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DESCRIPTION

Field of invention

[0001] The present invention relates to a moulding system for manufacturing a rotor blade of
a wind turbine.

Art Background

[0002] It may be conventionally known that wind turbine blades are mostly fabricated using
fibre-reinforced composite materials such as glass fibre reinforced epoxy plastic or carbon fibre
reinforced epoxy plastic. Some rotor blades of a wind turbine may also be produced in using a
vacuum-assisted resin transfer moulding technique, also named VARTM. Thereby, a number
of fibre fabrics, such as glass fibre fabrics, are placed as a stack in a mould. The mould is
closed and evacuated to a low pressure using a vacuum pump. Thereafter, a liquid resin is
infused into the laminate stack in the mould cavity and is left to cure, i.e. to cross-link. After
curing, the wind turbine blade can be taken out of the mould and can then be finished.

[0003] Nowadays, wind turbine blades have a larger and larger size. A wind turbine blade may
for example have a longitudinal length of between 30 and 60 m. Thereby, demands regarding
strength and rigidity may be increased.

[0004] In a conventional system, it may have been accepted that the material loses strength
due to extreme reaction heat from the curing process. In conventional systems, the laminate
thickness may have been increased to reduce the stress imposed on the blades. Some other
conventional production methods may allow for a prolonged curing time at lower temperatures,
to reach better material properties. However, the prolonged production time may be costly and
may generate a higher cost of the rotor blade.

[0005] US5885504 discloses a moulding system for manufacturing turbine fan blades
comprising plurality of cooling and heating elements arranged within the mould body at
intervals along the length of the mould cavity, whereby ducts carrying cooling fluid are running
perpendicular to the longitudinal direction of the blade. It has been observed that conventional
methods and equipment for manufacturing a rotor blade have several disadvantages. The
thereby manufactured conventional wind turbine blades exhibit imperfections and cracks,
which may lead to decomposition and severe failures of the wind turbine blades. Thus, there
may be a need for equipment and for a method for manufacturing a wind turbine blade which
leads to improved wind turbine blades, in particular having fewer imperfections and cracks.

Summary of the Invention
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[0006] The need is satisfied by the subject-matter of the independent claim 1, directed to a
moulding system for manufacturing a rotor blade of a wind turbine. Furthermore, using the
moulding system, a method for manufacturing a rotor blade can be performed. Advantageous
embodiments of the present invention are described by the dependent claims. The present
invention is defined in claim 1. The moulding system may be used in a method for
manufacturing a rotor blade. Thereby, the moulding system is suitable for the usage of a fibre
plastic composite material, such as a resin and some fibres, such as carbon fibres or glass
fibres or the like. The at least one outer mould may comprise in particular two outer moulds,
such as an upper outer mould and a lower outer mould. The upper outer mould may for
example have an upper moulding surface complementary to an intended windward side
surface of the rotor blade. The lower outer mould may for example have a lower moulding
surface complementary to an intended leeward side surface of the rotor blade. The windward
side surface of the rotor blade may be, during operation of the rotor blade, directed towards
the wind, while the leeward side surface of the rotor blade may be directed away from the
wind. Thus, the moulding system may in particular comprise two outer moulds which may be
assembled together to enclose an inner cavity within which the rotor blade is formed during a
manufacturing process using fibre reinforced composite materials such as glass fibre
reinforced epoxy plastic or carbon fibre reinforced epoxy plastic. The two outer moulds may be
assembled together such that resin is sealed from leaving the inner cavity.

[0007] The outer heat redistribution system may take different configurations. However, it is
always formed within the outer mould body. The spar cap area of the blade to be
manufactured may be located, running approximately in the longitudinal direction of the mould,
rotor blade, respectively, approximately at the center of the leeward side surface and the
windward side surface of the rotor blade. During operation of the rotor blade in a wind turbine,
the spar cap area of the wind turbine may be subjected to the highest stress due to wind
impact or suction forces at the windward side surface and the leeward side surface,
respectively. The spar cap areas at the windward side surface and the leeward side surface
may internally of the rotor blade connected using a web laminate or some other support
structure, such that a reinforcement structure similar to an H-beam is formed by the spar cap
area at the windward side surface of the blade, the spar cap area at the leeward side surface
of the blade and the connecting web laminate or other support structure being present within
the rotor blade.

