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Figure 1

(57) Abstract: A method of manufacturing a mold tool (82), the method including the steps of: a) providing a contiguous array (16)
of a plurality of bodies (18) composed of a cellular material; b) selectively moving individual bodies of the array to a respective
desired position to define a three-dimensional profile (28) formed by the array of bodies, the three-dimensional profile having a three-
dimensionally shaped surface (30); c) applying a support layer (40) to the three-dimensionally shaped surface to form a unitary mold
precursor (42) comprising the array of bodies attached together by the support layer; d) machining a surface (58) of the unitary mold
precursor opposite to the support layer, the surface being composed of the array of bodies, to form a first smoothened surface (60) of
the three-dimensional profile; and e) forming a molding surface (84) on the first smoothened surface. Also disclosed is a mold tool
made by the method which can avoid the requirement to use a conventional plug.
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Mold Tool and Method of Manufacture Thereof

Technical Field of the Invention

The present invention relates to a mold tool and to a method of manufacturing
a mold tool. The present invention has particular application to the
manufacture of large molds for manufacturing parts from composite materials,
for example wind turbine blade molds, molds for marine craft and mold for

aerospace parts.

Technical Backeround of the Invention

With the development of science and technology, wind power as a safe and
green renewable energy has developed rapidly. In recent years, the production
technology of wind turbine blades has been continuously developed and
improved. Current wind turbine blades typically have a length of more than
50 metres and are molded out of fiber reinforced resin composite material.
Accordingly, exceedingly large molds are required which have a mold surface

corresponding to the dimensions of the wind blade to be molded.

It 1s known to produce typical wind turbine blade molds using a “plug”,
which is a body on which the molding surface is constructed. The
manufacture of a conventional plug for a large mold is expensive, and an
individual single-use plug must be made for each mold tool that is

manufactured.
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There 1s a need to reduce the cost of producing a large mold tool, and
avoiding the cost and associated inefficiency of the use of traditional

single-use plugs for large mold tool manufacture.
Furthermore, there 1s a need for a method of manufacturing a mold tool which
has a high degree of automation to reduce production costs, coupled with

accuracy to produce a highly accurate A-surface finish to the mold tool.

Aim of the Invention

The present invention aims effectively to solve the problems with known
mold tool manufacture, and aims in particular to provide a mold tool

manufacturing method which can avoid the requirement to use a conventional

plug.

Summary of the Invention

The present invention, in a first aspect, accordingly provides a method of
manufacturing a mold tool, the method including the steps of:
a) providing a contiguous array of a plurality of bodies composed of a
cellular material;
b) selectively moving individual bodies of the array to a respective
desired position to define a three-dimensional profile formed by the
array of bodies, the three-dimensional profile having a
three-dimensionally shaped surface;
c) applying a support layer to the three-dimensionally shaped surface to
form a unitary mold precursor comprising the array of bodies

attached together by the support layer;
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d) machining a surface of the unitary mold precursor opposite to the
support layer, the surface being composed of the array of bodies, to
form a first smoothened surface of the three-dimensional profile; and

e) forming a molding surface on the first smoothened surface.

There 1s further provided, in accordance with a second aspect of the present
invention, a mold tool for molding a fiber-reinforced resin matrix composite
material, the mold tool comprising a molding layer structure defining a
molding surface, a core layer having opposite first and second surfaces, the
core layer comprising a contiguous array of a plurality of bodies of cellular
material, each body extending between the first and second surfaces, each of
the first and second surfaces being machined to define a respective continuous
three-dimensional profile, wherein the molding layer structure is molded to
the first surface of the core layer, and a support layer molded to the second
surface of the core layer, wherein the support layer attaches together the

plurality of bodies of cellular material.

Preferred features of both aspects of the present invention are defined in the

dependent claims.

The preferred embodiments of the present invention can provide a
reusable/changeable plug to make mold tool which can have the structure,
properties and advantages of a traditional plug-constructed mold tool but
avoids the need for a single-use traditional plug. The mold tool manufacturing
method uses a shaping device, which is typically a rigid automated device
composed of a dense, evenly distributed field of vertical cylinders capable of
lifting cellular material bodies (e.g. polymeric foam or balsa blocks) into
temporary position for use in making direct molds using a computer

numerically controlled (CNC) machining process, or as reusable plug.
3
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Furthermore, the preferred embodiments of the present invention can provide
a temporary direct mold, without using a traditional high cost single use plug,
which can be used for making low cost prototype mold tools, and
corresponding prototype molded articles. Of course, alternatively the
preferred embodiments of the present invention can provide a mold tool to be

used 1n the full commercial mass production of direct, plug-free, mold tools.

