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lated to the faster and easier production, transportation and assembly processes of wind
turbine towers with a height of more than 100 meters, which become difficult due to
the tower diameter and material thickness increasing towards the base as the height in-
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Modular wind tower
Technical area
The present invention relates to a modular tower with an upwardly tapering conical structure,
preferably for a wind turbine, consisting of modules of polygonal cross-section attached one
above the other.
Known State of the Technique
Various types of towers are used in wind turbines. These are lattice towers, cylindrical-
conical steel towers, concrete towers and hybrid (lower section reinforced concrete, upper
section cylindrical conical steel) and modular towers.
Lattice type towers are not preferred because of their appearance. There are also technical
difficulties in making it longer than 70-80 meters.
In the last 10-15 years, cylindrical conical steel towers have been used the most. These
towers are produced in the factories with a length of 20-30 meters by shaping steel plates in
roller machines and welding to each other. It is transported to the assembly site with long
and wide vehicles and final assembly is made. There are some restrictive situations such as
the maximum diameter of 4.3 m for this type of towers to be transported on highways, and
transport trucks must be allowed to go to traffic with special permits.
In addition, the costs of the roads to be opened in the area where the wind power plant will
be established must be made according to these vehicles, and it is necessary to use more
space to open a road. The maximum base diameter of 4.3 m limits the natural frequency and
strength capacity of the tower as well as the height of the tower to 85-90 meters.
In recent years, hybrid towers made of concrete and steel have also been used. The cost of
reinforced concrete parts of this type of towers is somewhat cheaper than steel. However,
longer manufacturing and assembly times and higher transportation costs seem to be
disadvantages.
In the patent document numbered WO 2004083633, a solution is known in which the
segments of a tower element are manufactured in three longitudinal parts at the factory and
assembled after being transported to the assembly site. Wind turbine towers are constantly
exposed to vibration due to wind and working loads. It is known that weld joints are subjected
to fatigue loads that cause failure over time.
In patent document No. W0O2005075763, NPI flanges were used along the tower, with the
parts arranged laterally with an offset corresponding to 50% to 75% of the length of the
section. Here, too, there are difficulties in mounting.
In the document no. DK 2545231, it is mentioned to combine the flanges of the overlapping
segments of different lengths. In this method, most of the loads on the tower are transmitted
to the foundation through only the flange sections.
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In EP 1 561 883 A1 a tower for a wind turbine is described. The tower elements forming the
segments of the module are characterized by a rectangular structure with flanges. Also,
circular flanges were used throughout the tower.
Document US 2009/0021019 A1 discloses a modular tower that is transformed into modules
by combining flat plate segments with V-section pieces. There are difficulties in using multi-
walled steel and composite materials in the mentioned structure.
In the patent documents numbered US 008590276 B2 and US 20100319276, modular tower
construction for wind power plant is mentioned. Around the tower element are flanges facing
inward at the longitudinal sides for mounting on the respective flanges. While the modules
are assembled to each other, these parts are made in two axes (x and z) with an overlap on
the outer surface at the transverse joints and a butt joint at the inward facing flanges. In the
document mentioned, flange lengths are shorter than the tower element and there are
overlapping sections in the assembly of the modules to each other. Most of the tower loads
are transmitted to the foundation only along the flange sections in the module connection
areas, not through the entire module section. This situation appears to be a disadvantage.
Multi-wall steel or steel-composite material variations can be used to build taller towers
according to the invention. It is an advantage that the tower elements are the same in length
in order to transmit the loads on the tower to the foundation equally in all sections throughout
the tower. It is technically more advantageous to assemble the modules to each other in
three axes.
According to the invention, the bottom section of the upper module and the outer
circumference of the ceiling section of the lower module are equal. The lengths of the tower
elements that make up the modules are also equal. Module connection parts, thanks to their
different structures, allow the modules to be joined to each other in three axes. Thus,
different from the documents mentioned above;

Single or multi-skin tower elements can be made,

Some of the tower elements can be made of composite material,

Single or multi-walled modules with different structures can be made using the same

or similar tower elements,

Optimization can be achieved in tower design by using the same or different modules,

Loads affecting the tower are transmitted to the foundation continuously through all

tower elements.

Thanks to the structure of the module fasteners, the modules can be rigidly and

securely attached to each other in three axes,
The purpose of the invention
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The aim of the invention is to provide a solution to make the production, transportation and
assembly processes easier due to the tower diameter and material thickness increasing
towards the base as the height increases in wind turbine towers with high height.

The invention preferably relates to a wind turbine tower, which is constructed by
superimposing modules of conical structure, narrowing from bottom to top, whose outer
section is equilateral polygonal.

According to the invention, the number of sides of the rhombus forming the outer appearance
of the cross section can be 6, 8, 10, 16 or more in order to make the production and
transportation processes easier according to the height and diameter of the tower.

As the tower height increases, the base diameter increases to maintain the balance of the
tower. It can be made in two, three or more pieces instead of one piece to be able to
transport the tower elements that make up the tower modules with a large base diameter
with standard trucks.

In high towers, the thickness of the material increases in the lower sections close to the
foundation, reaching the thickest value in the connection area to the foundation. The length
of the tower elements forming the perimeter of the module is 12-13 meters, making it difficult
to bend the tower elements as the material thickness increases. This situation requires the
machines used in production and the transportation equipment in the factory to be of higher
capacity and volume and higher power, the movements of the material in the production
stages slow down, causing the investment costs to increase, more energy to be used and the
production time to be prolonged.

According to the invention, tower elements in the lower modules of the tower with a high
material thickness can be made with multiple (two or more) walls instead of single-walled
steel. These walls can be made of steel material. Some of the tower elements forming the
inner or outer walls can be made of composite material to reduce tower weight.

According to the invention, ten different types of tower elements are described. Ten different
structures of tower modules have been described using one or more of these tower
elements. Towers can be designed to provide the optimum solution by using one or more of
these modules.

According to the invention, the bottom section of the upper module and the outer
circumference of the ceiling section of the lower module are equal. The lengths of the tower
elements that make up the modules are also equal. The modules are assembled to each
other in vertical and horizontal axes. Six different types of tower connection elements have
been described for the assembly. Flanges in the tower segments on the vertical axis of the
tower are made with | or L section steel pieces, and on the horizontal axis, module fittings
mounted on the lower and upper edges of the tower elements. With this method, both ease
of assembly and a much stronger structure compared to welded joints are provided.
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According to the invention, nearly all of the tower members are connected by bolt-nut or rivet
connections. Only basic connection module and some module connectors have welding
process. In this way, it is ensured that the dangers that fatigue loads will cause in the source
regions are minimized.

After the tower elements produced in the factory are transported to the place where the wind
power plant will be built, firstly the tower elements are added to each other on the ground
and the modules are assembled. Then the modules are added on top of each other and the
tower is assembled.

According to the invention, the module connection elements allow the modules to be
connected to each other in three axes thanks to their different structures.

Modules with a high material thickness at the bottom can be made shorter instead of 12
meters in order to facilitate manufacturing and assembly processes.

The steel basket foundation connection with the tower embedded in the concrete foundation
is made with the foundation module. This module, whose height is around one meter, is fixed
to the base upper flange of the parts produced in accordance with the profile of the tower
section by welding, and then the base lower flanges and the foundation are mounted with
nuts and bolts.

According to the invention, it is possible to use methods such as galvanized coating,
cataphoresis coating, painting, etc., of all tower elements. In this way, it is an advantage that
the surface corrosion resistance can be increased.

A flange can be attached to the upper part of the top segment for nacelle mounting. The
connection of the flange to the tower elements forming the segment can be made with steel
parts and bolts-nuts or rivets.

Explanation of the figures

In order to achieve the aim of the invention, the figures showing the parts of the modular
wind turbine tower to be produced are briefly explained below.

Figure 1: Shows the perspective view of the modular wind turbine tower

Figure 2: Shows the single skin tower element

Figure 3: Shows the outer skin of the multi-skin tower element.

Figure 4: Shows the single-walled U-shaped tower element.

Figure 5: Shows the outer skin of the multi-skin U-shaped tower element

Figure 6: Inner wall middle part shows the tower element

Figure 7: Inner wall middle part shows the tower element

Figure 8: The inner wall L piece shows the tower element

Figure 9: Shows the inner wall tower element.

Figure 10: Shows the module fittings

Figure 12: Shows a tower module with segments of one piece and one wall
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Figure 13: Shows a tower module with segments with multiple parts and one wall
Figure 14: Shows a tower module with segments of one piece and multiple walls
Figure 14-1: Shows a tower module with segments in one piece and multiple walls
Figure 15: Shows a tower module with segments of one piece and multiple walls
Figure 15-1: Shows a tower module with segments of one piece and multiple walls
Figure 16: Shows a tower module with segments with multiple parts and multiple walls
Figure 16-1: Shows a tower module with segments with multiple parts and multiple walls
Figure 17: Shows a tower module with segments with multiple parts and multiple walls
Figure 17-1: Shows a tower module with segments with multiple parts and multiple walls
Figure 18: Shows the mounting method (MM-01) of modules with the same material
thicknesses and cross sections.

