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Description

TECHNICAL FIELD

[0001] The present invention relates to a wind power plant for producing electric ener-

ay.

[0002] More specifically, the present invention relates to a wind power plant comprising
a reinforced-concrete foundation; a pylon extending along a vertical axis and compris-
ing at least one portion made of panels assembled to one another on site; an electric

generator mounted on top of the pylon; and a blade assembly for driving the generator.

BACKGROUND ART

[0003] The technique of constructing pylons from panels is normally used for excep-
tionally large pylons that are difficult to transport and handle. The documents listed be-
low relate to wind power plants comprising pylons made from panels, and which, to the
Applicant's knowledge, represent the state of the art in this regard :

Document DE 10 2007 018 025 A1 relates to a wind power plant comprising a
truncated-cone- or truncated-pyramid-shaped pylon made of curved or angled

steel panels.

Documents DE 20 2006 009 554 U1 and EP 1 262 614 A2 relate to wind power

plant pylons made partly of reinforced concrete and partly of steel.

Documents EP 1 876 316 A1, JP 2008 101363 A, JP 2009 57713 A, US
2006/0272244 A1, US 2007/0294955 A1, US2005/0129504, WO 2008/110309
A2, and WO 2009/056898 A1 relate to wind power plant pylons made of steel or

reinforced-concrete panels.

[0004] Obviously, the smaller the panels, the lighter they are, they are easier to handle
and transport, and can be made in modular or standard sizes, regardless of the up-
ward-tapering cross section of the pylon. On the other hand, small panels involve a
large number of joints, which must be made on site by skilled workmen working at con-

siderable heights, and must be checked cyclically for safety reasons. Consequently,
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the best solution is to use relatively large panels to reduce the number of joints, but not

large or heavy enough to make them difficult to transport or handle.

[0005] In the case of high-power plants with exceptionally heavy generators, the cur-
rent practice is to construct pylons in which at least the bottom portion, i.e. the portion
resting directly on the foundation, is made of prefabricated reinforced-concrete panels,

which are lighter than corresponding steel portions.

DISCLOSURE OF INVENTION

[0006] It is an object of the present invention to provide a wind power plant of the
above type, comprising a pylon which is easy to construct and, at the same time, struc-

turally strong.

[0007] Another object of the present invention to provide a wind power plant of the
above type, comprising a pylon made at least partly of assembled panels that are easy
to produce, and the size of which can be altered easily when necessary.

According to the present invention, there is provided a wind power plant for producing
electric energy according to claim 1, the wind power plant comprising a foundation; a
pylon extending along a given axis; an electric generator mounted on top of the pylon;
and a blade assembly for driving the generator; the pylon comprising at least one por-
tion made of flat, reinforced-concrete, adjacent panels assembled so the portion has a
polygonal cross section, wherein each panel comprises an outer face, an inner face,
and two lateral faces, is fixed by the lateral faces to the adjacent panels, and comprises
a main body of reinforced concrete; and lateral plates integral with the main body and
at least partly defining the lateral faces of the panel; the lateral plates preferably defin-

ing the whole of the lateral faces of the panel.

[0008] Using only flat, reinforced-concrete panels, as opposed to curved or angled
panels, the panels can be made using a vibrating machine, with no need for complex
molds; the size of the panels can be altered easily when necessary; and, being simple

in shape, the panels can even be produced at the wind power system erection site.

[0009] In a preferred embodiment of the present invention, each panel is in the form of
an isosceles trapezium, the height of which is greater than its mean width; said height

being at least three times, and preferably six times, the mean width.
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[0010] Relatively long panels can thus be produced, to construct long pylon portions

and so speed up construction of the pylon as a whole and reduce the number of joints.

[0011] Another object of the present invention is to provide a straightforward, low-cost

method of constructing a wind power plant pylon.

[0012] According to the present invention, there is provided a method of constructing a
pylon of a wind power plant according to claim 11, wherein the wind power plant com-
prises a foundation; the pylon, which extends along a given axis; an electric generator
mounted on top of the pylon; and a blade assembly for driving the generator; the pylon
comprising at least one portion made of flat, reinforced-concrete, adjacent panels as-
sembled so the portion has a polygonal cross section; and the method comprising the

steps of :
a) pouring concrete into a mold at least partly forming an integral part of said panel;
b) producing a number of panels as in step a);

¢) arranging said number of panels about the axis, so each panel is adjacent to two

panels;
d) joining the adjacent panels,

wherein the mold is defined by a table of a vibrating machine, by lateral plates, by a top
plate, and by a bottom plate; the lateral plates, the top plate, and the bottom plate be-

ing joined to the main body and forming an integral part of the panel.

[0013] Construction of the pylon portion is thus easier, and can be carried out even

entirely on site.

