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(57) Abréegée/Abstract:
The Invention relates to a wind turbine tower (2) comprising at least two annular tower rings (3, 9, 14) placed vertically on top of

each other. The wind turbine tower (2) Is characterized in that, a first tower ring (8, 9, 14) overlaps at least a further tower ring
(3, 9, 14) of the at least two tower rings (8, 9, 14). The invention further relates to a wind turbine (1), a wind turbine tower elevator
(22) for use In a wind turbine tower (2) and a method for assembling a wind turbine tower (2).

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




woO 2007/082531 A1 I D00 AR 00 RO 000 0

CA 02637404 2008-07-17

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization |3

International Bureau

(43) International Publication Date
26 July 2007 (26.07.2007)

(51) International Patent Classification:
FEo4H 12/08 (2006.01)

(21) International Application Number:
PCT/DK2006/000027

(22) International Filing Date: 17 January 2006 (17.01.2006)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant (for all designated States except US): VESTAS
WIND SYSTEMS A/S [DK/DK]; Alsvej 21, DK-8900
Randers (DK).

(72) Inventor; and
(75) Inventor/Applicant (for US only): OLLGAARD, Bgrge
[DK/DK]; Torvegade 92, DK-6700 Esbjerg (DK).

(74) Agent: PATENTGRUPPEN ApS;
Aaboulevarden 31, DK-8000 Arhus C (DK).

Arosgaarden,

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(10) International Publication Number

WO 2007/082531 Al

Al, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: A WIND TURBINE TOWER, A WIND TURBINE, A WIND TURBINE TOWER ELEVATOR AND A METHOD

FOR ASSEMBLING A WIND TURBINE TOWER

— T v - —— vy ———
-
-
'.-—-—-\—————-..-.-"""
——
-
——
-
-
-

y -
- - —
- - -
- - - -
- N s
-
— -

(57) Abstract: The invention relates to a wind tur-
bine tower (2) comprising at least two annular tower
rings (8, 9, 14) placed vertically on top of each other.
The wind turbine tower (2) is characterized in that, a
first tower ring (8, 9, 14) overlaps at least a further
tower ring (8, 9, 14) of the at least two tower rings
(8, 9, 14). The invention further relates to a wind tur-
bine (1), a wind turbine tower elevator (22) for use in
a wind turbine tower (2) and a method for assembling
a wind turbine tower (2).
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A WIND TURBINE TOWER, A WIND TURBINE, A WIND TURBINE TOWER ELEVATOR AND A
METHOD FOR ASSEMBLING A WIND TURBINE TOWER

Background of the invention

The invention relates to a wind turbine tower, a wind turbine, a wind tufbine tower

elevator and a method for assembling a wind turbine tower.

Description of the Related Art

A wind twbine known in the art comprises a tapered wind turbine tower and a wind
turbine nacelle positioned on top of the tower. A wind turbine rotor with three wind
turbine blades is connected to the nacelle through a low speed shaft, which extends

out of the nacelle front as 1llustrated on figure 1.

Wind turbine towers typically comprise a number of tapered round tower sections
mounted on top of each other. The tower sections are usually bolted together through
internally placed horizontal flanges, which are welded to the top and bottom of each
tower section. Each tower sections comprise a number of tower rings welded to each
other. These tower rings are usually made of steel plates, which are rolled into a

circular shape and welded to make them constitute a closed 360° ring.

The general idea behind this design 1s that, the tower has to be relatively easy to
assemble at the mounting site and that a round tower without any visible joints is
more pleasing to the eye, But in resent years the development of mass-produced
wind turbines has moved towards making them bigger and bigger, both in output and
in size. This process calls for better and more cost-efficient components and
manufacturing methods, and particularly in the field of wind turbine towers, this '

development has been profound. The manufacturing facilities for large modern wind '"
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turbine towers demands a building with a free height of 8 m, access to lifting
equipment with a capacity of 70 t and highly specialised and expensive rolling
equipment. Furthermore, welding reduces the towers fatigue limit and thereby its
strength, which makes it necessary to make the tower or at least parts of the tower of

plates thicker than what otherwise, would be necessary.

European patent application EP 1 561 883 disclose a wind turbine tower made of
staggered prefabricated metal parts. The metal parts are formed as long substantially
rectangular plates, which are open at the side facing the inside of the tower. The parts
are bolted together inside the tower through their adjacent sides. Large annular
stiffening ring can be provided to the inside of the tower to improve the towers
rigidity. This design provides for a polygonal tower where welding in and between
the tower sections are severely reduced or eliminated. But the metal parts have a

complex design and are thereby difficult and expensive to manufacture.