Figure 19-1: Shows the mounting method (MM-02) of modules with different material
thicknesses and the same cross sections.

Figure 19-2: Shows the mounting method (MM-03) of modules with the same material
thicknesses and different cross sections

Figure 20: Shows the mounting method (MM-04) of modules with different material
thicknesses and sections.

Figure 20-1: Shows an alternative mounting method (MM-05) for modules with different
material thicknesses

Figure 21: Shows the basic connectivity module

Figure 22: Shows the top flange

Figure 23: Shows the door and doorway and reinforcement plate

Figure 24: Base connection module shows reinforcement plate

Figure 25: Shows the tower models made using different modules.

Figure 26: Shows a sample tower view at 145 m height.

Explanation of references in figures

: Tower general view

: Basic connection module

: Gate

: Door reinforcement piece

: Sub module (Multi-wall module)

: Medium module (Multi-wall module)

: Upper module (Single wall module)
9: Top flange

10: Tower-Flange fasteners

11: A single-skinned tower element
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34:
35:
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38:
39:
40:
41:
42:
43:
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45:
46:
47:
48:
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Bending line

Bending angle
Flange

Flange bending angle
Bolt hole

Bolt hole

Bolt hole

Bolt hole

Bolt hole

Bolt hole

Outer skin of the multi-skin tower element

Bolt hole

Single wall U shaped tower element

Flange
Flange bending angle
Middle axis

Outer skin of a multi-skin U-shaped tower element

Inner wall middle part
Bend line

Bending angle
Wingspan

Inner wall middle part
Wingspan

Wing width detalil

Bolt

Inner wall middle part
Inner wall middle part
Inner liner L piece
Flange

Flange bending angle

Inner wall (in sheet form)

Inner skin section

PCT/TR2020/050987
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49:

50: Module lower edge fitting

51: Bend line

52: Flange

53: Bolt hole

54: Welding seam

55: Reinforcement piece

56:

57: Single skin module

58: Module top edge fitting

59: Flange

60: Welding seam

61: Reinforcement piece

62: Bolt

63: upper module

64: Sub module

65:

66:

67: Inner wall of the lower module

68: Sealing gasket

69: inner wall of the upper module

70: Reinforcement plate

71: inner wall of the upper module

72: Inner wall of the lower module

73: Reinforcement plate

74: Reinforcement plate

75: Module connection L piece

76: Flange bending angle

77: Flange

78: One-piece and single-walled segment section
79: Single skin module section

80: Multi-part and single wall segment section
81: Multi-wall module section

82: One-piece and multi-wall segment section
82A: One-piece and multi-wall segment section
83: Multi-wall module section

84: Multi-wall module

PCT/TR2020/050987
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84A: Multi wall module

85: Multi-wall module section

86: Multi-part and multi-wall segment section

86A: Multi-part and multi-wall segment

87: Wing width detalil

88: Multi-wall module

88A: Multi wall module

89: Multi-wall module section

90: Multi-part and multi-wall segment section

90A: Multi-part and multi-wall segment

91: Multi-wall module

91A: Multi wall module

92: Multi-wall module section

93: Multi-part and multi-wall segment section

93A: Multi-part and multi-wall segment

94: Multi-wall module

94A: Multi wall module

95: Basic module element

96: Base module connection plate

97: Welding seam

98: Bolt hole

99: Basic module element

100: One-piece and walled basic connection module
101: One-piece and walled basic connection segment
102: Multi-part and single-skin basic connection module
103: Multi-part and single-wall basic connection segment
104: Multi-part and multi-wall basic connection module
105: Multi-part and multi-wall basic connection segment
106: peak module

108: Bolt hole

109: Bolt hole

111: Lowest module

112: Module segment

113: Bolt hole

114: Basic segment tower element

115: Reinforcement plate

116: Bolt hole

PCT/TR2020/050987
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117: Welding seam

Description of the invention

(001) The general view of the tower (1) is shown in Figure 1. The tower (1) is fixed to the
ground (concrete foundation) with the foundation module (2). Lower module (5), middle
module (6) and upper module (8) are assembled on the base module (2), respectively. The
lower module has an entrance door (3) and reinforcement plates (4). The features of the
lower, middle and upper modules (5, 6 and 8) will be explained in detail below. The lengths
of the modules (5, 6 and 8) can be between 1 meter and 13 meters or more. The upper
diameter and cross section of the foundation module (2) and the lower diameter and cross
section of the lower module (5) are equal. Likewise, the ceiling diameter and cross-section of
the lower module (5) and the base diameter and cross section of the middle module (6) are
equal. This situation is the same for all overlapping modules. In the ceiling part of the upper
module (8), there is a top flange (9) for nacelle mounting. The top flange (9) is mounted to
the upper module with flange fasteners (10) made of steel material.

(002) Following (005, 006, 007, 008, 009, sections 009A, 010, 010A, 011 and 012) describe
the characteristics of ten different tower elements (11,22,25,29,30,34,38,39,40 and 45) to be
used in the module sections that make up the tower. The drawings of these tower elements
are shown in Figure 2,3,4,5,6,7,8 and 9. Modules can be built using one or more of these
tower elements, in order to optimize tower design.

(002A) In the following sections (013, 014, 015, 016, 016A, 016B and 016C), the features of
the assembly elements (50, 58, 70, 73, 74 and 75) to be used in the assembly of the
modules to each other are explained. The drawings of these mounting elements are shown
in Figure 10.

(002B) The details of the modules that make up the tower are explained in the sections (018,
019, 020, 021, 022 and 023) below and in the A, B, C, D clauses. Drawings of these modules
are shown in Figure 12, 13, 14, 14-1, 15, 15-1, 16, 16-1, 17 and 17-1.

(002C) In the following sections (024, 025, 25A, 26 and 026A), the methods of assembling
modules together (MM-01, MM-02, MM-03, MM-04, MMO-5) are explained, and the drawings
in Figures 18, 19-1, 19-2, 20 and 20-1 are shown.

(002D) The basic connection module is explained in the following sections (027, 028, 029
and 030), and the drawings are shown in Figure 21.

(002E) The top flange is explained in the section (031) below, and its drawings are shown in
Figure 22.

(002F) The entrance door and reinforcement plate are explained in the following sections
(032 and 033), and their drawings are shown in Figures 23 and 24.
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(002G) In the following section (034), different module selections and tower construction
methods are explained for tower optimization, and their drawings are shown in Figure 25. An
example tower view with a height of 145 meters is shown in Figure 26.

(005) Figure 2 shows the section and perspective views of a single-walled tower element
(11). The cross section of the tower element (11) is shown in Figure 2A. In Figures 2A, B,
and C, there is a bending line (12) in the longitudinal direction of the part with the angle (13)
depending on the number of sides of the equilateral polygon forming the module section, in
the middle of the tower element. There are flanges (14) bent at 90 degrees angle (15) on
both sides of the section, and bolt holes (16) on the flanges to be combined with other tower
elements to form the module. There are bolt holes (17 and 18) for mounting the modules to
be placed on top of each other and bolt holes (19 and 20) for mounting the module
connection parts to each other in the lower and upper parts of the tower element. There may
be other holes on the flange for mounting other accessories (ladder, platform, cable carriers,
lighting fixtures, etc.) as required. The flanges are symmetrical with respect to the bending
line (12) in the middle of the tower element (11). The material of this tower element 11 can
be steel or composite material. The length of the tower element can be between 1 meter and
13 meters.

(006) Figure 3 shows the cross-sectional and perspective views of the outer wall (22) of a
one-piece and multi-walled tower element. This tower element (22) has the same structure
as the tower element (11) described above in section (005), with the difference that it has
bolt holes (21 and 23) for mounting the inner wall. The material of this tower member 22 can
be steel or composite material.

(007) Figure 4 shows the section and perspective views of a single-walled U-shaped tower
element (25). The part is in U form. There are flanges (26) bent at 901 angle (15) on both
sides, bolt holes (16) on the flanges to be combined with other tower elements to form the
module, and bolt holes (17 and 18) for mounting the modules to each other. The bolt holes in
the flanges correspond exactly with the bolt holes in the flanges of the parts (11 and 22)
described in sections (005 and 006) above. The flanges are symmetrical with respect to the
axis 28 in the middle of the part. The material of this part 25 can be steel or composite
material.