[0008] The outer heat redistribution system is adapted to redistribute heat generated during
manufacturing the rotor blade, in particular in the spar cap area, to other areas of the rotor
blade to be manufactured which are located closer to the leading edge and/or trailing edge of
the rotor blade. The leading edge of the rotor blade is at the side of the rotor blade along which
the rotor blade rotates around a rotor shaft of the wind turbine.

[0009] The inventor found that in particular in the spar cap area of the rotor blade, an
extensive heat is generated during a curing reaction or cross-linking reaction of a composite
material. This excessive heat may have negative effects on the quality of the finished rotor
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blade. The inventor found and considered that, when the thermosetting resin, such as epoxy,
polyester or polyurethane is cured, a strongly exothermic reaction known as polymerization
takes place. Thereby, monomer molecules are cross-linked. Especially for bigger blades with a
thick laminate stack, the reaction heat can yield a substantial temperature rise which may
typically impair the matrix material such as epoxy. In conventional moulding systems with
closed moulds and internal mandrels, it may have been difficult to remove the access heat.
Embodiments of the present invention, which is defined in claim 1, are directed to effectively
remove the excess heat from the spar cap areas and transfer at least a portion of the heat to
other portions of the wind turbine blade to be manufactured which may, in a conventional
process, have only a relatively low temperature. The redistribution of the heat from the too hot
areas to the too cold areas may improve the homogeneity of the cross-linking reaction, cross-
linking time and may further reduce excessive stress due to different shrinkage in different
areas of the rotor blade.

[0010] Thereby, the inventor considered the following mechanisms: As the resin is cured at
higher temperature, the chemical shrinkage in the liquid phase may be reduced and the
shrinkage of the solid or gel phase may be increased. The shrinkage in the solid phase may
lead to residual stress between the embedded fibres and the matrix material. Thus, after final
curing the residual stress may be seen as compressive stress in fibres and tensile stress in the
plastic material, when conventional equipment for manufacturing a rotor blade is utilized.
Embodiments of the present invention try to reduce or even avoid inhomogeneous shrinkage
and residual stress between the embedded fibres and the matrix material.

[0011] When the rotor blade is cured at higher temperatures, the mismatch between the
coefficient of thermal expansion (CTE) of the glass (5 x 107%/°K) and the coefficient of thermal

expansion of the epoxy (50 x 10°8/°K) may also impose an additional compressive stress on
the fibres and likewise an additional tensile stress on the cured epoxy matrix, when the
temperature is lowered to room temperature.

[0012] When the temperature through curing time is rising, the relatively high CTE of the
gelling matrix material compared to the ten times lower CTE of glass fibre may - via the CTE
mismatch - induce strong tensile stress in the matrix material. For the gelling matrix, this may
often lead to crack initialization in the partially cured matrix material with gelly-like structures.
This may, in a conventional manufacturing method and equipment, lead to drastically reduced
fatigue properties of the produced rotor blades. Embodiments of the present invention are
directed to keep the temperature through the curing reaction relatively stable, thereby reducing
crack initialization.

[0013] The inventor found, that the deteriorating properties of conventional manufacturing
methods may be reduced or even avoided, when an outer heat redistribution system and
potentially also an inner heat redistribution system is provided in a mould system, to thereby
reduce exothermic peak temperature in particular in the spar cap areas and furthermore to
transfer some of the heat to regions of the rotor blade which, in conventional systems, have a
relatively low temperature. Thereby, in both the spar cap area and area spaced away from the
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spar cap area, the curing reaction may become more homogeneous and the temperature
distribution may become more flat, i.e. the difference between temperature in different regions
or areas of the rotor blade is reduced compared to conventional manufacturing methods.

[0014] The inventor in particular found that the peak temperatures occur in the spar cap area,
since there a relatively high amount of resin is present which generates a considerable amount
of reaction heat during the curing process. For example, the reaction heat of epoxy resin is of
the order 450 J/g. For one 24 t wind turbine blade, the reaction energy may be of the order of
4500 MJ - equivalent to the energy of 110 1 diesel oil and enough to bring 13400 1 of water to
the boiling point. The inventor found that high curing temperatures causing shrinkage may
often lead to unwanted geometric changes of the blade surface and even ovalization of the
circular blade root part. In embodiments of the present invention, the (too) high curing
temperatures, in particular areas of the wind turbines, may be reduced and the temperatures
in other regions may be increased, thereby reducing shrinkage with the positive effect of
having less unwanted geometric changes of the rotor blade surface.