The preferred embodiments of the present invention can provide a mold tool
which can be used to manufacture fiber-reinforced resin composite materials,
or any other materials that can be molded by a mold tool comprising a mold
surface composed of composite material. The mold tool may be used for
molding final articles or products, such as wind turbine blades, marine parts
or aerospace parts, or for preforming fabrics and cores for use in composite
material, e.g. wind turbine blade, manufacture. The mold tool can be used for
molding materials other than composite materials, such as concrete forms for

large structures such as bridges or other industrial large scale products.

Brief Description of the Drawings

Embodiments of the present invention will now be described by way of
example only, with reference to the accompanying drawings, in which:

Figure 1 1s an schematic side view of a shaping device mounting a plurality of
bodies of cellular material for use in a method of manufacturing a mold tool
according to an embodiment of the present invention;

Figure 2 1s a schematic side view of the shaping device as illustrated in Figure
1 after movement of actuator devices therein to form a three-dimensional
profile of the bodies of cellular material;

Figure 3 is a schematic side view of machining step to the three-dimensional

profile of Figure 2;
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Figure 4 is a schematic side view of the machined three-dimensional profile
of Figure 3;

Figure 5 is a schematic side view of the machined three-dimensional profile
of Figure 4 after lamination of a composite material layer;

Figure 6 is a schematic side view of the attachment of a frame to the
composite material layer illustrated in Figure 5;

Figure 7 is a schematic side view of the raising of the frame illustrated in
Figure 6;

Figure 8 is a schematic side view of the rotating of the frame illustrated in
Figure 7;

Figure 9 is a schematic side view of the machining of the three-dimensional
profile of the unitary mold precursor on the rotated frame illustrated in Figure
8;
Figure 10 is a schematic side view of the machined three-dimensional profile
of Figure 9 after lamination of a composite material layer;

Figure 11 1s a schematic side view of the application of a heating wire
assembly on the composite material layer of Figure 10;

Figure 12 is a schematic side view of the three-dimensional profile of Figure
11 after lamination of a further composite material layer;

Figure 13 is a schematic side view of the machining of the three-dimensional
profile of the further composite material layer illustrated in Figure 12;

Figure 14 is a schematic side view of the spraying of a top coat layer over the
machined further composite material layer illustrated in Figure 13;

Figure 15 1s a schematic perspective view of a mold tool after sanding the top
coat layer illustrated in Figure 14; and

Figure 16 1s an enlarged cross-section through a portion of the mould tool

illustrated in Figure 15.
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Detailed Description of the Preferred Embodiments

Referring to Figure 1, there 1s shown a shaping device 2 for use in a method
of manufacturing a mold tool, typically a mold tool for molding a
fiber-reinforced resin matrix composite material, in accordance with a first
embodiment of the present invention. The mold tool most typically is shaped
and dimensioned to mold a wind turbine blade or a portion thereof, although
alternatively the mold tool may be shaped and dimensioned to mold a marine
component, such as a boat hull, or an aerospace component, such as a

fuselage panel or portion.

In accordance with the method of the illustrated embodiment of the present
invention, the shaping device 2 is provided. The shaping device 2 comprises
an array 4 of mutually aligned actuatable devices 6. Typically, the array 4 1s a
linear array in one dimension. Alternatively, the array 4 extends in two
orthogonal directions to form a two-dimensional array. Each actuatable
device 6 comprises a movable element 8 individually movable over an
operating range between opposite end positions. Each movable element 8 has
a free end 10. Typically, the shaping device 2 extends in a horizontal direction
or plane and the movable element 8 1s individually movable over the
operating range between a raised position and a lowered position. In the
preferred embodiment, the movable element 8 is an extendable piston element
12 mounted in a fixed cylinder assembly 14, and typically the actuatable
device 6 1s a hydraulic piston and cylinder assembly. The piston element 12 is
individually movable over the operating range between an extended raised

position and a lowered retracted position.