An object of the invention is to provide for a wind turbine tower without the

mentioned disadvantages.

Especially it is an object of the invention to provide for a cost efficient tower design

which provides for a simple tower manufacturing process.

Furthermore, it is an object of the invention to provide efficient means for aiding the

assembly of the tower and the succeeding maintenance.

The invention

The invention provides for a wind turbine tower comprising at least two annular
tower rings placed vertically on top of each other, characterized in that a first tower
ring of said at least two tower rings overlaps at least a further tower ring of said at

least two tower rings.
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It is advantageous to make the tower rings of a wind turbine overlap, in that it

provides for a simple tower design which can be manufactured be means of low-tech

manufacturing means.

Making the tower rings overlap enables the possibility of connecting the rings by
means of mechanical connection means such as screws, bolts or rivets. Hereby
welding in the tower is avoided, and especially in areas of the world where the time
rate of wages is relatively low, it is economical advantageous to e.g. bolt the rings
together, in that even though it might sometime be more time consuming than
making welded joints, the bolted tower can be made of thinner plate, hereby reducing

the material cost of the tower.

It should be emphasised that in a wind turbine tower known in the art the tower rings
are usually welded together in tower sections, which then are bolted together. In a
wind turbine tower according to the invention all the connections between the tower
rings and sections are in principle the same. This means that when there is referred to
tower ring or rings, it could just as well be tower sections, in that a tower section in a
tower according to the invention would be a number of tower rings connected in the

same way, that the sections would be connected.

In an aspect of the invention, said at least two tower rings overlaps in a substantially
horizontal overlap region consisting of a bottom section of a tower ring and a top

section of another tower rings.

It 1s advantageous to make the tower rings overlap at an overlap region as described

in that, hereby an advantageous region for connecting the tower rings is established.

In an aspect of the invention, said substantially horizontal overlap region extend in

said tower rings longitudinal direction.
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Making the overlap region extend in the same direction as the tower rings extend is
advantageous in that, it provides for a simple tower design where the tower rings are
relatively simple to manufacture and the connection of the tower rings can be made

simple e.g. by means of bolis.

In an aspect of the invention, said bottom section and/or said top section are angled

in an angle a, B, respectively, in relation to a middle section of said tower rings.

It 1s advantageous to bend the bottom section and/or the top section of an overlap in

that, it provides for a more optimal load distribution through the overlap.

In an aspect of the invention, said angles a, B are between 0.5° and 15 °, preferably 1°

and 10° and most preferred between 2° and 7°.

If the angles are too small the load distribution becomes less optimal and if the
angles are too big the tower rings becomes more difficult to manufacture and the

overlap region becomes less materiel efficient.

The present angle ranges therefore provides for an advantageous relation between

good load distribution and use of material.

It should be emphasised the angles o and B not necessary have to be exactly the

Same.

In an aspect of the invention, said at least two tower rings overlaps downwards,
making an upper tower ring overlap a lower tower ring placed immediately beneath

said upper tower ring and so on.
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Making the tower rings overlap downwards is advantageous in that, the slit between
the overlapping rings will face downwards hereby reducing or eliminating the risk of

water penetrating the joint, because rain, snow and other will run of the tower

surface.

In an aspect of the invention, said at least two tower rings are connected through said

substantially horizontal overlap region.

It 1s advantageous to connect the tower rings through the overlap region in that, it
provides for an advantageous place for connecting the tower rings by mechanical

connection means such as bolts, screws or rivets.

In an aspect of the invention, said at least two tower rings are connected by bolts.

T'o connect a load carrying joint in a wind turbine tower by means of welding is a
rather complex procedure, which properly has to be preformed by certified welders
and possibly controlled afterwards by means of X-ray, ultrasonic or another non-
destructive control method, to ensure the quality of the joint. A person providing
bolts to a bolted load carrying joint of a wind turbine tower only needs very little
instruction to perform the job satisfactory, and the control procedure is much simpler

and demands much simpler equipment.

Furthermore the connection could also be made by screws or rivets, but screws are
usually more expensive than bolts and traditional rivets are most often too time-

consuming to mount.

In an aspect of the invention, said at least two tower rings are of substantially

constant height.
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Making the tower rings with substantially constant height is advantageous in that, it
provides for a simple manufacturing procedure of the tower rings and a simple

assembly process of the tower.
In an aspect of the invention, wherein said at least two tower rings are made of steel.