(008) Figure 5 shows the cross-sectional and perspective views of the outer wall (29) of a
multi-walled U-shaped tower element. This part has the same structure as the part described
in the section numbered (007) above, with the difference that it has bolt holes (23) for
mounting the inner wall. The material of this part 29 can be steel or composite material.
(009) Perspective views of a tower element (30) to be used as the inner wall middle part in a
multi-walled section are shown in Figure 6B and 6C, and its V-shaped section is shown in
Figure 6A. In the middle of the part (30) there is a bending line (31) bent in the longitudinal

10
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direction and the bending angle (32) is the same as the bending angle (13) of the segment
(11) in Figure 2A described above in section (005). In this way, the inner wall middle part fits
perfectly into the outer wall. The width 33 of the part 30 may be up to the beginning of the
radius of the flange on the outer wall to which it will be fixed. There are bolt holes (21 and 23)
for fixing the inner wall middle part (30) to the outer wall, and bolt holes (18, 19 and 20) for
mounting the modules to each other. These holes (18, 19, 20, 21 and 23) are the same as
the holes (18, 19, 20, 21 and 23) on a multi-walled tower element (22) described above in
section (006) and exactly meet each other. The length (A) of the part (30) is the same as the
length of the outer wall to which it will be installed. This part 30 can be single or multi-walled.
The material of this part 30 can be steel or composite material.

(009A) In Figures 6D and 6E, cross-sectional and perspective views of an alternative tower
element (38) to be used as the inner wall middle part in a multi-walled section are shown.
The difference of this part (38) from the tower element (30) in the section numbered (009)
above is that it does not have bolt holes (18, 19 and 20) and its length (B) is compared to the
length (A) of the tower element (30) in the section (009) above. )} is shorter. This part 38 can
be single or multi-walled. The material of this part 38 can be steel or composite material.
(010) In Figure 7B and C, the cross-section and perspective views of a tower element (34) to
be used as the inner wall middle part, and the section of the inner wall middle part (34)
whose section is V-shaped in Figure 7A. This part (34) has the same structure as the part
(30) described above in the section (009), the difference is that its width (35) is narrower and
that there are no bolt holes (23) on the sides. The length (C) of the part (34) is the same as
the length of the outer wall to which it will be installed. This piece can be single or multi-
walled. The material of this part 34 can be steel or composite material.

(010A) Figure 7D and E show the cross-sectional and perspective views of a tower element
(39) to be used as the inner wall middle part. The difference of this part (39) from the tower
element (34) in the section (010) above is that it does not have bolt holes (18, 19 and 20)
and its length (D) is compared to the length (C) of the part (34) in the section numbered (010)
above. it is shorter. This part 39 can be single or multi-walled. The material of this part 38
can be steel or composite material.

(011) Figure 8 shows the section and perspective views of the inner wall L piece (40) to be
used in a multi-walled section. Part 40 is L-shaped. It has a bent flange (41) at a 90 degree
angle (42). On the flanges (41) there are bolt holes (16) for mounting with other segments
and bolt holes (17) for mounting the modules to each other, on the other side of the L part
there are bolt holes (23) for mounting to the outer wall and bolt holes (18) for mounting the
modules to each other. This part 40 can be used as an inner wall in the tower members
described in sections (005, 006, 007 and 008) above. This part (40) is used as two parts

11
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produced symmetrically to each other in each tower element. This piece can be single or
multi-walled. The material of this part (40) can be steel or composite material.

(012) In Figure 9, there is a flat plate-shaped part (45) designed to be used as an alternative
interior wall in the multi-wall tower elements described above in sections (007 and 008). The
section of the piece (46) is in the form of a rectangle as seen in Figure 9A. There are bolt
holes (23) for mounting on the outer wall and bolt holes (18) for mounting the modules to
each other on the part (45). This piece can be single or multi-walled. The material of this part
45 can be steel or composite material.

(013) In order to assemble the modules to each other, six different types of module
connection elements are used. The properties of these elements are described below in
sections (014), (015), (016), (16A), (16B) and (16C).

(014) Figure 10A has a perspective view of the module lower edge connection piece (50).
There is a bend line (51) in the middle of the part. The bending angle (13) is the same as the
angle (13) of the bend line (12) in the tower element (11) described in the section numbered
(005) above and seen in Figure 2A. In this way, the inner surface of the tower element and
the outer surface of the lower edge connecting piece fit together perfectly. The bolt holes (20)
on these surfaces fully meet the bolt holes (20) in the tower element (11). At the lower part of
the part (50) there is a flange (52) bent at an angle of 90 degrees. The holes (53) on the
flange correspond exactly to each other with the holes (53) on the flange (59) of the module
upper edge connection (58) in the lower module shown in Figure 10B. There are
reinforcement plates (55) fixed by welding (54) on both sides and in the middle of the lower
edge connection piece (50). They provide mounting in x and y axes.

(015) Figure 10B has a perspective view of the module upper edge connection piece (58).
There is a bend line (51) in the middle of the part. The bending angle is the same as the
angle (13) of the bend line (12) in the tower element (11) described in the section numbered
(005) above and seen in Figure 2A. In this way, the inner surface of the tower element and
the outer surface of the lower edge connecting piece fit together perfectly. The bolt holes (19)
on these surfaces fully meet the bolt holes (19) in the tower element (11). At the top of part
(58) there is flange (59) bent at an angle of 90 °. The holes (53) on the flange correspond
exactly to each other with the holes (53) on the flange (52) of the module lower edge
connection (50) on the upper module. There are reinforcement plates (61) fixed by welding
(60) on both sides and in the middle of the upper edge connection piece (58). They provide
mounting in x and y axes.

(016) The module connection L piece (75), which is a perspective view in Figure 10C, has a
flange (77) bent at a 90 degree angle (76). The bolt holes (17) on the flange (77) fully meet
the bolt holes (17) in the flanges of the other tower elements, and the holes (18) on the other
surface fully meet the holes (18) in the tower elements. Upper and lower modules are
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assembled from these holes with bolts. For each flange connection in the module section,
two module connection L pieces (75) are mounted using. They provide mounting in x and z
axes.

(016A) Figure 10D shows the perspective view of the reinforcement plate (70) used between
the lower edge connection piece (50) and the tower element where the connection piece (50)
will be mounted at the base of the upper module, in case the thickness of the tower elements
in the upper and lower modules is different. There is a bend line (51) in the middle part of the
part, and the bending angle (13) is the same as the angle (13) of the bend line (12) in the
tower element (11) described above in section (005) and shown in Figure 2A. In this way, the
inner surface of the tower element and the outer surface of the lower edge connecting piece
fit together perfectly. The thickness of the reinforcement plate (70) is equal to the difference
between the material thicknesses of the lower and upper modules. The bolt holes (20) of the
module lower edge connection part (50) and the bolt holes (20) on the tower element (11)
and the other bolt holes (18) on the tower element (11), the bolt holes (18) on the tower
element (11) meets exactly.

(016B) Figure 10E shows a perspective view of the reinforcement plate (73) used between
the module connection L piece (75) at the base of the upper module and the module flange
where it will be mounted, in case the thickness of the tower elements in the upper and lower
modules is different. The thickness of the reinforcement plate (73) is equal to the difference
between the material thicknesses of the lower and upper modules. It is assembled through
the bolt holes (17). They provide mounting in the z axis.

(016C) If the lower module is multi-piece and the upper module is one piece, the
reinforcement plate (74) is used. In Figure 10F, there is a perspective view of the
reinforcement plate (74). The module connection L piece (75) is used to complete the gap
between the module connection L pieces (75) in the area of the upper module without flange.
The thickness of the reinforcement plate 74 is twice the difference in material thicknesses of
the lower and upper modules. It is assembled through the bolt holes (17). They provide
mounting in the z axis.

(017) In Figures 12, 13, 14, 14-1, 15, 15-1, 16, 16-1, 17 and 17-1, there are section,
perspective and assembly pictures of ten different modules to be used in the tower. Each of
these modules is constructed using one or more of the tower elements described in sections
above (005, 006, 007, 008, 009, 009A, 010, 010A, 011, 012). The details of these modules
will be explained in sections 18, 19, 20, 21, 22 and 23 below and in sub-clauses A, B, C, D.
(018) In Figure 12, there are cross-sectional and perspective views of the module (57) whose
cross section is an eight-sided polygon and each segment (78) is one piece and single-
walled. In each segment (79) of this module, the tower element (11) described above in
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section (005) is used. There is the section of the module (79) in Figure 12A and the section
of the segment (78) in Figure 12B.

(018A) The lower and upper module connection parts (50 and 58), which are explained in
detail in sections (014) and (015) above, are mounted on the segment (78) whose production
has been completed. Mounting details are shown in Figure 12D. In the bolt holes (19) on the
upper part of the tower element (78) forming the segment shown in Figure 2, the module
upper edge connection part (58) is mounted to each other with bolts through the bolt holes
(19). The numbers of the bolt holes (19) on both parts are the same and all the holes
correspond exactly to each other. In the bolt holes (20) at the bottom of the segment, the
module lower edge connection piece (50) is mounted to each other with bolts through the
bolt holes (20). The numbers of the bolt holes (20) on both parts are the same and all the
holes correspond exactly to each other. Finally, other accessories (stairs, platforms, cable
carriers, lighting fixtures, elevator elements, etc.) are assembled and the segments (78) are
shipped to the area where the wind power plant will be installed.

