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(54) Wind turbine component having a lightweight structure

(57) A wind turbine component 10 having a light-
weight structure is provided and includes a metallic ma-
trix 20 defining a cavity 21, metallic foam 30 enclosed

within the cavity 21 and a solidification metallurgical bond
40 formed at an entire interface 41 between the metallic
matrix 20 and the metallic foam 30.
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Description

[0001] The subject matter disclosed herein relates
generally to a wind turbine component and, more partic-
ularly, to a wind turbine component having a lightweight
structure.
[0002] Wind turbine powertrain components are often
subject to large vibrational stresses. These vibrations can
lead to premature failure of powertrain components and
significant noise generation.
[0003] According to one aspect of the invention, a wind
turbine component having a lightweight structure is pro-
vided and includes a metallic matrix defining a cavity,
metallic foam enclosed within the cavity and a solidifica-
tion metallurgical bond formed at an entire interface be-
tween the metallic matrix and the metallic foam.
[0004] According to another aspect of the invention, a
method to form a wind turbine component configured to
have a lightweight structure is provided and includes
shaping a mold cavity between metallic foam and an ex-
terior mold, filling a molten metallic matrix into the mold
cavity to enclose the metallic foam and, as the molten
metallic matrix cools, forming a solidification metallurgi-
cal bond at an entire interface between the metallic matrix
and the metallic foam.
[0005] According to yet another aspect of the invention,
a method to form a wind turbine component configured
to have a lightweight structure is provided and includes
shaping a mold cavity within a metallic matrix having an
opening, filling the mold cavity with molten metallic ma-
terial and a foaming agent, closing the opening such that
the metallic matrix encloses the mold cavity and, as the
molten metallic material cools and foams within the mold
cavity, forming a solidification metallurgical bond at an
entire interface between the metallic matrix and the me-
tallic foam.
[0006] Various advantages and features will become
more apparent from the following description taken in
conjunction with the drawings.
[0007] The subject matter, which is regarded as the
invention, is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features, and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings in which:

FIG. 1 is a schematic view of a wind turbine compo-
nent configured to have a lightweight structure in ac-
cordance with embodiments;

FIG. 2 is a schematic view of a solidification metal-
lurgical bond line;

FIG. 3 is a cross-sectional view of a wind turbine
component configured to have a lightweight struc-
ture in accordance with alternate embodiments;

FIG. 4 is a cross-sectional view of a wind turbine
component configured to have a lightweight struc-
ture in accordance with alternate embodiments;

FIG. 5 is an illustration of a method of forming a wind
turbine component having a lightweight structure ac-
cording to embodiments;

FIG. 6 is an illustration of a substantially finished wind
turbine component having a lightweight structure;

FIG. 7 is an illustration of a method of forming a wind
turbine component having a lightweight structure ac-
cording to embodiments;

FIG. 8 is an illustration of a substantially finished wind
turbine component having a lightweight structure;

FIG. 9 is an illustration of a method of forming a wind
turbine component having a lightweight structure ac-
cording to alternative embodiments; and

FIG. 10 is an illustration of a substantially finished
wind turbine component having a lightweight struc-
ture.