Making the tower rings of steel is advantageous in that, it is a well-proven, relatively
inexpensive and strong material, which is very suitable for making wind turbine

fowers.

In an aspect of the invention, said at least two tower rings comprise at least two

tower plates.

By making the tower rings of a number of tower plates it is possible to manufacture
the plates in a manufacturing facility with less free height, than the full tower ring
diameter and the plates are smaller and lighter than a full tower ring and thereby
easier to manage during manufacturing. Furthermore, the design of traditional
welded towers is limited by the fact that the tower sections or rings have to be able to
pass under bridges, high-voltage cables etc. during transport. By making the tower
rings of a number of tower plates it is possible to transport the tower as individual
plates which are assembled at or in close proximity of the erection site. Hereby it is
possible to design towers with better load transferring qualities, such as a tower

which is e.g. more than 10 meters in diameter at the base of the tower.

In an aspect of the invention, said at least two tower rings comprise between 1 and
50, preferably 3 and 30 and most preferred between 5 and 11, such as 8 horizontally

juxtaposed tower plates.

The manufacturing and assembly cost increases with the number of tower plates in a

tower ring, but if the number of plates becomes to low, the plates become bigger and
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thereby more difficult to handle, and the previously mentioned advantages are
thereby reduced or disappears.

The present plate number ranges therefore provides for an advantageous relation

>  between manufacturing and assembly cost and the ability to manage the plates
reasonably easy.
In an aspect of the invention, said at least two tower plates comprise a first vertical or
substantially vertical side section and a second vertical or substantially vertical side
10

section where said first side section overlaps a second side section of a horizontally
juxtaposed tower plate.

Making the tower plates overlap sideward is advantageous in that, it enables the

possibility of connecting the tower plates by mechanical connection means such as
15 screws, bolts or rivets.

In an aspect of the invention, said at least two tower plates are connected through

said overlap by means of bolts.
20 This provides for an advantageous embodiment of the invention.

In an aspect of the invention, said at least two tower plates comprise between 1 and

S, preferably 2 or 3 vertically or substantially vertically bends.

25  The manufacturing costs increases with the number of bends, but regarding load

distribution the optimal tower ring design is round e.g. in that the tower has to

transfer the moment of wind loads from all directions.

The present bend number ranges therefore provides for an advantageous relation

30 between manufacturing cost and advantageous load transferring qualities.
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In an aspect of the invention, said at least two tower plates has a bottom width which

are wider than the width of the top width.

Making the tower plates wider at the bottom than at the top 1s advantageous in that, it
provides for a simple way of making the tower wider at the bottom than at the top,

which provides for an advantageous tower design load-transferring wise.

In an aspect of the invention, said tower plates in a tower ring are substantially

1dentical in shape.

Making all the tower plates of a specific tower ring identical is advantageous in that,

it simplifies the manufacturing and assembly process.

In an aspect of the invention, said at least two tower plates comprise a cut-out in at

least one corner.

Providing the tower plates with a cut-out in at least one corner is advantageous in
that, it enables the possibility of making the tower plates overlap both up and down

and sideward.

In an aspect of the invention, said at least two tower plates has an longitudinal extend

of between 1 and 50 m, preferably between 3 and 30 m, and most preferred between
7 and 15 m.

The longer the plates are, the more difficult they are to handle, and the shorter they
are, the higher the manufacturing and assembly costs becomes of a tower of a given

height.
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The present length ranges therefore provides for an advantageous relation between

manufacturing and assembly costs and advantageous handling qualities.

E.g. it each tower ring of a 80 meter high wind turbine tower comprise eight tower
5 plates and each of these tower plates are approximately 11 meters long, the entire

disassembled tower can be fitted into three standard 40 feet transport containers.

In an aspect of the invention, said at least two tower rings are tapered making them

wider at the bottom section than at the top section.

10
Making the tower rings wider at the bottom than at the top is advantageous in that, it
provides for an advantageous tower design regarding transferring of loads.
In an aspect of the invention, said at least two tower rings are polygonal shaped.

15

By making the tower polygonal, expensive and complex rolling equipment 1s
avoided, in that the rings can be shaped by means of a number of vertical or
substantially vertical bends. Hereby the shaping of the tower rings are not restricted
to plants comprising highly specialised rolling mills, but the rings can be made on
20  much more simple and common bending machines found all over the world. This
enables the manufacturing of the towers near their mounting site, even though these
areas often are rather remote, and hereby transporting the towers over long distances

is avoided.

5 Embodiments of the invention further provide for a wind turbine comprising a wind

turbine tower.

