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Description
BACKGROUND

[0001] The present invention relates to wind turbines,
and more particularly, to an additively manufacture wind
tower structural section for a wind turbine tower and
method of fabrication.

[0002] Generally, a wind turbine includes a rotor that
includes a rotatable hub assembly having multiple
blades. The blades transform wind energy into amechan-
ical rotational torque that drives one or more generators
via the rotor. The generators are sometimes, but not al-
ways, rotationally coupled to the rotor through a gearbox.
The gearbox steps up the inherently low rotational speed
of the rotor for the generator to efficiently convert the
rotational mechanical energy to electrical energy, which
is fed into a utility grid via at least one electrical connec-
tion. The rotor, generator, gearbox and other compo-
nents are typically mounted within a housing, or nacelle,
thatis positioned on a base thatincludes atruss or tubular
tower.

[0003] Wind turbine towers typically include a number
of cylindrical sections coupled to 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. Large towers are need-
ed to support wind turbines and the towers need to with-
stand strong lateral forces caused by environmental con-
ditions such as the wind. The tower sections require large
wall thicknesses to withstand these forces leading to high
material, manufacturing and transportation costs for the
completed tower. Additionally, tons of required mass are
added to the base of the tower to meet stiffness require-
ments so as to withstand the strong lateral, wind forces.
For example, for some known towers, approximately 30
tons of mass is added to the tower base to comply with
stiffness requirements.

[0004] Some of the known tower manufacturing proc-
esses involve many labor and equipmentintensive steps.
Generally, during manufacturing, an extruded sheet of
metal is rolled around a longitudinal welding machine at
an offsite location. The welder longitudinally welds the
rolled sheets to a tower length, known as a "can". Cans
are then moved and mounted on blocks in an end-to-end
configuration. A seam welder proceeds to weld an inter-
face between adjoining cans to form a tubular tower sec-
tion. Each section is then moved and loaded onto a truck
for individual transportation to the tower assembly site.
[0005] Transportation regulations, however, limit load
sizes of shipped products. For example, tower sections
are limited in diameter to about 4.3 meters (m) (14 feet
(ft)), due to road transportation barriers, such as bridges
that span a highway. To comply with transportation reg-
ulations, the length of each assembled tower section is
curtailed. Accordingly, an increase in the number of
formed tower lengths results in an increase in manufac-
turing costs, transportation costs and on-site assembly
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costs.

[0006] Accordingly, there exists a need in the art to
provide for a wind turbine tower that provides on-site
manufacture to address the issue of increasing transpor-
tation difficulties that arise with larger diameter tower sec-
tions. There additionally exists a need for customized
wind turbine tower wall designs that increase strength or
reduce the amount of reinforcement needed, while pro-
viding for on-site manufacture.

[0007] WO 2017/181060 A1 relates to freeform, addi-
tive manufacturing equipment, processes and products,
including residential, commercial and other buildings. It
is described that a movable extruder places extrudate
that solidifies in open space to create "scaffolding" or
"skeletons" of buildings and other products. It is further
described that elongated extrudate elements are fused
to each other or connected by other means to form a
cellular structure. It is yet further desribed that filler ma-
terial such as polymeric insulating foam may simultane-
ously or thereafter be placed within the cellular structure
to contribute desired strength, rigidity, insulative, barrier
or other properties.

[0008] WO 2007/050972 A2 describes a nozzle for ex-
truding a surface may include a first outlet configured to
controllably extrude a first extrudate of unhardened ma-
terial, a second outlet configured to controllably extrude
a second extrudate of unhardened material that is sep-
arated from the first extrudate, a third outlet configured
to extrude a third extrudate of unhardened material be-
tween the first and the second extrudates, and a control-
ler. The third outlet may have a width that is substantially
less than the distance between the first and second ex-
trudates. The controller may be configured to cause the
third extrudate to repeatedly traverse between the first
and second extrudates and/or to cause the third extru-
date to leave a plurality of substantial and separated
spaces between the first and second extrudates.

BRIEF DESCRIPTION

[0009] These and other shortcomings of the prior art
are addressed by the present disclosure.

[0010] One aspect of the present invention resides in
a wind turbine according to appended claim 1.

[0011] Yetanother aspect of the invention resides in a
method of fabricating a wind turbine according to append-
ed claim 8.

[0012] Various refinements of the features noted
above exist in relation to the various aspects of the
present disclosure. Further features may also be incor-
porated in these various aspects as well.

BRIEF DESCRIPTION OF THE FIGURES

[0013] The above and other features, aspects, and ad-
vantages of the present disclosure will become better
understood when the following detailed description is
read with reference to the accompanying drawings in
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which like characters represent like parts throughout the tower section and a tower flange, in accordance with
drawings, wherein: one or more embodiments of the present disclosure;

FIG. 1 is a schematic view of an exemplary wind
turbine, in accordance with one or more embodi-
ments of the present disclosure;

FIG. 2is a schematic isometric view of an exemplary
embodiment of a multi-material additively manufac-
tured tower section for use in facilitating assembly
of a tower mast, in accordance with one or more
embodiments of the present disclosure;

FIG. 3 is a schematic top view of the multi-material
additively manufactured tower section of FIG. 1, in
accordance with one or more embodiments of the
present disclosure;

FIG. 4 is a schematic isometric view of another em-
bodiment of a multi-material additively manufactured
tower section for use in facilitating assembly of a
tower mast, in accordance with one or more embod-
iments of the present disclosure;

FIG. 5 is a schematic top view of the multi-material
additively manufactured tower section of FIG. 4, in
accordance with one or more embodiments of the
present disclosure;

FIG. 6 is a schematic isometric view of another em-
bodiment of a multi-material additively manufactured
tower section for use in facilitating assembly of a
tower mast, in accordance with one or more embod-
iments of the present disclosure;

FIG. 7 is a schematic top view of the multi-material
additively manufactured tower section of FIG. 6, in
accordance with one or more embodiments of the
present disclosure;

FIG. 8 is a schematic isometric view of another em-
bodiment of a multi-material additively manufactured
tower section for use in facilitating assembly of a
tower mast, in accordance with one or more embod-
iments of the present disclosure;

FIG. 9 is a schematic top view of the multi-material
additively manufactured tower section of FIG. 8, in
accordance with one or more embodiments of the
present disclosure;

FIG. 10 is a cut-away isometric view of a portion of
a multi-material additively manufactured tower sec-
tion, in accordance with one or more embodiments
of the present disclosure;