[0014] The molds are thus easy to make and, above all, the plates perform important
functions within the panel: the lateral plates define the lateral mating faces and con-

necting portions of adjacent panels, and impart flexural strength to the panel even be-
fore it is stressed; and the top and bottom plates define the top and bottom mating fac-

es of the panel, and serve to distribute compressive stress evenly in the main body.
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[0015] In a preferred embodiment of the present invention, the method comprises the
step of lifting each panel from a substantially horizontal position to a substantially verti-

cal position using a structure hinged to the foundation and for housing the panel.

[0016] Unlike methods in which panels are lifted using a crane, the panel is thus guid-
ed into position by a structure that prevents it from oscillating, thus making the job saf-
er, reducing the risk of damage to the panel, while at the same time positioning the

panel faster and so speeding up construction of the pylon as a whole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A non-limiting embodiment of the present invention will be described by way of

example with reference to the accompanying drawings, in which :

Figure 1 shows a side view, with parts removed for clarity, of a wind power plant

in accordance with the present invention;

Figure 2 shows a plan view, with parts removed for clarity, of a detail of Figure
1;

Figure 3 shows a cross section, with parts removed for clarity, along line IlI-11l of

the Figure 1 plant;

Figure 4 shows a larger-scale detail of the Figure 3 cross section;

Figures 5 and 6 show larger-scale sections, with parts removed for clarity, of a

detail of the Figure 1 plant in two different planes;

Figure 7 shows a view in perspective of a panel during construction and posi-
tioned on a vibrating machine in accordance with the method according to the

present invention;

Figures 8 and 9 show two sections of respective steps in assembling a panel in

accordance with the method according to the present invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0018] Number 1 in Figure 1 indicates as a whole a wind power plant for producing
electric energy, and which comprises a reinforced-concrete foundation 2; a pylon 3
extending along a vertical axis A1; an electric generator 4 mounted on top of pylon 3;

and a blade assembly 5 for driving generator 4 and which rotates about an axis A2.

[0019] Generator 4 is fixed to a nacelle 6 which rotates with respect to pylon 3 about
axis A1; and blade assembly 5 comprises a hub 7 integral with the rotor (not shown) of

generator 4, and three blades 8, of which only two are shown in Figure 1.

[0020] In the Figure 1 example, pylon 3 is defined by flat, reinforced-concrete panels 9
evenly distributed about axis A1 and connected to one another; and by a ring 10 on the
top end of panels 9. Panels 9 are identical, and are isosceles-trapezium-shaped so

pylon 3 tapers upwards once they are assembled.

[0021] The height of each panel is greater than its mean width, and is at least three

times and, in the example shown, ten times the mean width.

[0022] In the example shown, pylon 3 comprises ten identical panels 9, so it has a
cross section in the form of a regular decagon tapering upwards. The number of ten
panels 9 arranged in a circle about axis A1 obviously in no way limits the present in-

vention.

[0023] In the Figure 1 example, the pylon is defined by one portion comprising panels
9 and ring 10, though the present invention also extends to embodiments (not shown)

in which the pylon is defined by a portion comprising panels 9 and ring 10, and by steel
portions fixed to ring 10, or is defined by a number of reinforced-concrete portions

comprising respective panels and respective rings.

[0024] Once panels 9 are assembled to one another, each is compressed by cables
11 housed inside and extending the full height of panel 9. Cables 11 are anchored to
foundation 2 and to ring 10, as shown more clearly in Figure 5, and serve to precom-

press panel 9 to enable the concrete to withstand tensile/bending stress.

[0025] Foundation 2 comprises a platform 12 for supporting panels 9. As shown in
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Figure 2, platform 12 has a top face 13; and a seat 14 (Figures 5 and 6)which extends
about axis A1 on top face 13, and serves to house panels 9. As shown in Figure 1,
platform 12 comprises a lateral face 15, in which are formed a number of cavities 16
equally spaced about axis A1 in the example shown. As shown more clearly in Figures
5 and 6, seat 14 communicates with each cavity 16 along holes 17 - in the example
shown, four holes 17 - through which respective cables 11 extend. Each cable 11 is
anchored to foundation 2 by a terminal 18 integral with the bottom end of cable 11 and
resting against a face of one of cavities 16. Similarly, each cable 11 is anchored to ring
10 by a terminal 18 integral with the top end of cable 11 and resting against a face of

ring 10.

[0026] As shown in Figure 5, seat 14 has flared lateral faces 19; and a bottom face 20,
along which depressions 21 are formed at holes 17. Once panels 9 are inserted inside

seat 14, the rest of seat 14 is filled with mortar 22, as shown in Figure 5.

[0027] With reference to Figure 3, each panel 9 comprises an outer face 23; an inner
face 24; two lateral faces 25; a top face 26 (on the right in Figure 2); and a bottom face
27 (Figure 5).