Even further the invention provides for a wind turbine tower elevator for use in a
‘wind turbine tower, characterized in that said elevator comprises means for enabeling |

30 both vertically and horizontally movement of said elevator.
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Providing a wind turbine tower with a wind turbine tower elevator, which comprises
means for making said elevator move both vertically and horizontally, is
advantageous in that, it enables easy access to substantially the entire inside surface
of the tower. Hereby it is made easy to access the section joints and other both during

erection of the tower and succeeding maintenance.

In an aspect of the invention, said elevator comprise means for making an elevator
basket of said elevator maintaining a constant distance to the inside surface of said

wind turbine tower.

If the tower taper, making it wider at the bottom than at the top, 1t is advantageous
that the elevator maintains a substantially constant distance to the inside surface of
the tower rings, in that a person operating the elevator is able to reach all or almost

all the bolts during control or tightening up.

In an aspect of the invention, said means comprise a number of rails attached to the

inside of said tower by means of magnets.

It 1s advantageous to provide the inside surface of the tower with a number of rails, in
that they provides for a simple way of maintaining a substantially constant distance
between the elevator and the inside surface of the tower rings. Furthermore, it is
advantageous to attach these rails by means of magnets, in that it provides for a

simple way of attaching the rails and at the same time avolding welding.

In an aspect of the invention, said means enabeling horizontally movement of said

elevator comprise a substantially horizontal annular rail.
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Using an annular rail for enabling the elevator to move in the horizontal plane 1s
advantageous, in that it provides for a simple and well-proven way of moving loads

in a horizontal plane.

A tower according to the invention comprises a multitude of e.g. bolted joints.
Providing the tower with an elevator according to the invention is advantageous, in
that it hereby is easy to access the joints connecting the tower rings and/or the tower
plates, Both during the assembly of the tower, immediately after and at certain
intervals during the towers life the bolts of the joints has to be controlled and
possibly tightened up. An elevator, which easily can be positioned in front of or in
close proximity of these bolts no matter their “radial” or “axial” position in the

tower, 1s therefore advantageous.

The invention further provides for a method for assembling a wind turbine tower.
Said method comprising the steps of establishing at least two tower rings, mounting a
first tower ring of said at least two tower rings on at least a further tower ring of said

at least two tower rings, making said first tower ring overlap said further tower ring,

and connecting said first fower ring and said further tower ring through their overlap

by use of connection means.

Hereby is achieved an advantageous wind turbine tower assembly method according

to the invention.

In an aspect of the invention, said connection means are tightened up by use of an

elevator which comprises means for enabling both vertically and horizontally

movement of said elevator.
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Bolted joints in a wind turbine tower has to be tightened up several times during the
life of the tower due to vibrations, varying temperatures and loads etc., and doing this
by use of an elevator, which can move both vertically and horizontally, is

advantageous in that, it provides easy access to the bolts.

In an aspect of the invention, an elevator basket of said elevator maintains a

substantially constant distance to the inside surface of said tower rings.

In an aspect of the invention, said assembling is done at or in close proximity of the

mounting site where said wind turbine tower is to be erected.

Assembling the tower at or in close proximity of the site where the tower is to be
erected 1s advantageous, in that transport over long distances, of large tower parts
which are difficult to manage, is avoided. Furthermore, assembling the tower at or in
close proximity of the erection site is possible due to the fact, that a bolted load
carrying joint can be made correctly even under relatively primitive conditions,
whereas a welded load carrying joint demands a more controlled environment to be

made reliably.

Figures

The nvention will be described in the following with reference to the figures in
which

fig. 1. llustrates a large modern wind turbine known in the art,

as seen from the front,

fig. 2 illustrates a section of a wind turbine tower according to
the mvention immediately before the assembly of two

round tower rings, as seen in perspective,
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fig. 3 1llustrates an embodiment of a round tower ring, as seen
from above,
> fig. 4 illustrates an embodiment of a polygonal tower ring, as

seen from above,

fig. 5 illustrates a section of a wind turbine tower according to
the invention immediately before the assembly of two

10 polygonal tower rings, as seen in perspective,

fig. 6 1llustrates a section of a wind turbine tower according to
the invention during the assembly of two polygonal tower

rings, as seen in perspective,

15
fig. 7 illustrates a part of a cross-section of a tower section joint
known in the art,
fig. 8 1llustrates a part of a cross-section of an embodiment of a
20 tower ring joint according to the invention,
fig. 9 1llustrates a part of a cross-section of another embodiment
of a tower ring joint according to the invention,
25 fig. 10 1llustrates an embodiment of a tower plate before it has
been bended,
fig. 11 1llustrates the same embodiment of a tower plate as

illustrated in fig. 10 after it has been bended,
30
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fig. 12 illustrates a cross-section of a wind turbine tower
according to the invention, comprising an embodiment of

an elevator, as seen from the side, and

fig. 13 illustrates a cross-section of a wind turbine tower
according to the invention, comprising an embodiment of

an elevator, as seen from the bottom.