FIG. 11 is a partial exploded orthogonal view of a
portion of a multi-material additively manufactured
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FIG. 12 is a cross-section of a plurality of multi-ma-
terial additively manufactured tower sections cou-
pled to a plurality of flanges, in accordance with one
or more embodiments of the present disclosure;

FIG. 13 illustrates flange portions shown in FIG. 12
coupled together by a fastener, in accordance with
one or more embodiments of the present disclosure;

FIG. 14 is a schematic top view of an exemplary em-
bodiment of a method of forming the multi-material
additively manufactured tower section of FIGs. 2 and
3, in accordance with one or more embodiments of
the present disclosure;

FIG. 15is a schematic top view of another exemplary
embodiment of a method of forming the multi-mate-
rial additively manufactured tower section of FIGs.
2 and 3, in accordance with one or more embodi-
ments of the present disclosure;

FIG. 16 is a schematic top view of an exemplary em-
bodiment of a method of forming the multi-material
additively manufactured tower section of FIGs. 6 and
7, in accordance with one or more embodiments of
the present disclosure;

FIG. 17 is a schematic top view of another exemplary
embodiment of a method of forming the multi-mate-
rial additively manufactured tower section of FIGs.
6 and 7, in accordance with one or more embodi-
ments of the present disclosure;

FIG. 18 is a schematic isometric view of another em-
bodiment of a plurality of multi-material additively
manufactured tower sections in a nested configura-
tion for use in facilitating assembly of a tower mast,
in accordance with one or more embodiments of the
present disclosure; and

FIG. 19 is a schematic top view of the plurality of
multi-material additively manufactured tower sec-
tions of FIG. 18, in accordance with one or more
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0014] The disclosure will be described for the purpos-
es of illustration only in connection with certain embodi-
ments; however, it is to be understood that other objects
and advantages of the present disclosure will be made
apparent by the following description of the drawings ac-
cording to the disclosure. While preferred embodiments
aredisclosed, they are notintended to be limiting. Rather,
the general principles set forth herein are considered to
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be merely illustrative of the scope of the present disclo-
sure and it is to be further understood that numerous
changes may be made without straying from the scope
of the present invention as defined by the appended
claims.

[0015] "Additive manufacturing” is a term used herein
to describe a process which involves layer-by-layer con-
struction or additive fabrication (as opposed to material
removal as with conventional machining processes).
Such processes may also be referred to as "rapid man-
ufacturing processes". Additive manufacturing process-
esinclude, but are not limited to: Direct Metal Laser Melt-
ing (DMLM), Laser Net Shape Manufacturing (LNSM),
Electron Beam Sintering (EBS), Selective Laser Sinter-
ing (SLS), 3D printing, Sterolithography (SLA), Electron
Beam Melting (EBM), Laser Engineered Net Shaping
(LENS), and Direct Metal Deposition (DMD). In addition,
the terms "3D printing" and "additive manufacturing”
have the same meaning, and may be used interchange-
ably. The 3D printing device used in the context of em-
bodiments of the invention can be realized to print or
deposit a layer of any material that is suitable for con-
structing a tower.

[0016] The terms "first," "second," and the like, herein
donotdenote any order, quantity, orimportance, butrath-
er are used to distinguish one element from another. The
terms "a" and "an" herein do not denote a limitation of
quantity, but rather denote the presence of at least one
of the referenced items. The modifier "about" used in
connection with a quantity is inclusive of the stated value,
and has the meaning dictated by context, (e.g., includes
the degree of error associated with measurement of the
particular quantity). In addition, the terms "first", "sec-
ond", or the like are intended for the purpose of orienting
the reader as to specific components parts.

[0017] As used herein, the term "multi-material" de-
notes the use of multiple materials and is intended to
encompass the use of any number of materials, such as
the use of two or more materials.

[0018] Moreover, in this specification, the suffix "(s)" is
usually intended to include both the singular and the plu-
ral of the term that it modifies, thereby including one or
more of that term (e.g., "the opening" may include one
or more openings, unless otherwise specified). Refer-
ence throughout the specification to "one embodiment,"
"another embodiment," "an embodiment," and so forth,
means that a particular element (e.g., feature, structure,
and/or characteristic) described in connection with the
embodiment is included in at least one embodiment de-
scribed herein, and may or may not be present in other
embodiments. Similarly, reference to "a particular con-
figuration" means that a particular element (e.g., feature,
structure, and/or characteristic) described in connection
with the configuration is included in at least one config-
uration described herein, and may or may not be present
in other configurations. In addition, it is to be understood
that the described inventive features may be combined
in any suitable manner in the various embodiments and
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configurations.

[0019] As discussed in detail below, embodiments of
the present disclosure provide a bi-material additively
manufactured wind tower structure and method of fabri-
cation. The use of additively manufacturing technologies,
such as 3D printing, enables onsite manufacturing of the
tower structure, also referred to herein as a tower mast.
[0020] FIG. 1isaschematic view of an exemplary wind
turbine 100. In the exemplary embodiment, wind turbine
100 is a horizontal-axis wind turbine. Alternatively, the
wind turbine 100 may be a vertical-axis wind turbine. In
the exemplary embodiment, the wind turbine 100 in-
cludes a tower mast 102 extending from and coupled to
a supporting surface 104. The tower mast 102 is com-
prised of a plurality of cylindrical tower sections (de-
scribed presently). The tower mast 102 may be coupled
to the supporting surface 104 with a plurality of anchor
bolts or via a foundation mounting piece (neither shown),
for example. A nacelle 106 is coupled to the tower mast
102, and a rotor 108 is coupled to the nacelle 106. The
rotor 108 includes a rotatable hub 110 and a plurality of
rotor blades 112 coupled to the hub 110. In the exemplary
embodiment, the rotor 108 includes three rotor blades
112. Alternatively, the rotor 108 may have any suitable
number of rotor blades 112 that enables the wind turbine
100 to function as described herein. The tower mast 102
may have any suitable height and/or construction that
enables the wind turbine 100 to function as described
herein.

[0021] The rotor blades 112 are spaced about the ro-
tatable hub 110 to facilitate rotating the rotor 108, thereby
transferring kinetic energy from a wind force 114 into us-
able mechanical energy, and subsequently, electrical en-
ergy. The rotor 108 and the nacelle 106 are rotated about
the tower mast 102 on a yaw axis 116 to control a per-
spective, or azimuth angle, of the rotor blades 112 with
respect to the direction of the wind 114. The rotor blades
112 are mated to the hub 110 by coupling a blade root
portion 118 to the hub 110 at a plurality of load transfer
regions 120. Each load transfer region 120 has a hub
load transferregion and a blade load transfer region (both
not shown in FIG. 1). Loads induced to the rotor blades
112 are transferred to the hub 110 via load the transfer
regions 120. Each rotor blade 112 also includes a blade
tip 122.