As shown in Figure 1, a contiguous array 16 of a plurality of bodies 18, each

6
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composed of a cellular material, 1s provided by mounting each of the bodies
18 to a respective free end 10 of a movable element 8. In the illustrated
embodiment, each body 18 is mounted to a respective free end 10, so that
each free end 10 has one body 18 thereon, however, in an alternative
embodiment a plurality of adjacent bodies 18 is mounted to a respective free
end 10. The array 16 of bodies 18 1s mounted on, and temporarily affixed to,
the shaping device 2; for example, the plurality of bodies 18 are temporarily
affixed to the free ends 10 using vacuum suction between the bodies 18 and
the free ends 10. The free end 10 may be shaped as a planar plate member,
optionally with raised peripheral edges, the plate extending orthogonal to the
axis of motion of the movable element 8, for securely supporting the body 18

of cellular material.

The cellular material typically comprises a polymeric foam or balsa wood. As
will be described hereinafter, the cellular material forms a central core layer

of the resultant mold tool.

Each body 18 is preferably an elongate element 20 having a regular
cross-section orthogonal to an elongate direction of the elongate element 20
(the elongate direction being orthogonal to the plane of the drawing of Figure
1). The regular cross-section 1is preferably a rectangular or square
cross-section. Each elongate element 20 has opposite elongate side surfaces
22, which are typically planar, and an upper surface 24, which is preferably
planar. Preferably, each elongate element 20 has (1) a length, which is in an
elongate direction of the elongate element 20, which is from 0.1 to 1 meters;
(11) a width, which is orthogonal to an elongate direction of the elongate
element 20 and defines a width of the upper surface 24, which is from 0.1 to 1

meters; and (ii1) a height, which is orthogonal to both the width, and an

7



WO 2020/010600 PCT/CN2018/095546

elongate direction, of the elongate element 20, which is from 0.1 to 1 meters.

Preferably, the opposed elongate side surfaces 24 of respective adjacent
elongate elements 20 are mutually spaced by a gap 26. Typically, the gap

has a width of from 0.1 to 3 mm.

Referring to Figure 2, the method includes the subsequent step of selectively
moving individual bodies 18 of the array 16 to a respective desired position to
define a three-dimensional profile 28 formed by the array 16 of bodies 18.
The three-dimensional profile 28 has a three-dimensionally shaped surface 30.
The three-dimensionally shaped surface 30 i1s opposite to the array 16 of
actuatable devices 6. The movement is achieved by selectively actuating the
actuatable devices 6 to cause each movable element 8 to be individually
moved to a desired position within the respective operating range to define
the three-dimensionally shaped surface 30 formed by the array 16 of bodies
18. When the bodies 18 have a planar upper surface, the three-dimensionally

shaped surface 30 is a stepped surface, as shown in Figure 2.

In a preferred embodiment, the actuatable devices 6 of the shaping device 2
are connected to a control system 32 which includes an input module 34
adapted to receive an input command to define a desired three-dimensionally
shaped surface and an output module 36 which is adapted, in response to the
input command, to cause the actuatable devices 6 to be operated so that each
movable element 8 1s individually moved to a desired position within the
respective operating range to define the desired three-dimensionally shaped

surface 30.

Referring to Figure 3, the method includes the subsequent step of machining

the stepped surface 30 of the three-dimensional profile 28 to form a

8
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smoothened surface 38 of the three-dimensional profile 28. The machining
step uses computerized numerical controlled three-dimensional movement of
a machining head 39 which is moved over the surface 30 of the
three-dimensional profile 28. Preferably, during the machining step the
surface 30 of the three-dimensional profile 28 is upwardly oriented; however,
that surface 30 may be oriented in any other direction, provided that the
bodies 18 remain securely affixed to the free ends 10 during the machining
step. The machined,

smoothened surface 38 of the three-dimensional profile 28 shapes a B-surface,
1.e. non-molding surface, of the resultant mold tool, as described hereinafter.
Figure 4 shows the smoothened surface 38 after completion of the machining

step.