Detailed description

Fig. 1 illustrates a wind turbine 1 known in the art, comprising a tapered tower 2,
which is subdivided into a number of tower sections 6. A wind turbine nacelle 3 is

positioned on top of the tower 2.

The wind turbine rotor 4, comprising a number of wind turbine blades S, 18
connected to the nacelle 3 through the low speed shaft which extends out of the

nacelle 3 front.

Fig. 2 illustrates a section of a wind turbine tower 2 according to the invention
immediately before the assembly of two round tower rings 14, as seen in perspective.
Fig. 2 shows an upper tower ring 8 on its way to be placed on a lower tower ring 9
making the bottom section 11 of the upper ring 8 overlap the top section 12 of the
lower ring 9 in a horizontal overlap region 35. When the tower rings 8, 9 are in place

the two rings are joined by bolting or riveting the rings 8, 9 together through the rows
of bolt holes 10.

In this embodiment of the invention the tower rings 8, 9 are made as full 360°
annular round rings. To make a ring overlap another ring the diameter of the bottom

section 11 of the upper tower ring 8 has to be approximately or at least two plate
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thicknesses greater or smaller than the diameter of the top section 12 of the lower
tower ring 9. This could be done by making the rings 8, 9 taper in their entire vertical
extent in parts of their vertical extent or the bottom and/or top section 11, 12 could be
provided with a number of bending cut-outs, enabling that the sections 11, 12 where
bended and therefore could overlap - even though their diameters where the same

before they where bended.

Fig. 3 illustrates a round annular tower ring 14 as seen from above. In this
embodiment of the invention the tower ring 14 is made of eight tower plates 13, but
in another embodiment of the invention, the tower ring 13 could comprise fewer or

more tower plates 13, such as six, seven, nine or ten.

In this embodiment of the invention the tower ring 14 has a constant uniform cross-
section in its longitudinal direction, making the tower ring 14 substantially
cylindrical, but in a preferred embodiment of the invention the tower plates could be
wider at the bottom than at the top, making the tower ring 14 tapered or substantially

conical.,

In this embodiment of the invention a first side section 17 of a tower plate 13
overlaps’'a second side section 18 of a horizontally adjacent tower plate 13. The first
side section 17 of said adjacent tower plate 13 then overlaps a second side section 18
of a further tower plate 13 and so on. This pattern continues all the way around with
constant width (Wj) of the vertical joints, making the tower design uniform, but in
another embodiment of the invention every other plate 13 could overlap its

horizontally neighboring plates 13 to both sides.

Fig. 4 illustrates a polygonal annular tower ring 14 as seen from above.

In this embodiment of the invention all the tower plates 13 are substantially identical,

and each plate 13 comprise two vertical or substantially vertical bends 16 making the
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tower ring 14 polygonal, with in this case twenty four sides, but in another
embodiment the plates 13 could comprise another number of bends 16 such as three

or tour, making the ring 14 thirty two or forty sided, if the tower ring 14 comprise

eight tower plates 13.

In an even further embodiment of the invention the tower plates 13 of the tower ring
14 could be welded together or the tower ring could be made of one tower plate 13

comprising a plurality of bends 16 which where bolted or welded to join its two ends.

Fig. 5 illustrates a section of a polygonal wind turbine tower 2 according to the
invention immediately before the assembly of two tower rings 14, as seen in
perspective. Fig. 3 shows an upper tower ring 8 on its way to be placed on a lower
tower ring 9 making the bottom section 11 of the upper ring 8 overlap the top section
12 of the lower ring 9 in a horizontal overlap region 35. At this time of the assembly
process the tower plates 13 in the two tower rings 14 would be bolted together at

their vertical joints 15, but in fig. 3 the vertical joints 15 are illustrated without

connection means such as screws, bolts or rivets.