[0008] The detailed description explains embodiments
of the invention, together with advantages and features,
by way of example with reference to the drawings.
[0009] In accordance with various aspects, a vibration
damping noise reduction lightweight structure is provided
for use as a multi-ton component of various types of ap-
paratuses. These apparatuses may include, for example,
wind turbines and similar components of power genera-
tion plants. The lightweight structure may include, for ex-
ample, hollow tubing and/or castings of metallic materials
filled by foams of metallic materials with a solidification
metallurgical bond formed at an entire interface between
the metallic materials and the foams.
[0010] With reference now to FIG. 1, a wind turbine
component configured to have a lightweight structure 10
to provide vibration damping and noise reduction is pro-
vided. The lightweight structure 10 includes a metallic
matrix 20 formed to define a cavity 21, metallic foam 30
enclosed within the cavity 21 and a solidification metal-
lurgical bond 40. The metallic matrix 20 may include any
metal or metal alloy, such as, for example, aluminum,
magnesium, iron, nickel, titanium, cobalt, copper, chro-
mium and alloys thereof. The metallic foam 30 may sim-
ilarly include any metal or metal alloy, such as, for exam-
ple, aluminum, magnesium, iron, nickel, titanium, cobalt,
copper, chromium and alloys thereof along with a foam-
ing agent that eventually evolves outwardly or is dis-
persed evenly throughout. The metallic foam 30 may also
include ceramic foam mixed into or arranged in coaxial
layers with the metallic foam 30.
[0011] With reference to FIG. 2, the solidification met-
allurgical bond 40 is formed at an entire interface between
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the metallic matrix 20 and the metallic foam 30 and in-
cludes an interface region 41 in which eutectic precipi-
tates 42 or, for some materials, eutectic-type precipitates
form on solidification. Additional regions 43, 44 where at
least one of grain growth and partial re-crystallization oc-
curs may also be formed in solid-state on opposite sides
of the newly solidified interface region 41. The additional
regions 43, 44 are respectively interposed between the
interface region 41 and the main body of the metallic
matrix 20 on one side and between the interface region
41 and the main body of the metallic foam 30 on the other
side. The interface region 41 may be substantially wider
than the additional regions 43, 44.
[0012] With reference to FIGS. 3 and 4, the wind tur-
bine component configured to have the lightweight struc-
ture 10 may be provided for use as a multi-ton complex
shaped component of an apparatus such as, for example,
a wind turbine and/or similar components of power gen-
eration plants (i.e., wind turbine gearbox housings or bed-
plates). For example, as shown in FIG. 3, the lightweight
structure 10 may be provided for use in a cast housing
torque arm 11 of a gearbox that may be several feet in
diameter and may weigh several tons. Alternatively, the
lightweight structure 10 may be provided for use in a wind
turbine casing 12, as shown in FIG. 4. In each example,
the lightweight structure 10 is formed as an annular mem-
ber within a core of the larger apparatus to at least allow
the apparatus to maintain its strength and to decrease
an overall weight and vibration of the apparatus.
[0013] In the case of the wind turbine, by replacing con-
ventional multi-ton components with simple or complex
shapes with the lightweight structure 10, the height of the
wind turbine can be increased as necessary to comply
with local regulations and to place the rotor blades in the
wind stream as much as possible. Due to the resulting
decrease in the overall weight of the wind turbine, oper-
ational noise and wind turbine vibrations may be damp-
ened. Moreover, since wind turbines configured to have
lightweight components are increasingly flexible in terms
of being usable in various environments and localities,
the use of wind power as an alternate source of energy
may increase.
[0014] With reference to FIGS. 5 and 6, a method to
form the lightweight structure 10 is provided. The method
includes shaping a mold cavity 100 between a metallic
foam 101, materials of which are similar to those of the
metallic foam 30 described above, and an exterior mold
102 of, for example, packed sand or permanent steel
molds. The method further includes filling (i.e., mold fill-
ing) the mold cavity with 100 a molten metal to form a
metallic matrix 103, materials of which are similar to those
of the metallic matrix 20 described above. As the molten
metallic matrix 103 cools following the filling operation,
the method also includes allowing for formation of a so-
lidification metallurgical bond 104, which is similar in
terms of structure and formation processes to the solid-
ification metallurgical bond 40 described above, at an
entire interface between the metallic matrix 103 and the