[0022] In the exemplary embodiment, the rotor blades
112 have a length of between approximately 30 meters
(m) (99 feet (ft)) and approximately 120 m (394 ft). Alter-
natively, the rotor blades 112 may have any suitable
length that enables the wind turbine 100 to function as
described herein. For example, the rotor blades 112 may
have a suitable length less than 30 m or greater than 120
m. As wind 114 contacts the rotor blade 112, blade lift
forces are induced to the rotor blade 112 and rotation of
the rotor 108 about an axis of rotation 124 is induced as
the blade tip 122 is accelerated.

[0023] A pitch angle (not shown) of the rotor blades
112, i.e., an angle that determines the perspective of the
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rotor blade 112 with respect to the direction of the wind
114, may be changed by a pitch assembly (not shown in
FIG. 1). Increasing a pitch angle of rotor blade 112 de-
creases blade deflection by reducing aero loads on the
rotor blade 112 and increasing an out-of-plane stiffness
from the change in geometric orientation. The pitch an-
gles of the rotor blades 112 are adjusted about a pitch
axis 126 at each rotor blade 112. In the exemplary em-
bodiment, the pitch angles of the rotor blades 112 are
controlled individually. Alternatively, the pitch angles of
the rotor blades 112 are controlled as a group.

[0024] FIGs. 2 and 3 are schematic views of an exem-
plary embodiment of a multi-material tower section as
disclosed herein. lllustrated in a schematicisometric view
(FIG. 2) and top schematic view (FIG. 3) is a multi-ma-
terial tower section 130 for use in facilitating assembly
of tower mast 102 (shown in FIG. 1). In the exemplary
embodiment, multi-material tower section 130 is defined
by awall structure 132 and s orientated in a tubular shape
about a longitudinal axis "X" 134. The multi-material tow-
er section 130, however, can include any configuration
that facilitates assembly of tower mast 102. The multi-
material tower section 130 has a length L, as measured
between ends 136, 138, in a range between about 1m
and about 60m. Further, the multi-material tower section
130 has a diameter D in a range between about 4.3m
and about 10.0m and an inner diameter D, in a range
between about 3.7m and about 9.4m, each dependent
upon placement of the multi-material tower section 130
within the tower mast structure 102. The multi-material
tower section 130 may have constant diameters over the
entire length, L4, or taper from end 136 to end 138, re-
sulting in a tapered tower mast. In the exemplary embod-
iment, section 130 includes a substantially straight con-
figuration to facilitate forming a tower mast, such as tower
mast 102 (FIG. 1) having a substantially straight cylindri-
cal shape. In an alternate embodiment, the multi-material
tower section 130 may be configured to provide a tower
mast having an alternate shape, such as, but not limited
to, triangular, oval, square, polygonal, hexagonal, octag-
onal shapes, honeycomb and any other cross section
that is deemed optimal for the wind conditions at the tur-
bine site.

[0025] The multi-material tower section 130 of FIGs. 2
and 3 is formed on-site by additive manufacturing tech-
niques (described presently), such as 3D printing. The
multi-material tower section 130 is formed of a concrete
material 140 having at least one internal reinforcement
structure 142 formed therein the concrete material 140.
In this particular embodiment, the at least one internal
reinforcement structure 142 comprises a plurality of em-
bedded steel reinforcements, and more specifically a plu-
rality of embedded steel reinforcement bars144, often
referred to as "rebar". Accordingly, this particular embod-
iment may be described as a multi-material tower section
130, and more particularly comprised as a bimaterial tow-
er structure. In an alternate embodiment, the at least one
internal reinforcement structure 142 comprises a plurality
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of embedded reinforcements comprised of a composite
material, or any other material applicable to provide the
required strength to the overall structure. In yet another
alternate embodiment, the multi-material tower section
103 may be comprised of more than the two named ma-
terials.

[0026] Inthe embodimentof FIGs. 2 and 3, the atleast
one internal reinforcement structure 142 is formed of con-
tinuous metal strands that are easily formed during the
additive manufacturing process (described presently)
along the entire length L of the multi-material tower sec-
tion 130. The atleast one internal reinforcement structure
142 stabilizes the concrete material 140 and improves
crack resistance properties of the concrete material 140.
In an embodiment, the at least one additively manufac-
tured internal reinforcement structure 142 is engineered
and built to specific locations within the wall structure 132
forming the multi-material tower section 130 such that
the overall weight of the multi-material tower section 130
and the resultant tower mast, formed of one or more of
the multi-material tower sections 130, is reduced.
[0027] Referring now to FIGs. 4 and 5, illustrated are
schematic views of another exemplary embodiment of a
multi-material tower section as disclosed herein. It should
be understood that like elements have like numbers
throughout the embodiments described herein. lllustrat-
ed in a schematic isometric view (FIG. 4) and top sche-
matic view (FIG. 5) is a multi-material tower section 150
for use in facilitating assembly of tower mast 102 (shown
in FIG. 1). In the exemplary embodiment, multi-material
tower section 150 is defined by a wall structure 132 and
is orientated in a tubular shape about a longitudinal axis
"X" 134. As previously described with regard to the em-
bodiment of FIGs. 2 and 3, the multi-material tower sec-
tion 150 can include any configuration that facilitates as-
sembly of tower mast 102. The multi-material tower sec-
tion 150 has a length L, as measured between ends
136, 138, in a range between about 1 m and about 60
m. Further, the multi-material tower section 150 has an
outer diameter D4 in a range between about 4.3m and
about10.0mandaninnerdiameter D,inarange between
about3.7mand about 9.4m, each dependent upon place-
ment of the multi-material tower section 150 within the
tower mast structure. The multi-material tower section
150 may have a constant diameter over the entire length,
L4, ortaperfromend 136 toend 138, resultinginatapered
tower mast 102. In the exemplary embodiment, the multi-
material tower section 150 includes a substantially
straight configuration to facilitate forming a tower mast,
such as tower mast 102 (FIG. 1) having a substantially
straight cylindrical shape. In an alternate embodiment,
the multi-material tower section 150 may be configured
to provide a tower mast having an alternate shape, such
as, but not limited to, triangular, oval, square, polygonal,
hexagonal, octagonal shapes, honeycomb and any other
cross section that is deemed optimal for the wind condi-
tions at the turbine site.