Fig. 5 further illustrates that in order to make the upper and the lower tower ring 8, 9
overlap, at least one corner of the plates 13 has to be removed. In this embodiment of
the invention three corners or each plate 13 are chamfered. A first top corner 19 of a
plate 13 in the lower tower ring 9 and a first bottom corner 20 of a plate 13 in the
upper tower ring 8 are chamfered to make it possible for the plates 13 to overlap both
vertically and horizontally. The second top corner 21 is also chamfered in this
embodiment of the invention to ensure free access to otherwise covered bolt holes. In

another embodiment a second bottom corner could also be chamfered to ensure free

access to bolt holes.
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In another embodiment of the invention only one corner of each plate 13 is
chamfered or the corner or corners could comprise a cut-out of another shape such as

rectangular, polygonal or some other regular or irregular shape.

Fig. 6 illustrates a section of a wind turbine tower 2 according to the invention during
the assembly of two polygonal tower rings 14 as seen in perspective. In this
embodiment only some of the bolt holes are provided with connection means, which
in this case are bolt 34 provided with nuts on the inside of the tower 2, but when the
assembly process is finished, all the bolt holes will be provided with connection

mecarns.

In this embodiment of the invention the chamfering of the first bottom corner 20 of a
plate 13 is visible, but in a preferred embodiment of the invention the cut-out,
accommodating room for the corners of the overlapping plates 13, could be

completely covered by an overlapping plate 13.

Fig. 7 illustrates a part of a cross-section of a tower section 6 joint known in the art.
As illustrated in fig. 1, a traditional wind turbine tower 2 comprises a number of
tapered round tower sections 6 mounted on top of each other. The tower sections 6
are bolted together through the internally placed horizontal flanges 7, which are

welded to the top and bottom of each section 6.

Fig. 8 illustrates a part of a cross-section of an embodiment of a tower ring 14 joint

according to the invention.

If a wind turbine tower 2 comprises tower rings 14 according to the invention, at
least all or substantially all the horizontal overlap regions 35 between the tower rings
14 are connected by mechanical connection means such as screws, bolts, studs or

rivets. Since the tower rings 14 are connected in this way throughout or substantially



CA 02637404 2008-07-17

WO 2007/082531 PCT/DK2006/000027

10

15

20

25

18

throughout the length of the tower 2, there is no difference between a tower section 6

joint and a tower ring 14 joint in a wind turbine tower 2 according to the invention.

In this embodiment a bottom section 11 of the upper tower ring 8 overlaps a top
section 12 of the lower tower ring 9. The two rings are then joined by means of bolts,
screws, studs or rivets through the four rows of bolt holes 10. In another embodiment
of the invention the overlap region 35 could comprise another number of bolts rows
such as one, two, three, five or six and in another embodiment the lower tower ring 9

could overlap the upper tower ring 8.

Fig. 9 illustrates a part of a cross-section of another embodiment of a tower ring joint
according to the invention. This is in principle the same type of tower ring joint
design as illustrated in fig. 8. The tower rings 8, 9 are usually tapered making the
tower 2 wider at the bottom than at the top. In this embodiment the bottom section 11
of the upper tower ring 8 is bended in an angle o and top section 12 of the lower
tower ring 9 is bended in an angle B, making the bottom and top section 11, 12 taper
in another angle than the middle section 31 of the tower ring 14. The two bending
angles o, B could be the same, such as 5°, but in another embodiment of the invention
the bending angle a could be slightly bigger (e.g. 2°) than the bending angle B,
making the top section 12 of the lower tower ring 9 press outwards against the

bottom section 11 of the upper tower ring 8, when the rows of bolt holes 10 are

aligned.

In this embodiment of a horizontal overlap region 35, not all the load of the tower
rings 14, nacelle 3 etc. placed above the joint, are carried by the connection means.
The inside of the bottom section 11 of the upper tower ring 8 presses down on the
outside of the top section 12 of the lower tower ring 9 hereby providing a more

optimal load distribution through the joint.



CA 02637404 2008-07-17

WO 2007/082531 PCT/DK2006/000027

10

15

20

235

19

Fig. 10 illustrates an embodiment of a tower plate 13 before it has been bended. If
the tower ring 14 is made of tower plates 13 which comprise angled bottom and top
sections 11, 12, the bottom and top sections 11, 12 could comprise bending cut-outs
32, to enable, that the plate 13 can be bended both horizontally and vertically. Fig. 10
llustrates that the tower plate 13 is provided with four vertical bending cut-outs 32

before the bottom and top sections 11, 12 are bended along the horizontal bend 33.

Fig. 11 illustrates the same embodiment of a tower plate 13 as illustrated in fig. 10
after it has been bended. Because of the bending cut-outs 32 the plate 13 can be
provided with vertical bends 16 after the bottom and top sections 11, 12 has been
bended without deforming the bottom and top sections 11, 12.

