall (2) comprising a height
(H2), and a diameter (D2) being configured to
cast the diameter (D1) of the at least one vertical
through-hole (21) which allows the passage of
the at least one post-tensioning element (10) in
an inclined disposition with regard to the vertical
axis (22) of the at least one vertical through-hole
(21).

2. The positioning device (1) of any of claim 1, wherein
the diameter (D2) of the cylindrical vertical wall (2) is
between 1,5 and 2 times the diameter (D3) of the
post-tensioning element (10).

3. The positioning device (1) of any of preceding
claims, wherein the height (H2) of the cylindrical
vertical wall (2) is greater than the height (H1) of
the at least one vertical through-hole (21).

4. Positioning system for orienting a post-tensioning
element (10) in a concrete foundation (20) compris-
ing the positioning device (1) of any of previous
claims and at least one template formwork (30)
configured to allocate the positioning device (1) in
a first position (P1).
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5. The positioning system of claim 4, wherein the at
least one template formwork (30) comprises a clamp
assembly (31) configured to clamp the positioning
device (1) in the first position (P1).

6. Thepositioning systemof anyof claims4or 5, further
comprising a bearing plate (15) configured to attach
the lower end (12) of the post-tensioning element
(10) to the inner upper surface (23) of the foundation
(20).

7. Concrete foundation (20) of a tower (100) of a wind
turbine comprising:

- at least one vertical through-hole (21) con-
formed by the positioning device (1) of any of
claims 1 to 3, the at least one vertical through-
hole (21) comprising a vertical axis (22), a dia-
meter (D1), and a height (H1), and being con-
figured to allow the passage of at least a post-
tensioning element (10);
- an inner upper surface (23) configured to at-
tach a lower end (12) of the post-tensioning
element (10);

wherein the at least one vertical through-hole (21) is
configured toallow, inuse, thepassageof at least the
post-tensioning element (10) in an inclined disposi-
tion with regard to the vertical axis (22) of the at least
one vertical through-hole (21).

8. The foundation of claim 7, wherein the diameter (D1)
of the at least one vertical through-hole (21) is be-
tween 1,5 and 2 times the diameter (D3) of the post-
tensioning element (10).

9. The foundation of any of claims 7 or 8 further com-
prising at least one reinforcement (24, 25) surround-
ing, at least partially, the at least one vertical through-
hole (21).

10. The foundation of any of claims 7 to 9, wherein, in
use, the post-tensioning element (10) is disposed
forming an angle between 1º and 1,8º with the
vertical axis (22) of the at least one vertical
through-hole (21).

11. The foundation of claim10,wherein, in use, the post-
tensioningelement (10) is disposed forminganangle
between 1,2º and 1,6º with the vertical axis (22) of
the at least one vertical through-hole (21).

12. Wind turbine comprising the foundation of any of
claims 6 to 11, further comprising a tower (100)
comprising at least a tower section (50) and at least
one post-tensioning element (10).

13. Method ofmanufacturing awind turbine according to

claim 12 comprising:

- a step of orienting a post-tensioning element
(10) in the concrete foundation (20)which in turn
comprises:

- a step of casting the at least one vertical
through-hole (21) in the foundation (20) by
means of the positioning device (1);
- a step of passing the post-tensioning ele-
ment (10) through the at least one vertical
through-hole (21) in an inclined disposition
with regard to the vertical axis (22) of the at
least one vertical through-hole (21).

14. The method of claim 13, wherein the step of casting
the at least one vertical through-hole (21) in the
foundation (20) by means of the positioning device
(1) comprises a step of positioning at least one
template formwork (30) configured to allocate the
positioning device (1) in a first position (P1).
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