(018B) The segments coming to the switchboard area (78) are mounted to each other with
bolts (56) through the holes (16) in the flanges as shown in Figure 12A, C, D and E, and the
single-walled module (57) is assembled. Liquid or solid sealing materials may be used
between segment flanges 68 to seal. (Figure 12C)

(018C) The assembly of the modules to each other is shown in Figure 12F, G and H, cut
lengthwise from the middle axis. In Figure 12F, the upper module (63) to be mounted on the
lower module (64) is overlapped in such a way that its axes coincide exactly. The bottom
section of the upper module (63) and the ceiling section of the lower module (64) are exactly
equal to each other and they fit (overlap) on the butt. Thanks to this feature, it is ensured that
the loads on the tower are distributed to the foundation by being distributed evenly and
homogeneously throughout the cross section. As shown in Figure 12G, the bolt holes (53) on
the flange of the bottom module connection parts (50) in the upper module (63) when
modules (63 and 64) are placed on top of each other exactly meet the bolt holes (53) on the
flange of the upper module connection parts (58) in the lower module (64). The modules are
mounted together with bolts through these holes (53). This process is the assembly step of
the modules on the horizontal axis. Then, as shown in Figure 12H, the module connection L
pieces (75) are fixed with bolts through the holes (17 and 18) in the flanges on the modules,
one on the right and left of each flange, and the assembly of the modules is completed. Here,
2 module connection L pieces (75) are used, 1 on the right and left sides for each segment.
This process is the assembly step of the modules on the vertical axis. With this mounting
method, a rigid and safe connection is provided thanks to the module fasteners used in both

horizontal and vertical axis in the connection areas of the modules.

14



10

15

20

25

30

35

WO 2022/086461 PCT/TR2020/050987

(019) In Figure 13, there are cross-section and perspective views of the module (65) whose
cross section is an eight-sided polygon and each segment (80) is multi-part and single-
walled. The segments (80) of this module consist of one outer wall middle part (11) and two
U-shaped side parts (25). The section of the module (81) is shown in Figure 13A, and the
section of the segment (80) is shown in Figure 13B.

(019A) For the assembly of the segment, the U-shaped side parts (25) are fixed on both
sides of the tower element (11) with bolts (62) through the holes (16) in their flanges (Figure
13B). Next, the lower and upper module fittings (50 and 58) are assembled as shown in
Figure 13D. The assembly details of these parts are the same as the method described in
section (018A) above. Finally, other accessories (stairs, platforms, cable carriers, lighting
fixtures, elevator elements, etc.) are assembled and the segments (80) are shipped to the
area where the wind farm will be installed.

(019B) The segments coming to the switchboard area (80) are mounted to each other with
bolts (56) through the holes (16) in the flanges as shown in Figure 13C, D and E, and the
single-walled module (65) is assembled. Liquid or solid sealants can be used between the
flanges (68) of the segments to seal. (Figure 13C)

(019C) The assembly of the modules to each other is shown in Figures 13F, G and H, cut
longitudinally from the middle axis. The mounting method is exactly the same as described in
section (018C) above. Six module connection L pieces (75) are used, with the only difference
being three on the right and left sides for each segment. With this mounting method, a rigid
and safe connection is provided thanks to the module fasteners used in both horizontal and
vertical axis in the connection areas of the modules.

(020) In Figure 14, there are cross-sectional and perspective views of the module (84) whose
cross section is an eight-sided polygon and each segment (82) is one piece and multi-walled.
The segments (82) of this module (84) consist of outer wall (22) and inner wall (30). The
section of the module (83) is shown in Figure 14A and the section of the segment (82) in
Figure 14B.

(020A) The inner wall (30) is fixed to the outer wall (22) with bolts (37) through the holes (21
and 23) on both parts that meet each other exactly. (Figure 14B, C). Here, the width (33) of
the inner wall (30) can be up to the radius beginning of the flange on the outer wall (22) to
which it will be fixed, as seen in the detail (36) in Figure 14C. Next, the lower and upper
module fittings (50 and 58) are assembled as shown in Figure 14D. The assembly details of
these parts are the same as the method described in section (018A) above. Finally, other
accessories (stairs, platforms, cable carriers, lighting fixtures, elevator elements, etc.) are
assembled and the segments (82) are shipped to the area where the wind farm will be
installed.
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(020B) The segments (84) coming to the plant area are assembled to each other with bolts
(56) through the holes (16) in the flanges as shown in Figure 14C, D and E, and the multi-
walled module (84) is assembled. Liquid or solid sealing materials may be used between the
flanges 36 of the segments to seal. (Figure 14C)

(020C) The assembly of the modules to each other is shown in Figure 14F, G and H, cut
longitudinally from the middle axis. In Figure 14F, the upper module (63), which will be
mounted on the lower module (64), is placed on top of each other so that the axes are fully
met. The bottom section of the upper module (63) and the ceiling section of the lower module
(64) are exactly equal to each other. Thanks to this feature, it is ensured that the loads on the
tower are distributed to the foundation by being distributed evenly and homogeneously along
the cross-section in the vertical axis direction. As seen in Figure 14G, when the modules (63
and 64) are placed on top of each other, the bolt holes (53) in the module lower side
connection part on the upper module (63), the bolt holes (53) of the module upper side
connection part (58) in the lower module (64) meets exactly. The modules are mounted
together with bolts through these holes (53). This process is the assembly step of the
modules on the horizontal axis. Then, as shown in Figure 14H, the module connection L
parts (75) are fixed with bolts through the holes (17 and 18) in the flanges on the modules,
one on the right and left of each flange, and the assembly of the modules is completed. Here,
two module connection L pieces (75) are used, one for each segment on the right and left.
This process is the assembly step of the modules on the vertical axis. With this mounting
method, a rigid and safe connection is provided thanks to the module fasteners used in both
horizontal and vertical axis in the connection areas of the modules.

(020D) In Figure 14-1, the only difference from the module (84) described above (020, 020A,
020B and 020C) is the perspective views of the module (84A), which is made using the tower
element (38) instead of the tower element (30) as the inner wall. The inner wall tower
element (38) is fixed to the outer wall (22) by bolts through holes (21) located above both
parts and meeting each other exactly. The perspective view of the segment (82A) is shown in
Figure 14-1A. Apart from this, everything is the same as the descriptions described above
(020, 020A, 020B and 020C).

(021) In Figure 15, there are cross-sectional and perspective views of the module (88) whose
cross section is an eight-sided polygon and each segment is one piece and multi-walled. The
segments (86) of this module are composed of outer wall (22), inner wall middle part (34)
and two inner wall L parts (40). The section of the module (85) is shown in Figure 15A in
Figure 15A, and the section of the segment (86) in Figure 15B.

(021A) The section of the segment (86) is shown in Figure 15B. The inner wall middle part
(34) is fixed to the outer wall (22) with bolts (37) through the holes (21) located on both parts
and meeting each other exactly. The inner wall L pieces (40) are also fixed to the outer wall
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(22) with bolts (37) through the holes (23) (Figure 15B, C, D) located on both parts and
meeting each other exactly. Here, the width (35) of the inner wall (34) can be up to the inner
wall L piece as seen in the detail (87) in Figure 15C. Next, the lower and upper module
fittings (50 and 58) are assembled as shown in Figure 15D. The assembly details of these
parts are the same as the method described in section (018A) above. Finally, other
accessories (stairs, platforms, cable carriers, lighting fixtures, elevator elements, etc.) are
assembled and the segments (85) are shipped to the area where the wind farm will be
installed.

(021B) The segments coming to the power plant area (86) are mounted to each other with
bolts (56) through the holes (16) in the flanges as shown in Figures 15C, D and E, and the
multi-walled module (88) is assembled. As described in section (018B) above, liquid or solid
sealants can be used between flanges of the segments to seal.

(021C) The assembly of the modules to each other is shown in Figures 15F, G and H, cut
longitudinally from the middle axis. The mounting method is exactly the same as that
described in section (020C) above. Here, two module connection L pieces (75) are used, one
for each segment on the right and left. With this mounting method, a rigid and safe
connection is provided thanks to the module fasteners used in both horizontal and vertical
axis in the connection areas of the modules.

(021D) In Figure 15-1, the only difference from the module (88) described above (021, 021A,
021B and 021C) is the perspective views of the module (88A), which is made using the tower
element (39) instead of the tower element (34) as the inner wall. The inner wall tower
element (39) is fixed to the outer wall (22) by bolts from holes (21) located above both parts
and meeting each other exactly. The perspective view of the segment (86A) is shown in
Figure 15-1A. Apart from this, everything is the same as the descriptions described above
(021, 021A, 021B and 021C).

(022) In Figure 16, there are section and perspective views of the module (91) whose cross
section is an eight-sided rhombus and each segment is multi-part and multi-walled. The
segments (90) of this module are the U-shaped outer wall (29) and the plate-shaped inner
wall (45) attached to both sides of the segment (82) (Figure 14B) described above in section
(020). The segments of this module are composed of outer wall (22), outer wall in U form
(29), inner wall middle part (30), inner wall parts in flat plate form (45).