Fig. 11 turther illustrates that the plate 13 has a bottom width Wb, which are wider
than the width of the top width Wt. A tower ring 14 made of tower plates 13, which
are wider at the bottom than at the top, will also be wider at the bottom than at the
top, provided that the vertical joints 15 are of constant width Wj, which they are in a

tower according to the invention. Hereby the tower rings 14 taper.

The tower plates 13 can be made of a length Lp, which makes them easy to transport,

e.g. 1n standard ISO 40 feet containers.

Fig. 12 illustrates a cross-section of a wind turbine tower 2 according to the
invention, comprising an embodiment of an elevator 22, as seen from the side. To
service the bolted joints the tower is - in this embodiment of the invention - provided
with an elevator 22. The elevator 22 comprises an elevator basket 23, which also
could be a cage, a platform or other. The elevator basket 23 is connected to lifting
equipment 24 via one or more cables 29 to make the elevator basket 23 go up and

down.
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In this embodiment of the invention the lifting equipment 24 is mounted on a
horizontal annular or substantially annular rail 25 at or in close proximity of the top
of the tower 2. In this embodiment the annular rail 25 is mounted on a vibration
damper 26 at the top of the tower 2 but in another embodiment the rail 25 could be
otherwise attached directly or indirectly to the tower 2, to the nacelle 3, to the yaw
mechanism (not shown) or other. The annular rail 25 enables, that the elevator
baskets 23 starting point at the top of the tower 2, can be moved, hereby allowing the

basket 23 to be lifted and lowered along the entire inside of the tower 2.

In this embodiment the tower 2 is tapered, giving a circle going through all the bends
16 at the top of the tower 2 a diameter of approximately 2.5 meters and 4.3 meters at
the bottom of the tower 2. Since the elevator 22 is mainly for tightening up the bolted
joints during the assembly of the tower and throughout the towers life, it is essential
that these joins can be reached all the way down the inside of the tower 2. In this
embodiment the tower 2 is therefore provided with a number of vertical or
substantially vertical guides 27, which in this case are vertical rail 27 connected to
the inside of the tower 2. If e.g. 60° of the 360° tower rings 14 can be reached from a
given horizontal position, the tower 2 could e.g. be provided with six vertical rails 27
or six pairs or parallel vertical rails 27. To avoid welding them to the tower 2, the
rails 27 could be connected to the tower by use of bolts, screws, rivets or as

1llustrated by use of magnets 28.

When the basket 23 is in its top position, it can be moved freely horizontally on the
annular rail 25. The basket 23 is then connected to a vertical rail 27 or rail pair by
guiding means 30, and when the basket 23 is lowered it will maintain a constant
distance to the inside of the tower rings 14, even though the horizontal cross section

of the tower rings 14 increases downwards.

In another embodiment of the invention the vertical or substantially vertical guides

27 could be very tight cables connected at the top and the bottom of the tower 2 or
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other means suitable for maintaining the elevator basket 23 in a constant or

substantially constant horizontal distance from the inside surface of the tower 2.

Fig. 13 1illustrates a cross-section of a wind turbine tower according to the invention,

5 comprising an embodiment of an elevator, as seen from the bottom. In this
embodiment of the invention the tower is provided with six vertical rails 27
substantially extending from the bottom to the top of the tower 2. The horizontal
annular rail 25 is closed, making it describe a full 360° circle, but in another
embodiment of the invention the annular rail 25 could be less than a full circle such

10 as between 250° and 330° of a full circle, e.g. making room for a ladder (not shown)

to pass, which could extend substantially throughout the entire vertical length of the

tower 2.

The invention has been exemplified above with reference to specific examples
15 of overlapping tower rings 14, tower plates 13 and internal elevators 22 for use in a
wind turbine1. However, it should be understood that the scope of the claims is not

limited to the particular examples described above but should be given the broadest
interpretation consistent with the description as a whole.
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Claims

1. A wind turbine comprising:

a wind turbine tower comprising at least two annular tower rings placed vertically on top

of each other,

whereln a first tower ring of said at least two tower rings overlaps at least a further tower
ring of said at least two tower rings, wherein said at least two tower rings each comprise
at least two tower plates and wherein said at least two tower plates each comprise a first
substantially vertical side section and a second substantially vertical side section;
wherein said first side section overlaps a second side section of a horizontally juxtaposed
tower plate, said at least two tower plates are connected through said overlap by means
of bolts, and wherein said at least two tower rings overlaps downwards, making an upper
tower ring overlap a lower tower ring placed immediately beneath said upper tower ring
and so on, said at least two tower rings are connected through said substantially

horizontal overlap region by means of mechanical connection means.