Referring to Figure 5, the method includes the subsequent step of applying a
support layer 40 to the three-dimensionally shaped surface 38 to form a
unitary mold precursor 42 comprising the array 16 of bodies 18 attached
together by the support layer 40. The support layer 40 1s applied by applying a
first fiber-reinforced resin matrix composite material 44 to the
three-dimensionally shaped surface 38. The first fiber-reinforced resin matrix
composite material typically comprises a fiberglass-reinforced thermosetting
resin, for example an epoxy resin, having a thickness of from 2 to 10 mm.
The support layer 40 1s typically hand-laminated over the three-dimensionally
shaped surface 38. The support layer 40 defines an outermost support

surface 46 of the unitary mold precursor 42.

Referring to Figure 6, the method includes the subsequent step of attaching a
support frame 48 to the support surface 46 of the unitary mold precursor 42.

The support frame 48 comprises a framework 50 of structural members 51,

9
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for example steel bars welded or otherwise affixed together, which has
mounted thereto a body 52 having a three-dimensionally shaped outer surface
54 which substantially corresponds to the shape and dimensions of the
resultant molding surface of the mold tool to be manufactured. The body 52 is
typically known to those skilled in the art of mold manufacture as a “plug”
and 1s used to assist the shaping of the molding surface to the desired
three-dimensionally shaped profile. As will be apparent from the disclosure
herein, in accordance with the preferred embodiments of the present invention
the body 52 constitutes a re-usable “plug”, which can be used to manufacture

a succession of mold tools.

The three-dimensionally shaped outer surface 54 of the body 52 has an array
of a plurality of attachment devices 56, for example suction cups 56, for
temporarily fixing the unitary mold precursor 42 to the support frame 48.
Preferably, the support frame 48 is attached to the support layer 40 of the
unitary mold precursor 42 using vacuum suction between the support frame

48 and the support layer 40.

Referring to Figure 7, the method includes the subsequent step of moving the
support frame 48 and the unitary mold precursor 42, which is attached thereto,
so that the surface 58 of the unitary mold precursor 42 opposite to the support
layer 40 is exposed. This step 1s achieved by initially releasing any temporary
fixing between the array 16 of bodies 18 and the shaping device 2, for
example by releasing the vacuum suction applied between the free ends 10
and the bodies 18. Thereafter, the support frame 48, carrying the unitary mold

precursor 42, 1s raised away from the shaping device 2.

Referring to Figures 8 and 9, the method preferably includes the subsequent

10
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step of rotating the support frame 48, carrying the unitary mold precursor 42,
about a horizontal axis and about an angle of 180 degrees so that the surface
58 of the unitary mold precursor 42 opposite to the support layer 40 is
upwardly oriented and exposed. Thereafter, the surface 58, the surface being
composed of the array 16 of bodies 18, is machined to form a smoothened
surface 60 of the three-dimensional profile. The machined, smoothened
surface 60 of the three-dimensional profile 28 shapes an A-surface, 1.e. a
molding surface, of the resultant mold tool, as described hereinafter. The
machining step uses computerized numerical controlled three-dimensional
movement of a machining head 62, which may be the same machining head
39 described with respect to Figure 3, which 1s moved over the exposed
surface 58 of the unitary mold precursor 42. Again, during the machining step
the exposed surface 58 of the unitary mold precursor 42 is preferably

upwardly oriented, but may alternatively be oriented in any other direction.

Referring to Figures 10 to 15, the method includes the subsequent step of
forming a molding surface on the smoothened surface 60. This step preferably

includes a number of sub-steps.

Figure 10 shows that a second fiber-reinforced resin matrix composite
material 64 is applied to the smoothened surface 60. Typically, the second
fiber-reinforced resin matrix composite material 64 comprises a
fiberglass-reinforced thermosetting resin, for example epoxy resin, forming a

layer 66 having a thickness of from 2 to 10 mm, for example 4 mm.

Next, as shown in Figure 11, a heating wire assembly 68 is applied over the
second fiber-reinforced resin matrix composite material 64. Such a heating

wire assembly 68 for incorporation into mold tools is well known to those

11
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skilled in the art of mold manufacture, particularly molds for manufacturing
wind turbine blades, for example as disclosed in WO-A-2014/113970 in the
name of Suzhou Red Maple Wind Blade Mold Co Ltd.