[0028] Similar to the embodiment of FIGs. 2 and 3, the
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multi-material tower section 150 of FIGs. 4 and 5 is
formed on-site by additive manufacturing techniques (de-
scribed presently), such as 3D printing. The multi-mate-
rial tower section 150 is formed of a concrete material
140 having at least one internal reinforcement structure
142 formed therein the concrete material 140. In this par-
ticular embodiment, the at least one internal reinforce-
ment structure 142 comprises a plurality of embedded
steel t-studs 152. The plurality of embedded steel t-
studs152 are oriented to extend radially from at least one
of the outer diameter D, or the inner diameter D, of the
multi-material tower section 150. In the illustrated em-
bodiment of FIGs. 3 and 4, the plurality of embedded
steel t-studs 152 extend radially from both the inner di-
ameter D4 and the outer diameter D, of the multi-material
tower section 150. In the embodiment of FIGs. 4 and 5,
the at least one internal reinforcement structure 142 is
formed during the additive manufacturing process (de-
scribed presently) dispersed along the entire length L,
of the multi-material tower section 150. The at least one
internal reinforcement structure 142, and more particu-
larly, the plurality of embedded t-studs 152 stabilize the
concrete material 140 and improve crack resistance
properties of the concrete material 140. In an embodi-
ment, the additively manufactured at least one internal
reinforcement structure 142 is engineered and built to
specific locations within the wall structure 132 forming
the multi-material tower section 150 such that the overall
weight of the multi-material tower section 150 and the
resultant tower mast, formed of one or more of the multi-
material tower sections 150, is reduced.

[0029] Referring now to FIGs. 6-9, illustrated are sche-
matic views of additional exemplary embodiments of a
multi-material tower section as disclosed herein. lllustrat-
ed in a schematic isometric view (FIG. 6) and top sche-
matic view (FIG. 7) is a multi-material tower section 160
for use in facilitating assembly of tower mast 102 (shown
in FIG. 1). In addition, illustrated in a schematic isometric
view (FIG. 8) and top schematic view (FIG. 9) is a multi-
material tower section 170 for use in facilitating assembly
of tower mast 102 (shown in FIG. 1). As in the previously
disclosed embodiments, in the exemplary embodiments
of FIGs. 6-9, the multi-material tower sections 160 and
170 are each defined by a wall structure 132 and orien-
tated in a tubular shape about a longitudinal axis "X" 134.
[0030] In contrast to the previous embodiments, the
multi-material tower section 170 is illustrated as formed
of multiple subcomponents 172, 174 that are joined to-
gether subsequent to fabrication (described presently),
but may be formed as a single piece in a manner similar
to the multi-material tower section 160. As illustrated the
multi-material tower section 170 is illustrated formed in
two pieces, but it is anticipated the multi-material tower
section 170 could be formed of any number of sub-com-
ponent pieces. In addition, it should be understood that
additionally, the multi-material tower sections 130, 150
and 160 although illustrated as formed of a single piece,
may be fabricated as including subcomponents that are
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joined together subsequent to fabrication.

[0031] As previously described with regard to the em-
bodiment of FIGs. 2 and 3, the multi-material tower sec-
tions 160 and 170 can include any configuration that fa-
cilitates assembly of tower mast 102. The multi-material
tower sections 160 and 170 have a length L, as meas-
ured between ends 136, 138, similar to the disclosed
previous embodiments. Further, each of the multi-mate-
rial tower sections 160 and 170 have an outer diameter
D, and an inner diameter D, similar to the disclosed pre-
vious embodiments, each dependent upon placement of
the multi-material tower section 160 and 170 within the
tower mast structure. The multi-material tower sections
160 and 170 may have constantdiameters over the entire
length, L4, or taper from end 136 to end 138, resulting in
a tapered tower mast. In the exemplary embodiments,
the multi-material tower sections 160 and 170 include a
substantially straight configuration to facilitate forming a
tower mast, such as tower mast 102 (FIG. 1) having a
substantially straight cylindrical shape. In alternate em-
bodiments, the multi-material tower sections 160 and 170
may be configured to provide a tower mast having an
alternate shape, such as, but not limited to, triangular,
oval, square, polygonal, hexagonal, octagonal shapes,
honeycomb and any other cross section that is deemed
optimal for the wind conditions at the turbine site.
[0032] Similar to the embodiment of FIGs. 2 and 3, the
multi-material tower section 160 of FIGs. 6 and 7 and the
multi-material tower section 170 of FIGs. 8 and 9 are
formed on-site by additive manufacturing techniques (de-
scribed presently), such as 3D printing. In contrast to the
previously disclosed embodiments, the multi-material
tower sections 160 and 170, and more particularly the
wall structure 132 of each is formed of an inner tubular
shell 162 and an outer tubular shell 164. In an embodi-
ment, the inner tubular shell 162 and the outer tubular
shell 164 are formed of steel. In another embodiment,
the inner tubular shell 162 and the outer tubular shell 164
are formed of a composite material. The multi-material
tower sections 160 and 170 are further formed of at least
one internal reinforcement structure 142. In the embod-
iments of FIGs. 6-9, the at least one internal reinforce-
ment structure 142 comprises an internal truss structure
166 spanning a distance between the inner tubular shell
162 and the outer tubular shell 164. In an embodiment,
the truss structure 166 may comprise any number of truss
configurations, such as, but not limited to a sinusoidal
configuration, as best illustrated in FIGs. 6 and 7, a
straight configuration, as best illustrated in FIGs. 8 and
9, a trapezoidal configuration (not shown), honey-comb,
or the like.

[0033] Intheillustrated embodiments of FIGs. 6-9, the
internal truss structure 166 extends substantially radially
between an inner diameter D5 of the outer tubular shell
164 and an outer diameter D, of the inner tubular shell
162. In an alternate embodiment, the internal truss struc-
ture 166 may overlap atleast a portion of the outer tubular
shell 164 and the inner tubular shell 162. In the embod-
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iment of FIGs. 6-9, the inner tubular shell 162, the outer
tubular shell 164 and the internal reinforcement structure
142, and more particularly the truss structure 166 are
formed during the additive manufacturing process (de-
scribed presently) along the entire length L, of each the
multi-material tower sections 160 and 170. In an embod-
iment, each of the additively manufactured inner tubular
shell 162, the outer tubular shell 164 and the internal
reinforcement structure 142 are engineered and built to
specific locations within the wall structure 132 forming
the multi-material tower sections 160 and 170 such that
the overall weight of each of the multi-material tower sec-
tions 160 and 170 and the resultant tower mast, formed
of one or more of the multi-material tower sections 160
and 170 is reduced. In addition, by separating the inner
tubular shell 162 and the outer tubular shell 164, the mo-
ment of inertia of the tower mast, such as tower mast 102
of FIG. 1, can be increased resulting in higher sustained
loads, minimized stresses, and improved resistance to
buckling.