(022A) As shown in Figure 16B, C, and D, the inner wall (30) is fixed to the outer wall (22)
with bolts (37) through the holes (21 and 23) on both parts that meet each other exactly.
Then, the flat plate-shaped inner wall parts (45) are fixed to the U-shaped outer walls (29)
with bolts (37) through the holes (23) on both parts that meet each other exactly. As shown in
Figure 16B, C and D, the U-shaped side parts (29) are fixed to the right and left sides of the
outer wall middle part (22) with bolts (62) through the holes (16) in their flanges overlapping
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each other. Finally, other accessories (stairs, platforms, cable carriers, lighting fixtures,
elevator elements, etc.) are assembled and the segments (90) are shipped to the area where
the wind farm will be installed.

(022B) The segments coming to the switchboard area (89) are mounted to each other with
bolts (56) through the holes (16) in the flanges as shown in Figure 16C, D and E, and the
multi-walled module (91) is assembled. As described in section 019B above, liquid or solid
sealants can be used between flanges 68 of the segments to seal. (Figure 13C).

(022C) The assembly of the modules to each other is shown in Figures 16F, G and H, cut
longitudinally from the middle axis. The mounting method is exactly the same as that
described in section (020C) above. Here, six module connection L pieces (75) are used for
each segment, three on the right and left. With this mounting method, a rigid and safe
connection is provided thanks to the module fasteners used in both horizontal and vertical
axis in the connection areas of the modules.

(022D) In Figure 16-1, the only difference from the module (91) described above in (022,
022A, 022B and 022C) is that the module (91A) made by using the tower element (38)
instead of the tower element (30) as the inner wall. they have perspective views. The inner
wall tower element (38) is fixed to the outer wall (22) with bolts through the holes (21) on
both parts that meet each other exactly. The perspective view of the segment (90A) is shown
in Figure 16-1A. Other than that, everything is the same as the descriptions described in
(022, 022A, 022B and 022C) above.

(023) In Figure 17, there are cross-section and perspective views of the module (94), whose
cross section is an 8-sided rhombus and each segment is multi-part and multi-walled. The
segments (93) of this module (94) are U-shaped outer walls (29) and inner walls (40)
attached to both sides of the segment (82) (Figure 15B) described above in section (021).
The segments of this module consist of outer wall (22), two U-shaped outer skin (29), inner
wall middle part (34), and four inner wall L pieces (40). The section of the module (92) is
shown in Figure 17A and the section of the segment (93) in Figure 17B.

(023A) As shown in Figure 17B, C, and D, the inner wall middle part (34) is fixed to the outer
wall (22) with bolts (37) through the holes (21) on both parts that meet each other exactly.
The inner wall L parts (40) are fixed to the outer wall (29) with bolts (37) through the holes
(23) on both parts that meet each other exactly. The lower and upper module connection
pieces (50 and 58) are mounted to the outer wall (22) as shown in Figure 17D. The assembly
details of these parts are the same as the method described in section (018A) above. The U-
shaped side parts (29) are fixed to the right and left sides of the outer wall middle part (22)
with bolts (62) through the holes (16) in the flanges that overlap each other. Finally, other
accessories (stairs, platforms, cable carriers, lighting fixtures, elevator elements, etc.) are
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assembled and the segments (93) are shipped to the area where the wind farm will be
installed.

(023B) As seen in Figure 17A, C, D and E, the segments (93) coming to the central area are
mounted to each other with bolts (56) through the holes in the flanges (16) and the multi-
walled module (94) is assembled. As described in section 019B above, liquid or solid
sealants can be used between flanges 68 of the segments to seal. (Figure 13C)

(023C) The assembly of the modules to each other is shown in Figures 17F, G and H, cut
longitudinally from the middle axis. The mounting method is exactly the same as described in
section (022C) above. Here, six module connection L pieces (75) are used for each segment,
three on the right and left. With this mounting method, a rigid and safe connection is provided
thanks to the module fasteners used in both horizontal and vertical axis in the connection
areas of the modules.

(023D) In Figure 17-1, the only difference from the modiile (94) described above (023, 023A,
023B and 023C) is the perspective views of the module (94A), which is made using the tower
element (39) instead of the tower element (34) as the inner wall. The inner wall tower
element (39) is fixed to the outer wall (22) by bolts from holes (21) located above both parts
and meeting each other exactly. The perspective view of the segment (93A) is shown in
Figure 17-1A. Apart from this, everything is the same as the descriptions described above
(023, 023A, 023B and 023C).

(024) If the upper module (63) and the lower module (64) have the same material thickness
and the same cross-section, the method of mounting the modules to each other (MM-01) is
shown in Figure 18. This method was explained in the above sections (18C, 19C, 20C, 21C,
22C and 23C) for each module of different structure. The bottom section of the upper module
(63) and the ceiling section of the lower module (64) are exactly equal to each other and they
fit exactly on the butt. As an example of the general assembly method of this type of
modules, the assembly view of the lower and upper modules, each segment of which is
single piece and single wall, is shown in Figure 18A with a longitudinal cut from the middle
axis, and the enlarged view of the assembly area is shown in Figure 18B. The assembly
method is as described in section (18C) above. With this mounting method, a rigid and safe
connection is provided thanks to the module fasteners used in both horizontal and vertical
axis in the connection areas of the modules. The section view according to the A-A axis in
Figure 18A is shown in Figure 18C.

(025) If the upper module (63) and the lower module (64) have different material thicknesses
and the cross sections are the same, the method of mounting the modules to each other
(MM-02) is shown in Figure 19-1. In this method, the outer perimeter of the bottom section of
the upper module (63) and the outer perimeter of the ceiling section of the lower module (64)
are made exactly equal to each other. Thus, when the modules (63 and 64) are placed on
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top of each other, no difference is seen when looking at the junction from the outside. The
mounting of the modules to each other is shown in Figure 19-1A as cut lengthwise from the
middle axis, and the enlarged view of the connection area is shown in Figure 19-1B. During
the assembly, a reinforcement plate (70) is placed on the lower part of the module
connection part (58) in the upper module (63) so that the bolt holes (53) in the module
connection parts (50 and 58) fully meet each other. (An alternative mounting method in which
the reinforcement plate (70) is not used will be described below in section (026A).) The
thickness of the reinforcement plate (70) is equal to the difference between the material
thicknesses of the lower and upper modules (63 and 64), and the bolt holes (20) on it fully
meet each other with the bolt holes of the module lower edge connection piece (50). The
reinforcement plate (70) is mounted in place at the factory during the assembly of the module
lower edge connector (50) to the tower element of the upper module. In joining the flanges,
an additional plate (73) is placed between each module connection L piece (75) and the
flange on the upper module, which is explained above in section (16B). Thus, the material
thickness differences between the upper and lower module are equalized. Apart from these
details, the mounting method is exactly the same as described in sections (018C, 019C,
020C, 021C, 022C and 023C) above. With this mounting method, a rigid and safe connection
is provided in the connection areas of the modules, thanks to the module connection
elements used. The section view according to the B-B axis in Figure 19-1A is shown in
Figure 19-1C.

(025A) If the upper module (63) and the lower module (64) have the same material
thicknesses and different cross-sections, the method of mounting the modules to each other
(MM-03) is shown in Figure 19-2. In this method, the outer perimeter of the bottom section of
the upper module (63) and the outer perimeter of the ceiling section of the lower module (64)
are made exactly equal to each other. Thus, when the modules (63 and 64) are placed on
top of each other, no difference is seen when looking at the junction from the outside. The
mounting of the modules to each other is shown in Figure 19-2A with a longitudinal cut from
the middle axis, and the enlarged view of the connection area is shown in Figure 19-2B. The
mounting method is exactly the same as the method described in section (24) above, except
that the additional connection piece (74) described above in section (16C) is used between
the module connection L pieces (75) in the upper module (63) where there is no flange. With
this mounting method, a rigid and safe connection is provided in the connection areas of the
modules, thanks to the module connection elements used. The section view according to the
C-C axis in Figure 19-2A is shown in Figure 19-2C.

(026) In case the upper module (63) and lower module (64) have different material
thicknesses and different cross-sections, the method of mounting the modules to each other
(MM-04) is shown in Figure 20. In this method, the outer perimeter of the bottom section of
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the upper module (63) and the outer perimeter of the ceiling section of the lower module (64)
are made exactly equal to each other. Thus, when the modules 63 and 64 are placed on top
of each other, no difference is seen when looking at the junction from the outside. If the
upper module (63) segments are single-piece and the lower module (64) segments are multi-
piece, the assembly of the modules to each other is shown in Figure 20A, cut longitudinally
from the middle axis. In addition, an enlarged image of the assembly region is shown in
Figure 20B. The mounting method is exactly the same as the method described in Section
(25) above, and the difference is that in the upper module (63) in areas without flanges, the
module connection is the use of an additional connection part (74) described in Section
(16C) above between the L parts (75). With this mounting method, a rigid and secure
connection is provided in the assembly areas of the modules thanks to the module fasteners
used. The section view relative to the D-D axis in Figure 20A is shown in Figure 19-2C.
(026A) In case the upper module (63) and the lower module (64) have different material
thicknesses and the same or different sections, the alternative mounting method of the
modules (MM-05) is shown in Figure 20-1. The only difference of this mounting method from
the mounting methods (MM-02 and MM-04) described in the above sections (025 and 026) is
that the reinforcement plate (70) is not used. In this method, the bolt holes (53) in the module
lower and upper connection parts (50) and (58) are made to meet each other exactly. The
section view according to the E-E axis in Figure 20-1A is shown in Figure 20-12C. Everything
else is as explained in sections (025 and 026).