Thereafter, as shown in Figure 12, the second fiber-reinforced resin matrix
composite material 64, and the heating wire assembly 68 when present, is
covered by a third fiber-reinforced matrix resin composite material. Initially,
a layer of fibers 70 is applied to the second fiber-reinforced resin matrix
composite material, and subsequently a polymeric resin, in liquid form, is
infused into the layer of fibers 70 to form a layer 72 of a third fiber-reinforced
matrix resin composite material. The fibers may be composed of synthetic
fibers (such as glass, carbon, polyamide, etc) or natural fibers (such as flax,
hemp, cotton, etc), and preferably the fibers are natural fibers composed of

flax.

Subsequently, as shown in Figure 13, an exposed surface 74 of the third
fiber-reinforced matrix resin composite material 72 is machined to form a
smoothened surface 76 of the third fiber-reinforced matrix resin composite
material layer 74. The machining step uses computerized numerical
controlled three-dimensional movement of a machining head 78, which may
be the same machining head 39 described with respect to Figure 3, which is
moved over the exposed surface 74 of the third fiber-reinforced matrix resin
composite material 72. Again, during the machining step the exposed surface
74 1s preferably upwardly oriented, but may alternatively be oriented in any

other direction.

Subsequently, as shown in Figure 14, a resin-containing top coat layer 80 is

sprayed over the smoothened surface 76 of the third fiber-reinforced matrix

12
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resin composite material layer 74.

Finally, as shown in Figure 15, the top coat layer 80 1s sanded to from a mold
tool 82 a molding surface 84 having an A-surface finish of the desired surface

quality and fineness.

In alternative embodiments, the third fiber-reinforced matrix resin composite
material layer 74 may be omitted and, optionally, the second fiber-reinforced
matrix resin composite material 64 may be machined or otherwise prepared or
finished to form an A-surface molding surface. The use of the heating wire
assembly 68 may be entirely omitted, for example for smaller mold tools or
for mold tools not intended to be used for molding thermosetting resins, such
as epoxy resin. In alternative embodiments, the top coat layer 80 and sanding

may be omitted.

Consequently, the resultant mold tool 82, which is suitable for molding a
fiber-reinforced resin matrix composite material, has a specific multilaminar

construction.

Figure 16 is an enlarged cross-section through a portion of the mould tool 82.
The drawing is highly schematic, and for the purpose of clarity of illustration
some dimensions are exaggerated and the mould tool is illustrated as being

planar rather than three-dimensionally curved.

The mold tool 82 comprises a molding layer structure 86 defining the
molding surface 84. A core layer 88 has opposite first and second surfaces
90, 92. The core layer 88 comprises the contiguous array 16 of the plurality of

bodies 18 of cellular material. Each body 18 extends between the first and

13
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second surfaces 90, 92. Each of the first and second surfaces 90, 92 is

machined to define a respective continuous three-dimensional profile 94, 96.

The molding layer structure 86 1s molded to the first surface 90 of the core
layer 88. The support layer 40 1s molded to the second surface 92 of the
core layer 88, and attaches together the plurality of bodies 18 of cellular

material.

Typically, the mold tool 82 is shaped and dimensioned to mold a wind turbine
blade or a portion thereof. Such a wind turbine blade mold tool 82 typically
has a length of at least 30 metres, and more typically a length of at least 50
metres. Alternatively, the mold tool 82 may be shaped and dimensioned to
mold a marine component, such as a boat hull, or an aerospace component,

such as a fuselage panel or portion.

Typically, the mold tool 82 comprises a section of an entire mold tool. In
particular, when the desired entire mold tool has one or more dimensions, in
particular a length,  which exceeds the length of the computer numerically
controlled (CNC) machine, or if the design of the entire mold requires
specific splits in the entire mold tool, for example for shipping purposes, the
mold tool made buy the method comprises a section of an entire larger mold
tool, and a series of sections can be individually manufactured to produce the
entire mold tool in sections to be subsequently assembled together. The
sections may be assembled together by conventional laminating steps, for
example by infusion of a fiberglass laminate across the joint between adjacent

sections.

The sections may be assembled together during the laminating step illustrated

in Figure 10. In particular, a plurality of mold precursor elements, each having

14
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a respectively shaped machined, smoothened surface 60 of the
three-dimensional profile 28, are assembled together to form an entire mold
tool precursor, and then during the step illustrated in Figure 10 the second
fiber-reinforced resin matrix composite material 64 is applied to the entire
assembled smoothened surface 60. The subsequent steps of Figures 11 to 14

are carried out on the entire assembly.