[0034] FIG. 10 illustrates a method of joining the plu-
rality of the multiple subcomponents 172 and 174 of the
multi-material tower section 170 of FIGs. 8 and 9 and
joining of the multi-material tower section 170 to another
tower section of the tower mast 102. It should be under-
stood that the method of joining is additionally applicable
to the joining of the multi-material tower sections 130,
150 and 160 when formed of multiple subcomponents,
each of less than 360 degrees and/or the joining of the
multi-material tower sections 130, 150 and 160 to another
tower section of the tower mast 102. In the described
method, the multi-material tower section 170 is illustrated
as being formed of the multiple subcomponents 172, 174.
In this particular embodiment, the multiple subcompo-
nents 172, 174 are joined at a vertical splice joint 176
formed by overlapping portion of the multiple subcompo-
nents 172, 174. In the illustrated embodiment of FIG. 10,
aninner joining section 178 is provided to join the multiple
subcomponents 172, 174 at the vertical splice joint 176.
The inner joining section 178 may be formed of steel, a
printed composite, or the like. A plurality of through holes
180 may be formed in each of the multiple subcompo-
nents 172, 174 and the inner joining section 178, facili-
tating the insertion therein of a fastener 182 and locking
the multiple subcomponents 172, 174 together to form
the vertical splice joint 176. In addition, as illustrated in
FIG. 10, the multi-material tower section 170 is config-
ured for coupling to another section of the tower mast
102, generally similar to multi-material tower section 170,
(not shown) at a circumferential splice joint 184.

[0035] The circumferential splice joint 184 is formed in
generally the same manner as the vertical splice joint
176 and may include an inner joining section 186 and a
plurality of through holes 188 formed in each of the multi-
material tower sections 170 and the inner joining section
186. The a plurality of through holes 188 facilitate the
insertion therein of a fastener 190 and locking the multi-
material tower sections 170 together to form the circum-
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ferential splice joint 184. Similar to the inner joining sec-
tion 178, the inner joining section 186 may be formed of
steel, a printed composite, or the like.

[0036] In an alternate embodiment, a plurality of the
multi-material tower sections 170 may be joined by one
or more flange portions, as bestillustrated in FIGs. 11-13.
It should be understood that the method of joining is ad-
ditionally applicable to the joining of the multi-material
tower sections 130, 150 and 160 to another tower section
of the tower mast 102. Based on the tower height, one
multi-material tower section 170 may be welded to a
flange portion 192 and another section 170 may be weld-
ed to another flange portion 194.

[0037] FIG. 13 illustrates the flange portion 192 cou-
pled to the flange portion 194 by a fastener 196. Flange
portions 192, 194 can have any configuration to facilitate
coupling one multi-material tower section 170 to another
multi-material tower section 170. In one suitable embod-
iment, the multi-material tower section 170 is welded to
a male portion of the flange 194 having a projection 198.
Another multi-material tower section 170 is welded to a
female portion of flange 192 having a slot 200. Any weld-
ing process such as, but not limited to, HLAW, EBW and
FSW welding can be used to join multi-material tower
section 170 with flange portions 192, 194. Projection 198
is inserted into slot 200 and fastener 196 couples flange
portion 192 to flange portion 194.

[0038] FIGs. 14 and 15 illustrate methods for fabrica-
tion of the multi-material tower structure disclosed herein.
More particularly, illustrated in FIG. 14 is a first embodi-
ment of a method of manufacturing a multi-material tower
structure, such as any of tower structure 130 and 150.
For purposes of illustration the method is shown in con-
junction with the multi-material tower structure 130. Dur-
ing fabrication, the metal printing, and more particular
the additive manufacture of the internal reinforcement
structure 142 occurs at high temperatures that may lead
to damage of the surrounding concrete material 140. Ac-
cordingly, in an embodiment, during the additive manu-
facturing process, the internal reinforcement structures
142 are printed first. The concrete material 140 can then
be printed around the cooled metal, and more particular-
ly, around the internal reinforcement structures 142. To
accomplish such, as best illustrated in FIG. 14, in an ad-
ditive manufacturing system 200, a print head 202 is il-
lustrated as including a concrete nozzle 204 and a metal
nozzle 206. During rotation, as indicated by the direction-
al arrow, the metal nozzle 206 prints metal to form the
internal reinforcement structures 142, simultaneous with
the concrete nozzle 204 printing the concrete material
140. In an alternate embodiment as best illustrated in
FIG. 15, illustrated is an additive manufacturing system
210, including a print head 212 including a single nozzle
214 for printing a metal to form the internal reinforcement
structures 142 during a first rotation, followed by the con-
crete material 140 during a subsequent rotation, as indi-
cated by the directional arrow.

[0039] FIGs. 16 and 17 illustrate additional methods
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for fabrication of the multi-material tower structure dis-
closed herein. More particularly, illustrated in FIG. 16 is
a first embodiment of a method of manufacturing a multi-
material tower structure, such as tower sections 160 and
170. Itis anticipated that the multi-material tower sections
160, 170 can be printed of a concrete material or a metal
material, such as steel, or any combination of the two,
such as concrete wall structures 132 with metal internal
reinforcement structure 142, and more specifically the
internal truss structure 166 or concrete wall structures
132 with concrete internal reinforcement structure 142,
and more specifically the internal truss structure 166. For
purposes of illustration the method is shown in conjunc-
tion with the multi-material tower structure 160. Accord-
ingly, in an embodiment, during the additive manufactur-
ing process, the internal reinforcement structures 142
may be printed simultaneous or separate from printing
of the wall structures 132. To accomplish such, as best
illustrated in FIG. 16, in an additive manufacturing system
300, the wall structures 132 and the internal reinforce-
ment structures 142, and more specifically the internal
truss structure 166, may be printed simultaneously during
a single rotation. In an alternate embodiment as best il-
lustrated in FIG. 17, the wall structures 132 may be print-
ed during a first rotation, followed by the internal rein-
forcement structures 142, and more specifically the in-
ternal truss structure 166, during a subsequent rotation,
in a next step.