[0028] With reference to Figure 4, panels 9 are connected to one another along lateral
faces 25 by means of fastening devices 28 which, in the example shown, are bolted
joints. Each panel 9 comprises a main body 29; lateral plates 30; a top plate 31 (Figure
2); and a bottom plate 32 (Figures 5 and 6). Main body 29 is made of concrete, and
incorporates reinforcement 33 - in the example shown, two metal mats - and four tubes
34 located between the metal mats of reinforcement 33 and for guiding cables 11 in-
side panel 9. Main body 29 defines outer face 23 and inner face 24, which are flat and
parallel. And cavities 35 are formed along inner face 24, are partly defined by lateral
plates 30, and serve to allow insertion of and access to fastening devices 28, which are

inserted through lateral plates 30 of adjacent panels 9.

[0029] Lateral faces 25 extend along lateral plates 30, which have holes for fastening
devices 28 to connect adjacent lateral plates 30 and, therefore, adjacent panels 9. Lat-
eral plates 30, top plate 31, and bottom plate 32 (Figures 5, 6) are joined to main body

29 by known fasteners (not shown) which extend inside main body 29. As opposed to
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being joined directly to one another to form a frame, lateral plates 30, top plate 31, and

bottom plate 32 are preferably connected to one another by the main body.

[0030] With reference to Figures 5 and 6, bottom plate 32 has projections 36 located
at the holes through which cables 11 are threaded; and projections 36 engage respec-

tive depressions 21 to position panels 9 perfectly inside seat 14.

[0031] Reinforcement 33 is also not connected directly to lateral plates 30, top plate
31, and bottom plate 32; and tubes 34 are preferably connected to top plate 31 and
bottom plate 32.

[0032] Lateral plates 30 preferably extend along the whole of panel 9 to stiffen and

enhance the flexural strength of panel 9.

[0033] Figure 7 shows a panel 9 during construction and positioned on a vibrating ma-
chine 37, which is used to make concrete parts and comprises a vibrating table 38, on

which the molds containing cement for thickening by vibration are placed.

[0034] In the Figure 7 example, the mold is defined by table 38, lateral plates 30, top
plate 31, and bottom plate 32. Plates 30, 31, 32 are positioned to form a frame on table
38, and are kept in a more or less sloping position with respect to table 38 by prefera-

bly adjustable sloping supports 39.

[0035] Reinforcement 33 and tubes 34 are held in position by supports not shown in
Figure 7, while bodies 40 are positioned contacting lateral plates 30 to complete the
mold. Once the mold is formed, and the reinforcement, defined by mats 33, tubes 34,
and bodies 40 are positioned inside the mold, concrete is poured over the reinforce-

ment and tubes 34, and partly around bodies 40, to form body 29.

[0036] Once the concrete is set, panel 9 is ready for assembly to foundation 2 and to

other similarly made panels 9 to form pylon 3.

[0037] For easy assembly and handling of panels 9, which are extremely long and
subject to severe bending stress, an elongated structure 41 (Figure 9) is used to form a

cradle attachable to panel 9, and is hinged about an axis A3 parallel to the portion of
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seat 14 into which panel 9, supported by elongated structure 41, is inserted. Panel 9 is
substantially positioned on elongated structure 41 so that, when elongated structure 41
rotates about axis A3, panel 9 is lifted into a substantially vertical position with the aid

of a lifting machine (not shown) and possibly a harness 42.

[0038] In other words, panel 9 is rotated from a substantially horizontal position (Figure
8) to a substantially vertical position (Figure 9) by elongated structure 41 hinged to

foundation 2 and for housing panel 9.

[0039] Scaffolding (not shown) may be erected on platform 12 to support panel 9 in a
substantially vertical position and enable workers to work at different heights to connect

panels 9.

[0040] As will be clear from the detailed description of the preferred embodiment of the
present invention, the main advantages lie in greatly simplifying manufacture and as-

sembly of the panels, and also in enabling easy alterations to the size of the panels.

[0041] Moreover, the lateral, top and bottom plates form part of the mold, and perform

important structural functions within the finished panel.

[0042] Clearly, changes may be made to the wind power plant and method as de-
scribed herein without, however, departing from the scope of the accompanying
Claims.
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PATENTKRAV

1. Vindkraftanleeg til produktion af elektrisk energi, hvilket vindkraftanleeg (1) omfatter
et fundament (2); en pylon (3), som straekker sig langs med en given akse (A1); en
elektrisk generator (4), som er monteret oven pa pylonen (3); og en bladsamling (5) il
at drive generatoren (4); hvilken pylon (3) omfatter mindst én del, som er fremstillet af
flade, tilgreensende paneler (9) af armeret beton, som er samlet saledes, at delen har
et polygonalt tveersnit, hvor hvert panel (9) omfatter en ydre flade (23), en indre flade
(24) og to laterale flader (25), er fastgjort ved hjeelp af de laterale flader (25) til de til-
greensende paneler (9) og omfatter en hoveddel (29) af armeret beton; og laterale pla-
der (30), som er ud i ét med hoveddelen (29) og i det mindste delvist definerer de late-
rale flader (25) af panelet (9); idet de laterale plader (30) fortrinsvis definerer helheden

af de laterale flader (25) af panelet (9).