The step illustrated in Figure 13 may be CNC process carried out on the entire
assembled mold tool. The CNC machine may be correspondingly adapted as
required to operate over long distances, for example up to 80m which is a
typical current distance of a high-load wind turbine blade. Typically, the CNC
machine may be movably mounted for longitudinal motion along a gantry,
designed to any given length required, which can perform the machining
operation on the required surface as shown in Figures 3, 9 and 11 and as
described above. The gantry and CNC machine may also subsequently be
used to perform fiber layout for the production of the resultant wind turbine
blade, or used in other wind blade production process steps requiring an
automated assistance along the length of the wind blade during the wind blade

production process.

Effects and Advantages of the Invention

The preferred embodiments of the present invention can provide a
reusable/changeable plug to make a low cost, accurately dimensioned and
high quality A-surface mold tool which can be used as a temporary direct
mold, without using a traditional high cost single use plug, to make low cost
prototype mold tools or mold tools to be used in the full commercial mass
production of direct, plug-free, mold tools. The mold tool manufacturing

method uses a shaping device, which is typically a rigid automated device
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composed of a dense, evenly distributed field of vertical cylinders capable of
lifting cellular material bodies (e.g. polymeric foam or balsa blocks) into
temporary position for use in making direct CNC molds, or as reusable plug.
The mold tool can be used to manufacture fiber-reinforced resin composite
materials, or any other materials that can be molded by a mold tool
comprising a mold surface composed of composite material. The mold tool
may be used for molding final articles or products, such as wind turbine
blades, marine parts or aerospace parts, or for preforming fabrics and cores
for use in composite material, e.g. wind turbine blade, manufacture. The mold
tool can be used for molding materials other than composite materials, such as
concrete forms for large structures such as bridges or other industrial large

scale products.
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Claims

1.A method of manufacturing a mold tool, the method including the
steps of:

a)providing a contiguous array of a plurality of bodies composed of a
cellular material;

b) selectively moving individual bodies of the array to a respective
desired position to define a three-dimensional profile formed by the array of
bodies, the three-dimensional profile having a three-dimensionally shaped
surface;

c)applying a support layer to the three-dimensionally shaped surface to
form a unitary mold precursor comprising the array of bodies attached
together by the support layer;

d) machining a surface of the unitary mold precursor opposite to the
support layer, the surface being composed of the array of bodies, to form a
first smoothened surface of the three-dimensional profile; and

e)forming a molding surface on the first smoothened surface.

2.A method according to claim 1, wherein in steps a) to c¢) the array of

bodies 1s mounted on, and temporarily affixed to, a shaping device.

3.A method according to claim 2, wherein the method further comprises
the steps of:

1. providing the shaping device, wherein the shaping device comprises an
array of mutually aligned actuatable devices, each actuatable device
comprising a movable element individually movable over an operating range

between opposite end positions, each movable element having a free end;

17
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i1.  mounting the plurality of bodies to the free ends to define the
contiguous array of bodies;

1. selectively actuating the actuatable devices to cause each movable
element to be individually moved to a desired position within the respective
operating range to define the three-dimensionally shaped surface formed by
the array of bodies, the three-dimensionally shaped surface being opposite to

the array of actuatable devices.

4.A method according to claim 3, wherein the plurality of bodies are
temporarily affixed to the free ends using vacuum suction between the bodies

and the free ends.

5.A method according to claim 3 or claim 4, wherein in step b) the
three-dimensionally shaped surface i1s a stepped surface; and further
comprising the step, between steps b) and ¢), of:

1v. machining the stepped surface of the three-dimensional profile to

form a second smoothened surface of the three-dimensional profile.

6. A method according to claim 5, wherein the machining step iv
uses computerized numerical controlled three-dimensional movement of a
machining head which is moved over the surface of the three-dimensional

profile.
7. A method according to claim 5 or claim 6, wherein during the

machining step iv the surface of the three-dimensional profile is upwardly

oriented.
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8. A method according to any one of claims 3 to 7, wherein the
movable element is individually movable over the operating range between a

raised position and a lowered position.

9. A method according to any one of claims 3 to 8, wherein the
movable element is an extendable piston element mounted in a fixed cylinder
assembly, the piston element being individually movable over the operating

range between an extended raised position and a lowered retracted position.