metallic foam 101.
[0015] The shaping may include cleaning a surface of
the metallic foam 101 by at least one or more of sand
blasting, grit blasting, dry ice blasting, electrolytic clean-
ing, acid cleaning to create desired surface topography
and by the removal of oxides and/or other non-metallic
surface compounds. The shaping may further include
pre-heating the metallic foam 101 to limit or prevent
cracking or porosity upon exposure thereof to the heat
of the molten metal of the metallic matrix 103. The method
may also include forming a sacrificial layer 105 about a
surface of the metallic foam 101 to further limit or prevent
cracking or to assist with bonding. This sacrificial layer
105 will be consumed by the molten metallic materials
103 upon the filling operation or will otherwise be dis-
persed throughout the lightweight structure 10 such that
the solidification metallurgical bond 104 can be formed
at the entire interface between the metallic matrix 103
and the metallic foam 101. Still further, the method may
also include defining core regions 106 in the mold cavity
by, for example, inserting cores therein. These cores may
be formed to, for example, survive the filling operation
such that, following the filling operation, the cores can be
removed with the core regions 106 left in tact.
[0016] Once the metallic matrix 103 has solidified and
cooled by a predefined degree, the method may further
include conducting a heat treatment, such as at least one
of a solution heat treatment to improve the solidification
metallurgical bond 104 and an age heat treatment de-
pending on a type of materials being used for the metallic
matrix 103 and the metallic foam 101.
[0017] With reference to FIGS. 7 and 8, the shaping
described above may be conducted in accordance with
a lost foam process whereby the shaping includes build-
ing an expendable foam pattern 107 about a surface of
the metallic foam 101 in the mold cavity 100, coating a
surface of the foam pattern 107 with, for example, a re-
fractory coating 108 or some other similar coating and
surrounding the entire expendable foam pattern 107 and
the refractory coating 108 with sand and then burning
out the expendable foam pattern 107 during the filling
operation. The refractory coating 108 may be formed of
silica, graphite or another similar material such that the
refractory coating 108 permits the reacted products of
the expendable foam pattern 107 to move out of the mold
cavity 100 during the casting operation. With the expend-
able foam pattern 107 being replaced by molten metal,
the metallic matrix 103 is formed around the metallic foam
101 similarly as described above. The use of such a lost
foam process may permit generation of a better solidifi-
cation metallurgical bond and may allow for control of
bonding depth to permit formation of particular shapes
and prevention of a shifting of preformed metallic foam
inserts.
[0018] With reference to FIGS. 9 and 10, a method to
form the lightweight structure 10 in accordance with al-
ternative embodiments is provided. The method includes
shaping a mold cavity 200 within a metallic matrix 201
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having an opening 2010 formed therein, filling (i.e., mold
filling) the mold cavity 200 with molten metallic material
202 and a foaming agent 203 via the opening 2010 and
closing the opening 2010 such that the metallic matrix
201 encloses the mold cavity 200. The method further
includes allowing, as the molten metallic material 202
cools and foams within the mold cavity 200, for formation
of a solidification metallurgical bond 204 at an entire in-
terface between the metallic matrix 201 and the previ-
ously molten and now foamed metallic material 202.
[0019] The shaping may include cleaning a surface of
the metallic matrix 201 by at least one or more of sand
blasting, grit blasting, dry ice blasting, electrolytic clean-
ing, acid cleaning to create desired surface topography
and by the removal of oxides and/or other non-metallic
surface compounds. The shaping may further include
pre-heating the metallic matrix 201 to limit or prevent
cracking or porosity upon exposure to the molten metallic
material 202. The method may also include forming a
sacrificial layer 205 similar to the sacrificial layer de-
scribed above about a surface of the metallic matrix 201
to further limit or prevent cracking or to assist with bond-
ing. Still further, the method may also include defining
core regions 206 in the mold cavity 200 by, for example,
inserting cores therein in a process similar to what is de-
scribed above. The inserted cores can be removed once
solidification is complete by way of a through-hole or a
similar feature formed in the metallic matrix 201.
[0020] Once the metallic matrix 201 has cooled by a
predefined degree, the method may further include con-
ducting at least one of a solution heat treatment to im-
prove the solidification metallurgical bond 204 and an
age heat treatment.
[0021] In accordance with still further embodiments,
the methods described above may also include control-
ling a distribution of the metallic material in the metallic
foam 30 in accordance with known methods.
[0022] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

Claims

1. A method to form a wind turbine component (10)
configured to have a lightweight structure, the meth-
od comprising:

shaping a mold cavity (21) between metallic
foam (30) and an exterior mold (102);
filling a molten metallic matrix (20) into the mold
cavity (21) to enclose the metallic foam (30); and
as the molten metallic matrix (20) cools, forming
a solidification metallurgical bond (40) at an en-
tire interface (41) between the metallic matrix
(20) and the metallic foam (30).

2. The method according to claim 1, further comprising
controlling a distribution of metallic material in the
metallic foam (30).

3. The method according to any preceding claim,
wherein the shaping comprises at least one or more
of cleaning a surface of the metallic foam (30) and
pre-heating the metallic foam (30).

4. The method according to any preceding claim, fur-
ther comprising forming a sacrificial layer (105) about
a surface of the metallic foam (30).

5. The method according to any preceding claim, fur-
ther comprising defming core regions (106) in the
mold cavity (21).

6. The method according to any preceding claim, fur-
ther comprising conducting a heat treatment to im-
prove the solidification metallurgical bond (40).

7. The method according to any preceding claim,
wherein the shaping comprises:

building an expendable foam pattern (107) in
the mold cavity (21);
coating a surface of the expendable foam pat-
tern (107); and
burning out the expendable foam pattern (107)
around preformed metallic foam inserts during
the filling.

8. The method according to any preceding claim, fur-
ther comprising forming the metallic matrix (20) and
the metallic foam (30) as a multi-ton, complex
shaped component with annular and angular fea-
tures.

9. A method to form a wind turbine component (10)
configured to have a lightweight structure, the meth-
od comprising:

shaping a mold cavity (21) between metallic
foam (30) and an exterior mold (102);
building a coated expendable foam pattern
(107) in the mold cavity (21);
filling a molten metallic matrix (20) into the mold
cavity to enclose the metallic foam such that the
expendable foam pattern is burned out around
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preformed metallic foam inserts during the fill-
ing; and
as the molten metallic matrix (20) cools, forming
a solidification metallurgical bond (40) at an en-
tire interface (41) between the metallic matrix
(20) and the metallic foam (30).
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