2. A wind turbine according to claim 1, wherein said at least two tower rings overlap in
a substantially horizontal overlap region consisting of a bottom section of a tower ring

and a top section of another tower ring.

3. A wind turbine according to claim 2, wherein said substantially horizontal overlap

region extends in said tower rings longitudinal direction.

4. A wind turbine according to claim 2 or 3, wherein said bottom section or said top
section are angled in an angle o, B, respectively, in relation to a middle section of said

tower rings.
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5. A wind turbine according to claim 4, wherein said bottom section and said top section
are angled in an angle a, B, respectively, in relation to a middle section of said tower

rings.

6. A wind turbine according to claim 4 or 5, wherein said angles a, [ are between 0.5°

and 135.

7. A wind turbine according to claim 6, wherein said angles a, 3 are between 1° and 10°.

8. A wind turbine according to claim 7, wherein said angles o, B are between 2° and 7°.

9. A wind turbine according to claim 1, wherein said at least two tower rings are

connected by bolts.

10. A wind turbine according to any one of claims 1-9, wherein said at least two tower

rings are of substantially constant height.

11. A wind turbine according to any one of claims 1-10, wherein said at least two tower

rings are made of steel.

12. A wind turbine according to any one of claims 1-11, wherein said at least two tower

rings comprise between 1 and 50 horizontally juxtaposed tower plates.

13. A wind turbine according to claim 12, wherein said at least two tower rings comprise

between 3 and 30 horizontally juxtaposed tower plates.
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14. A wind turbine according to claim 13, wherein said at least two tower rings comprise

between 5 and 11 horizontally juxtaposed tower plates.

15. A wind turbine according to claim 14, wherein said at least two tower rings comprise

eight horizontally juxtaposed tower plates.

16. A wind turbine according to any one of claims 1-15, wherein said at least two tower

plates comprise between 1 and 5 substantially vertical bends.

17. A wind turbine according to claim 16, wherein said at least two tower plates

comprise 2 or 3 substantially vertical bends.

18. A wind turbine according to any one of claims 1-17, wherein said at least two tower

plates has a bottom width (Wb) which are wider than the width of the top width (Wt).

19. A wind turbine according to any one of claims 1-18, wherein said tower plates 1n a

tower ring are substantially identical in shape.

20. A wind turbine according to any one of claims 1-19, wherein said at least two tower

plates comprise a cut-out in at least one corner.

21. A wind turbine according to any one of claims 1-20, wherein said at least two tower

plates has a longitudinal extent (Lp) of between 1 and 50 m.

22. A wind turbine according to claim 21, wherein said at least two tower plates has a

longitudinal extent (Lp) of between 3 and 30 m.
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23. A wind turbine according to any one of claims 1-22, wherein said at least two tower

plates has a longitudinal extent (Lp) of between 7 and 15 m.

24. A wind turbine according to any one of claims 1-23, wherein said at least two tower

rings are tapered.

25. A wind turbine according to any one of claims 1-24, wherein said at least two tower

rings are polygonal shaped.

26. A method for assembling a wind turbine tower of a wind turbine, said method

comprising the steps of:

establishing at least two tower rings, each comprising at least two tower plates and
wherein said at least two tower plates comprise a first substantially vertical side section
and a second substantially vertical side section, where said first side section overlaps a
second side section of a horizontally juxtaposed tower plate and wherein said at least

two tower plates are connected through said overlap by means of bolts;

mounting a first tower ring of said at least two tower rings on at least a turther tower
ring of said at least two tower rings, wherein said first tower ring overlaps said further

tower ring; and

connecting said first tower ring and said further tower ring through their overlap by use

of mechanical connection means.

27. A method according to claim 26, wherein said at least two tower rings overlap in a
substantially horizontal overlap region consisting of a bottom section of a tower ring and

a top section of another tower ring.
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28. A method according to claim 26 or 27, wherein said connection means are bolts.

29. A method according to any one of claims 26 to 28, wherein said connection means
are tightened up by use of an elevator which comprises means for enabling both

vertically and horizontally movement of said elevator.

30. A method according to claim 29, wherein an elevator basket of said elevator

maintains a substantially constant distance to the inside surface of said tower rings.

31. A method according to any one of claims 26 to 30, wherein said assembling 1s done
at or in close proximity of the mounting site where said wind turbine tower 1s to be

erected.
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