10. A method according to any one of claims 3 to 9, wherein the
actuatable devices of the shaping device are connected to a control system
which includes an input module adapted to receive an input command to
define a desired three-dimensionally shaped surface and an output module
which is adapted, in response to the input command, to cause the actuatable
devices to be operated so that each movable element 1s individually moved to
a desired position within the respective operating range to define the desired

three-dimensionally shaped surface.
11. A method according to any one of claims 1 to 10, wherein each
body is an elongate element having a regular cross-section orthogonal to an

elongate direction of the elongate element.

12. A method according to claim 11, wherein the regular

cross-section 1s a rectangular or square cross-section.

13. A method according to claim 11 or claim 12, wherein each

elongate element has opposite elongate side surfaces which are planar and an
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upper surface forming a part of the three-dimensionally shaped surface

formed in step b).

14. A method according to claim 13, wherein opposed elongate side

surfaces of respective adjacent elongate elements are mutually spaced by a

gap.

15. A method according to claim 14, wherein the gap has a width of

from 0.1 to 3 mm.

16. A method according to any one of claims 11 to 15, wherein each
elongate element has a length, which is in an elongate direction of the

elongate element, which 1s from 0.1 to 1 meters.

17. A method according to any one of claims 11 to 16, wherein each
elongate element has a width, which is orthogonal to an elongate direction of
the elongate element and defines a width of the upper surface extending in a
direction along the three-dimensionally shaped surface, which is from 0.1 to 1

meters.
18. A method according to any one of claims 11 to 17, wherein each
elongate element has a height, which is orthogonal to both the width, and an

elongate direction, of the elongate element, which is from 0.1 to 1 meters.

19. A method according to any one of claims 1 to 18, wherein the

cellular material comprises a polymeric foam or balsa wood.
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20. A method according to any one of claims 1 to 19, further
comprising the step, between steps ¢) and d), of:

v.attaching a support frame to the support layer of the unitary mold
precursor;

vi. moving the support frame and the unitary mold precursor so that
the surface of the unitary mold precursor opposite to the support layer i1s

exposed.

21. A method according to claim 20, wherein in step v) the support
frame 1s attached to the support layer of the unitary mold precursor using

vacuum suction between the support frame and the support layer.

22. A method according to claim 20 or claim 21, wherein in steps a) to
c) the array of bodies 1s mounted on, and temporarily affixed to, a shaping
device and between steps v) and vi) the temporary fixing between the array of

bodies and the shaping device is released.

23. A method according to any one of claims 1 to 22, wherein the
machining step d) uses computerized numerical controlled three-dimensional
movement of a machining head which 1s moved over the exposed surface of

the unitary mold precursor opposite to the support layer.
24, A method according to claim 23, wherein during the machining

step d) the exposed surface of the unitary mold precursor is upwardly

oriented.
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25. A method according to any one of claims 1 to 24, wherein in step c)
the support layer 1s applied by applying a first fiber-reinforced resin matrix

composite material to the three-dimensionally shaped surface.

26. A method according to claim 25, wherein in step c¢) the first
fiber-reinforced resin  matrix  composite  material comprises a
fiberglass-reinforced thermosetting resin having a thickness of from 2 to 10

mim.

27. A method according to any one of claims 1 to 26, wherein step ¢)
includes the step of:
vil. applying a second fiber-reinforced resin matrix composite material

to the first smoothened surface.

28. A method according to claim 27, wherein in step e) the second
fiber-reinforced resin  matrix  composite  material comprises a
fiberglass-reinforced thermosetting resin having a thickness of from 2 to 10

mim.

29. A method according to claim 27 or claim 28, wherein step e)
further includes the steps, after step vii), of:

viil. applying a layer of fibers to the fiber-reinforced resin matrix
composite material;

ix. infusing a polymeric resin into the layer of fibers to form a third
fiber-reinforced matrix resin composite material; and

x.machining an exposed surface, opposite to the fiber-reinforced resin

matrix composite material, of the third fiber-reinforced matrix resin
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composite material layer to form a third smoothened surface of the third

fiber-reinforced matrix resin composite material layer.