[0040] Referring now to FIGs. 18 and 19, illustrated is
another method for fabrication of the multi-material tower
structures disclosed herein. In this particular embodi-
ment, it is anticipated that the multi-material tower
sections130, 150, 160, 170 can be printed of a concrete
material or a metal material or any combination of the
two, such as concrete wall structures 132 with metal in-
ternal reinforcement structure 142 or concrete wall struc-
tures 132 with concrete internal reinforcement structure
142. For purposes of illustration the method is shown in
conjunction with the multi-material tower structure 130,
previously disclosed. Accordingly, in an embodiment,
during the additive manufacturing process, a plurality of
multi-material tower sections 130 are printed simultane-
ous, and in a nested concentric manner. Thus, the tower
structure has a tapered diameter over the entire length
of the tower mast 102, but can have a constant or tapered
diameter over each multi-material tower section 130.
[0041] Using additive manufacturing technology, the
multi-material tower sections 130 are printed in such
"nested" concentric tower sections in place, such that
after the complete tower mast structure, or the desired
portion of the overall tower mast structure is printed, the
nested multi-material tower sections 130 can be "tele-
scoped" and then affixed together utilizing any of the pre-
viously disclosed methods, or in addition, through the
use of grouting or additional adhesives during the printing
process, or the like, to maintain the tower mast 102 ex-
tension at its full height.

[0042] Accordingly, by utilizing additive manufacturing

10

15

20

25

30

35

40

45

50

55

technologies, such as 3D printing, "onsite" wind turbine
tower manufacturing is enabled. In addition, by utilizing
as additive manufacturing technologies, such as 3D print-
ing, optimized tower mast structures for wind turbine tow-
ers can be developed that facilitate reducing the wall
thickness and weight of the tower mast while increasing
the stiffness of the tower mast. In addition, by utilizing as
additive manufacturing technologies, such as 3D print-
ing, optimized tower mast structures for wind turbine tow-
ers can be developed that facilitate manufacturing and
assembly of the tower mast while reducing material,
transportation and assembly costs. Further, by utilizing
as additive manufacturing technologies, such as 3D print-
ing, optimized tower mast structures for wind turbine tow-
ers can be developed that facilitate complying with trans-
portation regulations.

[0043] In addition, additive manufacturing technolo-
gies provide for 3D printed internal reinforcement struc-
tures that can be engineered and built to specific loca-
tions within a wall structure such that the overall weight
of the wind turbine tower can be reduced. The multi-ma-
terial tower structures disclosed herein may additionally
include guy wire stabilization.

[0044] The tower section can be used for new manu-
facture of wind turbines or for integration with existing
wind turbines. In one embodiment, the multi-material tow-
er section includes a tapered structure that facilitates de-
creasing the wall thickness of the tower mast and reduc-
ing the mass of the tower mast. The tapered structure
also increases stiffness of the tower mast to enhance the
strength/weight ratio of the tower. Additionally, the tower
sections further enhance the moment of inertia of the
tower as inertiais proportional to stiffness. The increased
stiffness and lower mass of the tower mast reduces the
required base mass to support the tower mast in the
ground.

[0045] A technical effect of the multi-material tower
sections described herein includes the ability to optimize
the profile and materials within the sections which facil-
itates reducing the wall thickness and weight of the tower
mast. Another technical effect of optimizing the profile
and materials includes increasing the stiffness of the tow-
er mast. By optimizing the profile and materials, large
megawatt turbines can be built with higher tower mast
heights. Another technical effect of the multi-material
tower sections includes coupling tower sections together
at the assembly site. The multi-material tower sections
decrease the overall cost of the tower by reducing direct
material costs, transportation costs and assembling
costs.

[0046] Exemplary embodiments of a multi-material
tower section and methods of manufacturing and assem-
bling a tower mast are described above in detail. The
multi-material tower section and methods are not limited
to the specific embodiments described herein.

[0047] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only.
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[0048] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any layers or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims.

Claims

1. A wind turbine (100) having a tower mast (102) hav-
ing a longitudinal axis, said tower mast (102) com-
prising:

a plurality of multi-material tower sections (130, 150,
160, 170) for the tower mast (102), said plurality of
multi-material tower sections (130) comprising:

at least one additively manufactured wall struc-
ture (132) comprised of at least one material;
and

a plurality of additively manufactured internal re-
inforcement structures (142) comprised of at
least one additional material and disposed
therewith the at least one additively manufac-
tured wall structure (132),

wherein the plurality of multi-material tower sec-
tions (130) are configured to be extendable from
a nested configuration to form at least a portion
of the tower mast (102).

2. The multi-material tower section (130, 150) of claim
1, wherein the at least one additively manufactured
wall structure (132) includes a wall structure com-
prised of a concrete material (140) and wherein the
plurality of additively manufactured internal rein-
forcement structures (142) comprise at least one of
a plurality of metal reinforcements (144) embedded
in the concrete material (140) during additive man-
ufacture, a plurality of composite reinforcements
(144) embedded in the concrete material (140) dur-
ing additive manufacture, a plurality of concrete re-
inforcements (144) embedded in the concrete ma-
terial (140) during additive manufacture and a plu-
rality of t-studs (152) embedded in the concrete ma-
terial (140) during additive manufacture

3. Themulti-material tower section (160, 170) of claims
1-2, wherein the atleast one additively manufactured
wall structure (132) includes an inner tubular shell
(162) and an outer tubular shell (164) and wherein
the plurality of additively manufactured internal rein-
forcement structures (142) comprise a truss struc-
ture (166) spanning between the inner tubular shell
(162) and the outer tubular shell (164).
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4.

The multi-material tower section (160, 170) of claim
3, wherein the inner tubular shell (162) and the outer
tubular shell (164) are comprised of one of at least
one of a metal material, a composite material and a
concrete material and the truss structure (166) is
comprised of at least one of a metal material, a com-
posite material and a concrete material.

The multi-material tower section (160, 170) of claim
4, wherein the truss structure (166) includes one of
a sinusoidal configuration, a straight configuration,
a trapezoidal configuration and a honeycomb con-
figuration.

The multi-material tower section (130, 150, 160, 170)
of any of the preceding claims, further comprising a
coupling flange (192, 194) disposed on opposed
ends of the multi-material tower section (130, 150,
160, 170).

The multi-material tower section (130, 150, 160, 170)
of any of the preceding claims, where the at least
one multi-material tower section (130, 150, 160,
170)is formed as one of a one-piece structure or in-
cludes multiple sub-component structures coupled
together to form the at least one multi-material tower
section (130, 150, 160, 170).