(027) The feature of the basic connection module (2) shown in Figure 1 is that its cross
section is the same as that of the lowest module of the tower. Its height can be one meter or
more. In Figure 21, perspective pictures of basic connection modules belonging to different
sections are shown as an example.

(028) In Figure 21A, perspective views of the basic connection module (100) to be used for
the one-piece and single-walled module described above in section (018), and the segment
(101) of this module (100) in Figure 21B are shown. Details of the flanges (12), bending line
(14), bolt connection holes (17, 18 and 20) in the tower element (95) of the segment are as
explained in sections (005) and (018, 18A, 18B and 18C) above. The tower element (95) is
fixed by welding( 97) from the inner and outer parts on the foundation flange plate (96), on
which bolt holes (98) are provided for fixing it to the concrete foundation. Next, the
submodule connection piece (58) is assembled as seen in Figure 21B. The assembly details
of this part 58 are the same as the method described in section 018A above. Segments (101)
are fixed to the concrete foundation with bolt holes (98) at the place where the plant will be
installed, and to the other foundation segments with bolt holes (17). Then the lowest module
of the tower is mounted to the basic connection module with bolt holes (17, 18 and 20). The
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mounting method here is the same as the mounting methods for similar sections described in
sections (24, 25, 25A, 26 and 26A) above.

(029) In Figure 21C, there are perspective views of the basic connection module (102) to be
used for the multi-part and single-walled module described above in the section (019), and
the segment (103) of this module (102) in Figure 21D. Details of the flanges (12), bending
line (14), bolt connection holes (17, 18 and 20) in the tower elements (95 and 99) of the
segment are given above (005), (007) and (019, 19A, 19B and 19C). as explained in the
sections. Tower elements (95 and 99) are fixed by welding (97) from the inner and outer
parts onto the foundation flange plate (96) on which bolt holes (98) are provided for fixing to
the concrete foundation. Next, the submodule connection piece (58) is assembled as seen in
Figure 21D. The assembly details of this part 58 are the same as the method described in
section 018A above. The segments (103) are fixed to the concrete foundation with bolt holes
(98) at the place where the plant will be installed, and to the other foundation segments with
bolt holes (17). Then the lowest module of the tower is mounted to the basic connection
module with bolt holes (17, 18 and 20). The mounting method here is the same as the
mounting methods for similar sections described above in sections (24, 25, 25A, 26 and
26A).

(030) In Figure 21E, there are perspective views of the basic connection module (104) to be
used for the multi-part and multi-walled module described above in section (023), and the
segment (105) of this module (104) in Figure 21F. Details of the flanges (12), bending line
(14), bolt connection holes (17, 18 and 20) in the tower elements (34, 40, 95 and 99) of the
segment above (005), (008) and (023, 23A, 23B). and 23C). The tower elements (34, 40, 95
and 99) are fixed by welding (97) from the inner and outer parts onto the foundation flange
plate (96), on which bolt holes (98) are provided for fixing to the concrete foundation. Next,
the submodule connection piece (58) is assembled as seen in Figure 21E. The assembly
details of this part 58 are the same as the method described in section 018A above. The
segments (105) are fixed to the concrete foundation with bolt holes (98) at the place where
the plant will be installed, and to the other foundation segments with bolt holes (17). Then the
lowest module of the tower is mounted to the basic connection module with bolt holes (17, 18
and 20). The mounting method here is the same as the mounting methods for similar
sections described above in sections (24, 25, 25A, 26 and 26A).

(031) Mounting of the top flange (9) and flange (9) to the top module (106) is shown in Figure
22. Figure 22A shows the enlarged view of the upper part of the top module (106) of the
tower, the top flange (9) in Figure 22B, and the perspective views of the assembly type in
Figure 22C. The bolt holes (108) on the top flange (9) meet each other exactly with the bolt
holes (53) on the module upper edge connection part (58) located on the top module (106)

22



10

15

20

25

30

35

WO 2022/086461 PCT/TR2020/050987

and are mounted to each other in this way. Mounting of the top flange (9) with nacelle is
done with bolt holes (109).

(032) Entrance door details are shown in Figure 23. Figure 23A shows the perspective views
of the entrance door (3) and reinforcement plate (4) in the lowest module (111). In Figure
23B, the entrance door (3) has an enlarged perspective view. The entrance door (3) is
produced from steel material in accordance with the segment (112) section of the lowest
module. Figure 23C shows the enlarged perspective views of the lower part of the module
segment (112) with the door gap. Door reinforcement plates (4) shown in Figure 23D are
placed on the inner and outer surfaces of the module segment (112) in order to eliminate the
weakness of the entrance door (3) gap in the module section. The strength in the door cavity
is increased by fixing the reinforcement plates (4) and the bolt holes (113) in the module
segment (112) to each other with bolts. The view of the reinforcement plate (4) placed on the
outer surface of the segment (112) after the assembly is shown in Figure 23E, and the view
of the reinforcement plate (4) placed on its inner surface is shown in Figure 23F.

(033) Figure 24 shows the mounting of reinforcement plates (115) for a single piece and
single wall foundation module segment (114) as an example. The loads on the door
reinforcement plate are transferred to the floor using the same method in all foundation
module sections. The bottom module (111) door reinforcement plates (4) to pass the loads to
the foundation segment is located in the cavity of the door module (112) under the basic
segment (114) and the reinforcing plates inner and outer surfaces (115) are there. The
reinforcement plates (115) and the base segment are fixed to each other through the bolt
holes (116) located in the tower element (114) and to the base plate by welding (117). The
base segment tower element (114) is shown in Figure 24B, the reinforcement plate in Figure
24A and the assembled form in Figure 24C. In Figure 24D, the enlarged version of the part
inside the circle of the manufactured part in Figure 24C is shown.

(034) Ten different module structures (57, 65, 84, 84A, 88, 88A, 91, 91A, 94, 94A) above in
sections (018, 019, 020, 021, 022 and 023) and in A, B, C, D clauses it was announced. One
or more of these modules can be used to provide optimization in tower design. Some of
these variations are shown as examples for towers made up of three modules in Figure 25.
Since 9,10,15 or more modules will be used in towers higher than 100 meters, the optimum
solution can be achieved by choosing the appropriate number and structure of modules
according to the decreasing material thicknesses upstream. The towers have a basic
connection module (2) with the same cross section as the lowest module, an entrance door
(3) and reinforcement plates (4) in the lowest module, and a top flange (9) at the top.

(034A) In Figure 25A, single-walled modules (57) are used throughout the tower.

(34B) In Figure 25B, there is a single walled module (65) in the lowest module of the tower.
Single wall modules (65 and 57) are used in others.

23



10

15

20

WO 2022/086461 PCT/TR2020/050987

(034C) In Figure 25C, there is a multi-walled module (84) in the lowest module of the tower.
In others, multi-walled (84) and single-walled (57) modules were used.

(034D) In Figure 25D, there is a multi-walled module (88) in the lowest module of the tower.
In others, multi-wall (88) and single-walled (57) modules are used.

(034E) In Figure 25E, there is a multi-walled module (91) in the lowest module of the tower.
In others, multi-wall (91) and single-walled (65 and 57) modules were used.

(034F) In Figure 25F, there is a multi-walled module (94) in the lowest module of the tower.
In others, multi-wall (94 and 88) and single-walled (57) modules were used.

(035) Finally, according to the invention, it is possible to build towers at desired heights.
Tower weight can be reduced by using composite materials, especially in tower elements
such as interior walls. In Figure 26, an exemplary tower with a height of 12m each of its
modules (57, 84 and 94), a height of foundation module (104) of 1m, and a total height of
145m is shown. In the lower two modules, the segments are multi-part and multi-walled (94)
modules, in the next three modules the segments are single-piece and multi-walled (84)
modules, in the other modules single-piece and single-walled (57) modules are used.
Material thickness of the modules decreases from bottom to top. The lowest module has an
entrance door (3), a door reinforcement plate (4). On the top module, there is a top flange (9)
for nacelle connection.