2. Vindkraftanleeg ifelge krav 1, hvor delen af pylonen (3) er fremstillet af identiske pa-

neler (9).

3. Vindkraftanleeg ifglge krav 1 eller 2, hvor hvert panel (9) er i form af et ligebenet tra-
pez, hvis hgjde er stgrre end dets middelbredde; hvilken hgjde er mindst tre gange og

fortrinsvis seks gange middelbredden.

4. Vindkraftanleeg ifelge et hvilket som helst af de foregdende krav og omfattende en
reekke fastggrelsesindretninger (28), som hver gar i indgreb med et par af laterale kon-

taktplader (30) af to tilgraensende paneler (9).

5. Vindkraftanlaeg ifglge krav 4, hvor hver hoveddel (29) har hulrum (35), der greenser
op til de laterale plader (30); idet hvert hulrum (35) delvist huser en fastgegrelsesindret-
ning (28) til fastgarelse af to tilgraensende laterale plader (30); og hulrummene (35)

fortrinsvis er ligeligt fordelt langs med panelet (9) og delvist afgraenset af én af de late-

rale plader (30).

6. Vindkraftanlaeg ifelge et hvilket som helst af de foregaende krav, hvor fundamentet

(2) har et polygonalt seede (14) omkring aksen (A1) til at huse panelerne (9).
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7. Vindkraftanleeg ifglge krav 4, hvor hvert panel (9) omfatter en hoveddel (29) af arme-
ret beton; og hvor en bundplade (32) definerer en bundflade (27) af panelet (9), som er
huset inde i seedet (14).

8. Vindkraftanleeg ifalge krav 5, hvor hvert saede (14) har en lige del til at huse et re-
spektivt panel (9); idet den lige del af saedet (14) og bundpladen (32) af panelet (9) har
respektive positionsindikatorer til at positionere panelet (9) i forhold til fundamentet (2);

og idet positionsindikatorerne fortrinsvis omfatter fordybninger (21) og fremspring (36).

9. Vindkraftanleeg ifelge et hvilket som helst af de foregdende krav, hvor hvert panel (9)
omfatter en hoveddel (29) af armeret beton; og en topplade (31), som definerer en top-
flade (26) af panelet (9).

10. Vindkraftanleeg ifalge et hvilket som helst af de foregaende krav, hvor hvert panel
(9) er udsat for belastning af kabler (11), som straekker sig mellem fundamentet (2) og

toppen af panelet og er forankret til fundamentet og til en ring (10) oven pa panelerne

9).

11. Fremgangsmade til konstruktion af en pylon (3) af et vindkraftanleeg (1) ifelge krav
1, hvor vindkraftanleegget (1) omfatter et fundament (2); en pylon (3), som straekker sig
langs med en given akse (A1); en elektrisk generator (4), som er monteret oven pa
pylonen (3); og en bladsamling (5) til at drive generatoren (4); hvilken pylon (3) omfat-
ter mindst én del, som er fremstillet af flade, tilgraensende paneler (9) af armeret beton,
som er samlet saledes, at delen har et polygonalt tvaersnit; og hvor fremgangsmaden

omfatter fglgende trin:

a) der heeldes beton i en stgbeform, som i det mindste delvist udger en integreret
del af panelet (9);

b) der fremstilles et antal paneler (9) som i trin a);

c) antallet af paneler (9) anbringes omkring aksen (A1), saledes at hvert panel (9)
greenser op til to paneler (9);

d) de tilgraensende paneler (9) sammenfgjes, hvor stgbeformen er defineret af et
bord (38) af en vibreringsmaskine (37), af laterale plader (30), af en topplade
(31) og af en bundplade (32); idet de laterale plader (30), toppladen (31) og
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bundpladen (32) er sammenfgjet med hoveddelen (29) og udger en integreret

del af panelet (9).

12. Fremgangsmade ifglge krav 11, hvor stebeformen omfatter elementer (40), som

greenser op til de laterale plader (30) og er til at definere hulrum (35) i panelet (9).

13. Fremgangsmade ifglge krav 11 eller 12 og omfattende et trin, hvor hvert panel (9)
haeves fra en i det vaesentlige vandret position til en i det vaesentlige lodret position ved

hjeelp af en struktur (41), som er haengslet til fundamentet (2) og huser panelet (9).
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