A method of fabricating a wind turbine (100) having
a tower mast (102) having a longitudinal axis, the
method comprising:

depositing at least one first material by additive
manufacture to form a first portion of a multi-
material tower section (130, 150, 160, 170); and
depositing at least one additional material by ad-
ditive manufacture to form an additional portion
of the multi-material tower section (130, 150,
160, 170),

wherein the at least one first material and the at
least one additional material are not the same,
wherein depositing the at least one first material
by additive manufacture to form the first portion
of the multi-material tower section (130, 150,
160, 170) and depositing at least one additional
material by additive manufacture to form the ad-
ditional portion of the multi-material tower sec-
tion (130, 150, 160, 170) includes depositing the
at least one first material and the at least one
additional material to form a plurality of multi-
material tower sections in a nested configuration
that when extended form at least a portion of the
tower mast (102).

The method of claim 8, further comprising repeating
the process to form a plurality of multi-material tower
sections (130, 150, 160, 170) and coupling the plu-
rality of multi-material tower sections (130, 150, 160,
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170) in an end-to-end manner to form at least a por-
tion of the tower mast.

The method of claims 8-9, wherein the first portion
comprises one of a wall (132) structure or an internal
reinforcement structure (142) and the additional por-
tion is the other of a wall structure (132) or an internal
reinforcement structure (142).

Patentanspriiche

1.

Windkraftanlage (100) mit einem Turmmast (102)
mit einer Langsachse, wobei der Turmmast (102)
umfasst:

Eine Vielzahl von Multi-Material-Turmabschnitten
(130, 150, 160, 170) fur den Turmmast (102), wobei
die Vielzahl von Multi-Material-Turmabschnitten
(130) umfasst:

mindestens eine additiv hergestellte Wand-
struktur (132), die mindestens ein Material um-
fasst; und

eine Vielzahl von additiv hergestellten inneren
Verstarkungsstrukturen (142), die mindestens
ein zuséatzliches Material umfassen und mit der
mindestens einen additiv hergestellten Wand-
struktur (132) angeordnet sind,

wobei die Vielzahl von Multi-Material-
Turmabschnitten (130) derart konfiguriert ist,
dass sie sich aus einer verschachtelten Konfi-
guration verldngern kénnen, um mindestens ei-
nen Abschnitt des Turmmastes (102) zu bilden.

Multi-Material-Turmabschnitt (130, 150) nach An-
spruch 1, wobei die mindestens eine additiv herge-
stellte Wandstruktur (132) eine Wandstruktur auf-
weist, die aus einem Betonmaterial (140) besteht,
und wobei die Vielzahl additiv hergestellter innerer
Verstarkungsstrukturen (142) mindestens eine aus
einer Vielzahl von Metallverstarkungen (144) um-
fasst, die wahrend der additiven Herstellung in das
Betonmaterial (140) eingebettet werden, eine Viel-
zahl von Verbundverstarkungen (144), die wahrend
der additiven Herstellung in das Betonmaterial (140)
eingebettet werden, eine Vielzahl von Betonverstar-
kungen (144), die wahrend der additiven Herstellung
in das Betonmaterial (140) eingebettet werden, und
eine Vielzahl von T-Bolzen (152), die wahrend der
additiven Herstellung in das Betonmaterial (140) ein-
gebettet werden.

Multi-Material-Turmabschnitt (160, 170) nach An-
spriichen 1 - 2, wobei die mindestens eine additiv
hergestellte Wandstruktur (132) eine innere rohrfor-
mige Schale (162) und eine &auBere rohrférmige
Schale (164) aufweist und wobei die Vielzahl der ad-
ditiv hergestellten inneren Verstarkungsstrukturen
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(142) eine Tragstruktur (166) aufweist, die sich zwi-
schen der inneren rohrférmigen Schale (162) und
der duBeren rohrférmigen Schale (164) erstreckt.

Multi-Material-Turmabschnitt (160, 170) nach An-
spruch 3, wobei die innere rohrférmige Schale (162)
und die aufere rohrférmige Schale (164) mindes-
tens eines von einem Metallmaterial, einem Ver-
bundmaterial und einem Betonmaterial umfassen
und die Tragstruktur (166) mindestens eines von ei-
nem Metallmaterial, einem Verbundmaterial und ei-
nem Betonmaterial umfasst.

Multi-Material-Turmabschnitt (160, 170) nach An-
spruch 4, wobei die Tragstruktur (166) eine von einer
sinusférmigen Konfiguration, einer geraden Konfi-
guration, einer trapezférmigen Konfiguration und ei-
ner wabenférmigen Konfiguration umfasst.

Multi-Material-Turmabschnitt (130, 150, 160, 170)
nach einem der vorhergehenden Anspriiche ferner
umfassend einen Verbindungsflansch (192, 194)
auf, der an gegenuberliegenden Enden des Multi-
material-Turmabschnitts (130, 150, 160, 170) ange-
ordnet ist.

Multi-Material-Turmabschnitt (130, 150, 160, 170)
nach einem der vorhergehenden Anspriiche, wobei
der mindestens eine Multi-Material-Turmabschnitt
(130, 150, 160, 170) als eine einteilige Struktur aus-
gebildet ist oder mehrere Unterkomponentenstruk-
turen umfasst, die miteinander verbunden sind, um
den mindestens einen Multi-Material-Turmabschnitt
(130, 150, 160, 170) zu bilden.

Verfahren zum Herstellen einer Windkraftanlage
(100) mit einem Turmmast (102) mit einer Langs-
achse, wobei das Verfahren umfasst:

Aufbringen von mindestens einem ersten Mate-
rial durch additive Herstellung, um einen ersten
Abschnitt eines Multi-Material-Turmabschnitts
(130, 150, 160, 170) zu bilden; und
Aufbringen von mindestens einem zuséatzlichen
Material durch additive Herstellung, um einen
zusatzlichen Abschnitt des Multi-Material-
Turmabschnitts (130, 150, 160, 170) zu bilden,
wobei das mindestens eine erste Material und
das mindestens eine zusatzliche Material nicht
dasselbe sind,

wobei das Aufbringen des mindestens einen
ersten Materials durch additive Herstellung, um
den ersten Abschnitt des Multi-Material-
Turmabschnitts (130, 150, 160, 170) zu bilden,
und das Aufbringen mindestens eines zusatzli-
chen Materials durch additive Herstellung, um
den zusatzlichen Abschnitt des Multi-Material-
Turmabschnitts (130, 150, 160, 170) zu bilden,
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das Aufbringen des mindestens einen ersten
Materials und des mindestens einen zusatzli-
chen Materials umfasst, um eine Vielzahl von
Multi-Material-Turmabschnitten in einer ver-
schachtelten Konfiguration zu bilden, die, wenn
sie sich verlangern, mindestens einen Abschnitt
des Turmmasts (102) bilden.