Industrial application of the invention

The modular tower to be used for wind turbines can be applied to the industry by being
produced in factories with the necessary machinery and equipment and assembled in the
power plant area.
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CLAIMS

1-The invention is related to a modular tower for a wind turbine which has;

Tower elements being made of steel or composite material
(11,22,25,29,30,34,38,39,40 ve 45),

Module fittings (50,58,70,73,74 and 75) for mounting the modules together;
modules of the same or different structure mounted on top of each other
(57,65,84,842,88,88a,91,91a,94 and 94A),

Different methods for mounting modules together (MM-01, MM-02, MM-03 and MM-
04 and MM-05);

The modules (57, 65, 84, 88, 91 and 94) of the same or different structure mounted
on top of each other;

The top flange (9);

The foundation connection module (2);

The entrance door (3);

The reinforcement plates (4) in the entrance door cavity;

2- Tower element (11) according to claim 1, wherein it has the characteristics in that;

A conical form that narrows from bottom to top,

A bending line (12) in the longitudinal direction of the part with the angle (13)
connected to the number of sides of the equilateral polygon forming the module
section in the middle of it,

Flanges (14) on both sides bent at an angle of 90 degrees (15),

The bolt holes (16) that will be combined with other tower elements on the flanges
and form the module,

Bolt holes (17,18, 19 and 20) for mounting module fasteners on other surfaces,

3- Tower element (22) according to claim 1, wherein it has the characteristics in that;

A conical form that narrows from bottom to top,

A bending line (12) in the longitudinal direction of the part with the angle (13)
connected to the number of sides of the equilateral polygon forming the module
section in the middle of it,

Fanges (14) on both sides bent at an angle of 90 degrees (15),

The bolt holes (16 and 17) that will be combined with other tower elements on the
flanges and form the module,

Bolt holes (18, 19 and 20) for mounting module fasteners on other surfaces,

Into the bolt holes (21 and 23) for the mounting of the inner wall tower elements.

4- Tower element (25) according to claim 1, wherein it has the characteristics in that;

A U-shaped structure,
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On both sides of the flanges (26) symmetrically bent with a 90-degree angle (15)
relative to the middle axis (28) of the part,
The bolt holes (16 and 17) that will be combined with other tower elements on the
flanges and form the module,
The bolt holes (18) for mounting the module fasteners.
5- Tower element (29) according to Claim 1, wherein it has the characteristics in that;
A U-shaped structure,
Flanges (26) symmetrically bent on both sides with a 90-degree angle (15) relative to
the middle axis (28) of the part,
The bolt holes (16) on the flanges that will be combined with other tower elements
and form the module,
The bolt holes (23) for internal wall mounting,
The bolt holes (17 and 18) for mounting the module connection parts,
6- Tower element (30) according to claim 1, wherein it has the characteristics in that;
A conical form that narrows from bottom to top,
A bending line (31) bent in the longitudinal direction in the middle of it,
The bending angle (32) in the same proportion as the angle (13),
Bolt holes (18, 19, 20, 21 and 23) for fixing to other tower elements,
The feature of being used as interior wall,
Being able to be made of steel or composite material
7- Tower element (38) according to claim 1, wherein it has the characteristics in that;
A conical form that narrows from bottom to top,
A bending line (31) bent in the longitudinal direction in the middle of it,
The bending angle (32) in the same proportion as the angle (13),
Bolt holes (21 and 23) for fixing to other tower elements,
The feature of being used as interior wall,
Being able to be made of steel or composite material
8- Tower element (34) according to claim 1, wherein it has the characteristics in that;
A conical form that narrows from bottom to top,
A bending line (31) bent in the longitudinal direction in the middle of it,
The bending angle (32) in the same proportion as the angle (13),
Bolt holes (19, 20, and 21) for fixing to other tower elements,
The feature of being used as interior wall,
Being made of steel or composite material.
9- Tower element (39) according to claim 1, wherein it has the characteristics in that;
A conical form that narrows from bottom to top,
A bending line (31) bent in the longitudinal direction in the middle of it,
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The bending angle (32) in the same proportion as the angle (13),
Bolt holes (21) for fixing to other tower elements,
The feature of being used as interior wall,
Being made of steel or composite material.
10- Tower element (40) according to claim 1, wherein it has the characteristics in that;
A structure in L form,
A flange (41) bent at a 90-degree angle (42),
Bolt holes (16, 17, 18 and 23) for mounting to other tower elements,
The feature of being used as interior wall,
Being made of steel or composite material.
11- Tower element (45) according to claim 1, wherein it has the characteristics in that;
Rectangular section (46) and sheet form,
Bolt holes (18 and 23) for mounting to other tower elements,
The feature of being used as interior wall,
Being made of steel or composite material
12- Module connecting element (50) according to claim 1, wherein it has the characteristics
in that;
A bend line (51) bent at the middle part with a bending angle (13),
Flange bent at an angle of 90 degrees at the bottom side (52),
Reinforcement plates (55) fixed on each side and in the middle of it by welding (54),
Bolt holes (19 and 53) for fixing to other tower elements.
13- Module connecting element (58) according to claim 1, wherein it has the characteristics
in that;
A bend line (51) bent at the middle part with a bending angle (13),
Flange bent at an angle of 90 degrees at the bottom (59),
Reinforcement pieces (61) fixed on each side and in the middle of it by welding (60),
Bolt holes (19 and 53) for fixing to other tower elements.
14- Module connecting element (75) according to claim 1, wherein it has the characteristics
in that;
A structure in L form,
A flange (77) bent at a 90-degree angle (76),
Bolt holes (17 and 18) for mounting to other tower elements.
15- Module connecting element (70) according to claim 1, wherein it has the characteristics
in that;
A bend line (51) bent at the middle part with a bending angle (13),
Bolt holes (18 and 20) for fixing to other tower elements.
16- Module connecting element (73) according to claim 1, and that it has
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Flat sheet form,
Bolt holes (17) for fixing to other tower elements.

17- Module connecting element (74) according to claim 1, and that it has

Flat sheet form,
Bolt holes (17) for fixing to other tower elements.

18- Tower module (57) according to claim 1,2,12 or 13, wherein it has the characteristics in

that;

One piece and one walled tower element (11) of each segment (78),
Segment mounted module lower and upper edge fittings (50 and 58),
Wherein when all the segments (78) are assembled with bolts (56), they are narrowed

to an equilateral polygonal structure.

19- Tower module (65) according to claim 1,2,4,12 or 13, wherein it has the characteristics in

that;

A single-walled structure consisting of two tower elements (25) mounted with bolts
(62) on both sides of a tower element (11) of each segment (80),

Module lower and upper edge fittings (50 and 58) mounted on the tower element (11),
Wherein the assembly of the segments (80) with bolts (56) is completed, the rhombic
structure narrowing from the bottom to the top.

20- The tower module (84) according to claim 1,3,6,12 or 13, wherein it has the

characteristics in that;

A multi-walled structure consisting of the tower element (30) mounted with bolts (37)
on the inner surface of a tower element (22) of each segment (83),

Module lower and upper edge fittings (50 and 58) mounted on the tower element (22),
Wherein when assembling the segments (83) with bolts (56) to each other, it is
narrowed to an equilateral polygon structure that contracts from the bottom up.

21- The tower module (84A) according to claim 1,3,7,12 or 13, wherein it has the

characteristics in that;

A multi-walled structure consisting of the tower element (38) mounted with bolts (37)
on the inner surface of a tower element (22) of each segment (82A),

Module lower and upper edge fittings (50 and 58) mounted on the tower element (22),
Wherein when assembling the segments (82A) with bolts (56) to each other, it is
narrowed to an equilateral polygon structure that contracts from the bottom up.

22- The tower module (88) according to claim 1,3,8,10,12 or 13, wherein it has the

characteristics in that;

A multi-walled structure consisting of one (34) and two (40) tower elements mounted
with bolts (37) on the inner surface of a tower element (22) of each segment (86),
Module lower and upper edge fittings (50 and 58) mounted on the tower element (22),
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Wherein when assembling the segments (86) with bolts (56) to each other, it is
narrowed to an equilateral polygonal structure that contracts from the bottom up.
23- The tower module (88A) according to claim 1,3,9,10,12 or 13, wherein it has the
characteristics in that;
A multi-walled structure consisting of one (39) and two (40) tower elements mounted
with bolts (37) on the inner surface of a tower element (22) of each segment (86A),
Module lower and upper edge fittings (50 and 58) mounted on the tower element (22),
Wherein when assembling the segments (86A) with bolts (56) to each other, it is
narrowed to an equilateral polygonal structure that contracts from the bottom up.
24- The tower module (91) according to claim 1,3,5,6,11,12 or 13, wherein it has the
characteristics in that;
A tower element (30) mounted on the inner surface of a tower element (22) of each
segment (90) with bolts (37),
A multi-walled structure in which two tower elements (29) are mounted with bolts (62)
on both sides of this tower element (22) having a tower element (45) mounted on the
inner surface with bolts (37),
Module lower and upper edge fittings (50 and 58) mounted on the tower element (22),
Wherein when the assembly of the segments (90) with bolts (56) is completed, the
polygonal structure narrowing from the bottom to the top
25- The tower module (91A) according to claim 1,3,5,7,11,12 or 13, wherein it has the
characteristics in that;
A tower element (38) mounted on the inner surface of a tower element (22) of each
segment (90) with bolts (37),
A multi-walled structure in which two tower elements (29) are mounted with bolts (62)
on both sides of this tower element (22) having a tower element (45) mounted on the
inner surface with bolts (37),
Module lower and upper edge fittings (50 and 58) mounted on the tower element (22),
Wherein when the assembly of the segments (90A) with bolts (56) is completed, the
polygonal structure narrowing from the bottom to the top
26- The tower module (94) according to claim 1,3,5,8,10,12 or 13, wherein it has the
characteristics in that;
A tower element (34) and two tower elements (40) mounted on the inner surface of a
tower element (22) of each segment (93) with bolts (37),
A multi-walled structure in which two tower elements (29) with two tower elements
(40) mounted on both sides of the tower element (22) with bolts (37) are mounted
with bolts (62),