30. A method according to claim 29, wherein the machining step x)
uses computerized numerical controlled three-dimensional movement of a
machining head which is moved over the exposed surface of the third

fiber-reinforced matrix resin composite material.

31. A method according to claim 29 or claim 30, wherein during the
machining step x) the exposed surface of the third fiber-reinforced matrix

resin composite material is upwardly oriented.

32. A method according to any one of claims 29 to 31, wherein step ¢)
further includes the steps, after step x), of:

x1. spraying a top coat layer over the third smoothened surface of the
third fiber-reinforced matrix resin composite material layer; and

xi1. sanding the top coat layer.

33. A method according to claim 32, wherein the top coat layer

comprises a resin.

34. A method according to any one of claims 29 to 33, wherein
between steps vii) and viil) a heating wire assembly 1s applied over the second
fiber-reinforced resin matrix composite material and thereafter in steps viii) to
x) the heating wire assembly is covered by the third fiber-reinforced matrix

resin composite material.
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35. A method according to any one of claims 29 to 34, wherein in step

viii) the fibers are composed of synthetic or natural fibers.

36. A method according to claim 35, wherein in step viii) the fibers are

natural fibers composed of flax.

37. A method according to any one of claims 1 to 36, wherein the mold
tool 1s shaped and dimensioned to mold a wind turbine blade or a portion
thereof.

38. A mold tool for molding a fiber-reinforced resin matrix composite
material, the mold tool comprising a molding layer structure defining a
molding surface, a core layer having opposite first and second surfaces, the
core layer comprising a contiguous array of a plurality of bodies of cellular
material, each body extending between the first and second surfaces, each of
the first and second surfaces being machined to define a respective continuous
three-dimensional profile, wherein the molding layer structure is molded to
the first surface of the core layer, and a support layer molded to the second
surface of the core layer, wherein the support layer attaches together the

plurality of bodies of cellular material.

39. A mold tool according to claim 38, wherein each body is an

elongate element having opposite elongate side surfaces.
40. A mold tool according to claim 39, wherein opposed elongate side

surfaces of respective adjacent elongate elements are planar and mutually

spaced by a gap.
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41. A mold tool according to claim 40, wherein the gap has a width of

from 0.1 to 3 mm.

42. A mold tool according to any one of claims 39 to 41, wherein
each elongate element has a length, which 1s in an elongate direction of the

elongate element, which 1s from 0.1 to 1 meters.

43. A mold tool according to any one of claims 39 to 42, wherein
each elongate element has a width, which is orthogonal to an elongate
direction of the elongate element and 1s orthogonal to a direction extending

between the first and second surfaces, which 1s from 0.1 to 1 meters.

44. A mold tool according to any one of claims 39 to 43, wherein
each elongate element has a thickness, which is in a direction extending

between the first and second surfaces, which is from 0.1 to 1 meters.

45. A mold tool according to any one of claims 38 to 44, wherein the

cellular material comprises a polymeric foam or balsa wood.

46. A mold tool according to any one of claims 38 to 45, wherein the
support layer comprises a first fiber-reinforced resin matrix composite

material.

47. A mold tool according to claim 46, wherein the first
fiber-reinforced resin  matrix  composite  material comprises a
fiberglass-reinforced thermosetting resin having a thickness of from 2 to 10

mim.
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48. A mold tool according to any one of claims 38 to 47, wherein the
molding layer structure comprises a second fiber-reinforced matrix resin
composite material which is molded to the first surface of the core layer, a
heating wire assembly over the second fiber-reinforced resin matrix
composite material and a third fiber-reinforced matrix resin composite
material covering the heating wire assembly, the third fiber-reinforced matrix
resin composite material having an outer surface machined to define a

continuous three-dimensional profile.

49. A mold tool according to claim 48, wherein the molding layer
structure further comprises a top coat layer over the outer surface of the third

fiber-reinforced matrix resin composite material layer.

50. A mold tool according to claim 49, wherein the top coat layer

comprises a resin.

51. A mold tool according to claim 48 or claim 49, wherein the third
fiber-reinforced matrix resin composite material comprises synthetic or

natural fibers.

52. A mold tool according to claim 51, wherein the fibers are natural

fibers composed of flax.
53. A mold tool according to any one of claims 38 to 52, wherein the

mold tool is shaped and dimensioned to mold a wind turbine blade or a

portion thereof.
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