Verfahren nach Anspruch 8, welches ferner umfasst,
das Verfahren zu wiederholen, um eine Vielzahl von
Multi-Material-Turmabschnitten (130, 150, 160, 170)
zu bilden, und die Vielzahl von Multi-Material-
Turmabschnitten (130, 150, 160, 170) in einer Ende-
an-Ende Weise zu verbinden, um zumindest einen
Abschnitt des Turmmastes zu bilden.

Verfahren nach einem der Anspriiche 8 bis 9, wobei
der erste Abschnitt eines von einer Wandstruktur
(132) oder einer internen Verstarkungsstruktur (142)
umfasst und der zusatzliche Abschnitt das andere
aus einer Wandstruktur (132) oder einer internen
Verstarkungsstruktur (142) ist.

Revendications

Turbine éolienne (100) ayant un mét de tour (102)
ayant un axe longitudinal, ledit mat de tour (102)
comprenant :

une pluralité de sections de tour multi-matériaux
(130, 150, 160, 170) pour le mat de tour (102), ladite
pluralité de sections de tour multi-matériaux (130)
comprenant :

au moins une structure de paroi fabriquée de
maniére additive (132) comprenant au moins un
matériau ; et

une pluralité de structures de renfort interne fa-
briquées de maniére additive (142) comprenant
au moins un matériau supplémentaire et dispo-
sées avec celles-ci I'au moins une structure de
paroi fabriquée de maniére additive (132),
dans laquelle la pluralité de sections de tour mul-
ti-matériaux (130) sont configurées pour étre
prolongeables depuis une configuration imbri-
quée pour former au moins une partie du mat
de tour (102).

Section de tour multi-matériaux (130, 150) selon la
revendication 1, dans laquelle I'au moins une struc-
ture de paroi fabriquée de maniere additive (132)
inclutune structure de paroi comprenant un matériau
en béton (140) et dans laquelle la pluralité de struc-
tures de renfort interne fabriquées de maniére addi-
tive (142) comprennent au moins I'un d’une pluralité
de renforts en métal (144 ) intégrés dans le matériau
en béton (140) pendant la fabrication additive, une
pluralité de renforts en composite (144) intégrés
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dans le matériau en béton (140) pendant la fabrica-
tion additive, une pluralité de renforts en béton (144)
intégrés dans le matériau en béton (140) pendant la
fabrication additive et une pluralité de goujons en t
(152) intégrés dans le matériau en béton (140) pen-
dant la fabrication additive

Section de tour multi-matériaux (160, 170) selon les
revendications 1 a 2, dans laquelle I'au moins une
structure de paroi fabriquée de maniere additive
(132) inclut une coque tubulaire intérieure (162) et
une coque tubulaire extérieure (164) etdans laquelle
lapluralité de structures de renfortinterne fabriquées
de maniere additive (142) comprennent une struc-
ture en treillis (166) s’étendant entre la coque tubu-
laire intérieure (162) et la coque tubulaire extérieure
(164).

Section de tour multi-matériaux (160, 170) selon la
revendication 3, dans laquelle la coque tubulaire in-
térieure (162) et la coque tubulaire extérieure (164)
comprennent I'un d’au moins 'un d’'un matériau en
métal, un matériau en composite et un matériau en
béton et la structure en treillis (166) comprend au
moins I'un d’un matériau en métal, un matériau en
composite et un matériau en béton.

Section de tour multi-matériaux (160, 170) selon la
revendication 4, dans laquelle la structure en treillis
(166) inclut 'une d’'une configuration sinusoidale,
une configuration droite, une configuration trapézoi-
dale et une configuration en nid d’abeille.

Section de tour multi-matériaux (130, 150, 160, 170)
selon l'une quelconque des revendications précé-
dentes, comprenant en outre une bride de couplage
(192, 194) disposée sur des extrémités opposées
de la section de tour multi-matériaux (130, 150, 160,
170).

Section de tour multi-matériaux (130, 150, 160, 170)
selon l'une quelconque des revendications précé-
dentes, ou 'au moins une section de tour multi-ma-
tériaux (130, 150, 160, 170) est formée en tant que
I'une d’une structure monobloc ou inclut de multiples
structures de sous-composants couplées ensemble
pour former I'au moins une section de tour multi-
matériaux (130, 150, 160, 170).

Procédé de fabrication d’'une turbine éolienne (100)
ayantun mét de tour (102) ayant un axe longitudinal,
le procédé comprenant :

le dépbt d’au moins un premier matériau par fa-
brication additive pour former une premiére par-
tie d’'une section de tour multi-matériaux (130,
150, 160, 170) ; et

le dép6td’au moins un matériau supplémentaire



10.

21 EP 3 775 438 B9

par fabrication additive pour former une partie
supplémentaire de la section de tour multi-ma-
tériaux (130, 150, 160, 170),

dans lequel 'au moins un premier matériau et
'au moins un matériau supplémentaire ne sont
pas les mémes,

dans lequel le dépbt de I'au moins un premier
matériau par fabrication additive pour former la
premiére partie de la section de tour multi-ma-
tériaux (130, 150, 160, 170) et le dépot d’au
moins un matériau supplémentaire par fabrica-
tion additive pour former la partie supplémentai-
re de la section de tour multi-matériaux (130,
150, 160, 170) inclut le dépdt de I'au moins un
premier matériau et de 'au moins un matériau
supplémentaire pour former une pluralité de
sections de tour multi-matériaux dans une con-
figuration imbriquée quilorsqu’elles sont prolon-
gées forment au moins une partie du mat de tour
(102).

Procédé selon la revendication 8, comprenant en
outre la répétition du processus pour former une plu-
ralité de sections de tour multi-matériaux (130, 150,
160, 170) et le couplage de la pluralité de sections
de tour multi-matériaux (130, 150, 160, 170) dans
une maniére d’extrémité a extrémité pour former au
moins une partie du mat de tour.

Procédé selon les revendications 8 a 9, dans lequel
la premiere partie comprend I'une d’une structure de
paroi (132) oud’une structure de renfortinterne (142)
et la partie supplémentaire est I'autre d’'une structure
de paroi (132) ou d’une structure de renfort interne
(142).
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