Module lower and upper edge fittings (50 and 58) mounted on the tower element (22),
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Wherein when the assembly of the segments (94) with bolts (56) is completed, the
polygonal structure narrowing from the bottom to the top

27- The tower module (94A) according to claim 1,3,5,9,10, 12 or 13, wherein it has the

characteristics in that;

A tower element (39) and two tower elements (40) mounted on the inner surface of a
tower element (22) of each segment (93A) with bolts (37),

A multi-walled structure in which two tower elements (29) with two tower elements
(40) mounted on both sides of the tower element (22) with bolts (37) are mounted
with bolts (62),

Module lower and upper edge fittings (50 and 58) mounted on the tower element (22),
Wherein when the assembly of the segments (93A) with bolts (56) is completed, the
polygonal structure narrowing from the bottom to the top

28- The method of assembly (MM-01) of the upper and lower modules (63 and 64) with the
same structure and the same material thicknesses according to claim 1, consists of the

steps;

Placing the base section of the upper module (63) and the ceiling section of the lower
module on top of each other so that the modules are exactly equal to each other,
Fixed to each other with bolts through the bolt holes (53) in the module connection
elements (50 and 58),

Fixing the modules and bolts to each other from the holes (17 and 18) using one
module connection L pieces (75) on the right and left sides of all flanges in the

modules,

29- The method of assembly (MM-02) of the upper and lower modules (63 and 64) having

the same structure and different material thicknesses according to claim 1, consists of steps;

The use of reinforcement plate (70) between the lower edge connection piece (50)
and the tower element while assembling the segments that make up the upper
module,

Placing the outer perimeter of the base section of the upper module (63) and the
outer perimeter of the ceiling section of the lower module exactly on top of each other,
Fixed to each other with bolts through the bolt holes (53) in the module connection
elements (50 and 58),

Mounting the bolt holes (17 and 18) between the module connection L parts (75) and
the upper module (63) flanges and L parts (75) between the flanges (17 and 18)
between the flanges and the L parts (75).

30- The method of mounting the lower and upper modules (63 and 64) with different

structure and the same material thicknesses according to claim 1 (MM-03), consists of steps;
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Placing the outer perimeter of the base section of the upper module (63) and the
outer perimeter of the ceiling section of the lower module exactly on top of each other,
Fixing each other with bolts through the bolt holes (53) in the module fasteners (50
and 58),

Fixing the modules and bolts to each other from the holes (17 and 18) by using one
module connection L pieces (75) to the left and right of all flanges in the modules,
Wherein in the non-flanged areas of the upper module (63), the reinforcement plate
(74) is placed between the L-pieces (75) and mounted with bolts through the bolt
holes (17 and 18).

31- The method of mounting the lower and upper modules (63 and 64) with different
structure and different material thicknesses according to claim 1 (MM-04), consists of steps;

The use of reinforcement plate (70) between the lower edge connection piece (50)
and the tower element while assembling the segments that make up the upper
module,

Placing the outer perimeter of the base section of the upper module (63) and the
outer perimeter of the ceiling section of the lower module exactly on top of each other,
Fixing each other with bolts through the bolt holes (53) in the module fasteners (50
and 58),

Mounting bolt holes (17 and 18) between the module connection L parts (75) and the
upper module (63) flanges and L parts (75) with bolts from each of the flanges on the
modules, using bolt holes (73),

wherein in the non-flanged areas of the upper module (63), the reinforcement plate
(74) is placed between the L-pieces (75) and mounted with bolts through the bolt
holes (17 and 18).

32- The method of mounting the lower and upper modules (63 and 64) with different material
thicknesses according to claim 1 (MM-05), consists of steps;

Placing the outer perimeter of the base section of the upper module (63) and the
outer perimeter of the ceiling section of the lower module exactly on top of each other,
Fixing each other with bolts through the bolt holes (53) in the module fasteners (50
and 58),

Mounting bolt holes (17 and 18) between the module connection L parts (75) and the
upper module (63) flanges and L parts (75) with bolts from each of the flanges on the
modules, using bolt holes (73),

wherein in the non-flanged areas of the upper module (63), the reinforcement plate
(74) is placed between the L-pieces (75) and mounted with bolts through the bolt
holes (17 and 18).
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33- The basic connection module (2) according to claim 1, wherein it has the characteristics
in that;
The same section and structure as the lowest modules and segments of its
segments,
the bolt holes (17, 18, 20) for fixing the tower elements that make up the segment
with bolts to each other,
The feature of fixing to the basic flange plate (96) by welding (97),
The bolt holes (98) in the flange plate (96) to secure the tower to the foundation.
34- Entrance door (3) according to Claim 1, wherein it has the characteristics in that;
The bottom module has a structure suitable for the cross section.
35- The reinforcing plate (4) for the entrance door according to claim 1, wherein it has the
characteristics in that;
The module where the door space is located has bolt holes (113) that allow mounting
of the segment (112) on the inner and outer surfaces.
36- The basic connection module reinforcing plate (115) according to claim 1, wherein it has
the characteristics in that;
A structure suitable for the cross section of the basic connection module segment
where the door space is located,
Into the bolt holes (116) that provide mounting on the inner and outer surfaces of the
segment.
37- Flange (9) according to Claim 1, wherein it has the characteristics in that;
Having a circular structure,
It has bolt holes (108 and 109)
38- The method of building a wind turbine tower according to claim 1,18,33,34,35,36 or 37,
wherein it has ;
The basic connection flange (2),
All to single wall modules (57),
An entrance door (3) in the bottom module (57),
The reinforcement plates (4) in the bottom module (57),
At the top module (57) to the top flange (9).
39- The method of building a wind turbine tower according to claims 1,18,19,33,34,35,36 or
37, wherein it has;
The basic connection flange (2),
The bottom wall (65) of the single-walled structure,
Single-walled modules (65 and 57),
An entrance door (3) in the bottom module (65),
The reinforcement plates (4) in the bottom module (65),
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At the top module (57) to the top flange (9),
40- The method of building a wind turbine tower according to claims 1,18,20,33,34,35,36 or
37, wherein it has;

The basic connection flange (2),

The bottom wall (84) of the double-walled structure,

Multi-wall (84) and single-wall modules (57) on it,

An entrance door (3) in the bottom module (84),

The reinforcement plates (4) in the bottom module (84),

At the top module (57) to the top flange (9).
41- The method of building a wind turbine tower according to claims 1,18,22,33,34,35,36 or
37, wherein it has the characteristics in that;

The basic connection flange (2),

The bottom wall (88) of the double-walled structure,

Multi-wall (88) and single-wall modules (57) on it,

An entrance door (3) in the bottom module (88),

The reinforcement plates (4) in the bottom module (88),

At the top module (57) to the top flange (9).
42- The method of building a wind turbine tower according to claims 1,14,24,33,34,35,36 or
37, wherein it has the characteristics in that;

The basic connection flange (2),

The bottom wall (91) of the double-walled structure,

Multi-wall (91) and single-wall modules (65 and 57) on i,

An entrance door (3) in the bottom module (91),

The reinforcement plates (4) in the bottom module (91),
43- The method of building a wind turbine tower according to claims 1,18,22,26,33,34,35,36
or 37, wherein it has the characteristics in that;

The basic connection flange (2),

The bottom wall (94) of the double-walled structure,

Multi-wall (94 and 88) and single-wall modules (57) on it,

An entrance door (3) in the bottom module (94),

The reinforcement plates (4) in the bottom module (94),

At the top module (57) to the top flange (9).
44- The invention relates to a wind turbine tower according to claims
1,18,19,20,21,22,23,24,25,26,27,33,34,35,36 or 37, and it has the features characterized as ;

The basic connection flange (2),

Multi-wall (84,84,84A,88,88A,91,91A,94,94A) or single-wall (57,65) tower modules,

An entrance door (3) in the bottom module (94),
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The reinforcement plates (4) in the bottom module (94),
At the top module (57) to the top flange (9).
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