[0015] According to embodiments of the present invention, a heat redistribution system may
be established at or close to an internal mould surface, in the mandrels and possibly also in
part of the blade structure. Thereby, the excess reaction heat may be captured by a heat
exchanger. A portion of the heat may be transferred to areas with less laminate thickness and

2 or with less generated energy or heat per m2. The levelling

out of the dissipated or generated heat may help to achieve a more uniform curing throughout
the blade. If some of the removed excessive calorific energy is placed in an accumulation tank,
the heat energy can later, by means of a heat pump, be transferred to the blade again in a
post-cure process at higher temperatures, in order to achieve a higher Tg of the blade
laminate.

thus less dissipated energy per m

[0016] According to the present invention, the outer heat redistribution system comprises: an
outer channel system arranged within the mould body adjacent to the moulding surface; a
coolant fluid inlet for introducing coolant fluid into the outer channel system; and a coolant fluid
outlet for letting out the coolant fluid having exchanged heat energy with a portion of the
moulding body.

[0017] The outer heat redistribution system is arranged within the outer mould body, while an
optional inner heat redistribution system may be arranged not within the outer mould body but
at or in an inner mould body of an inner mould which is placed in a inside cavity of the rotor
blade to be manufactured. Firstly, embodiments regarding the outer heat redistribution system
are described.

[0018] The outer heat redistribution system comprising the outer channel system may be
physically realized using a number of plastic pipes or tubes arranged within the outer moulding
body, wherein the plastic tubes or pipes may be connected to each other allowing flow-through
of a fluid through the plastic pipes or tubes. Alternatively, the pipes may be made of a metal for
better heat conduction. Furthermore, also for better heat conduction, the outer mould, in
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particular the upper outer mould and the lower outer mould, may also comprise heat
conducting material, such as aluminium powder or another metal powder or metal pieces for
increasing heat conductance.

[0019] The coolant fluid inlet may in particular be located at a root side of the blade to be
manufactured. The coolant fluid outlet may be arranged in particular at a tip side of the rotor
blade to be manufactured. The coolant fluid may be a liquid or may be a gas. The coolant
liquid may for example comprise water and/or oil or other suitable coolant liquid.

[0020] Thereby, the outer heat redistribution system may be established in an easy and
effective manner.

[0021] According to the present invention, the outer channel system comprises: a first channel
section running substantially in a longitudinal direction of the mould, wherein the coolant fluid
inlet allows introduction of the coolant fluid into the outer channel system via the first channel
section.

[0022] The first channel section runs substantially close to the spar cap area on the rotor
blade. Thereby, an effective heat transfer from the spar cap area of the blade to be
manufactured to the coolant fluid running within the first channel section may be improved for
effectively transporting away some of the excessive heat generated in the spar cap area during
cross-linking of resin. The first channel section is, according to the present invention, located
adjacent to where a spar cap area of the blade is located during manufacturing the blade.

[0023] According to an embodiment of the present invention, the coolant fluid inlet is located
at a longitudinal side of the mould where the root of the blade is to be formed.

[0024] At the root of the blade, the spar cap area may be thicker than at the tip side of the
rotor blade. In particular, the spar cap thickness may decrease from the root end of the blade
to the tip end of the blade. Thus, at the root end of the blade, the maximum amount of reaction
heat may be generated during the cross-linking reaction. This maximum generated heat may
be effectively carried away by the coolant fluid which is still relatively cold, i.e. having relatively
low temperature, as is the case for the coolant fluid just entering the outer channel system.
Thus, placing the coolant fluid inlet close to where the root of the blade is to be formed, may
most effectively carry away the excess heat generated at the root area of the blade.

[0025] According to an embodiment of the present invention, the coolant fluid outlet is located
at another longitudinal side of the outer mould where the tip of the blade is to be formed.

[0026] Thereby, a simple streaming configuration of the coolant fluid is achieved. The coolant
fluid leaving the outer channel system may be utilized for example in a post-curing process, in

particular together with utilizing a heat pump.

[0027] According to an embodiment of the present invention, the outer channel system further
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comprising: plural second channel sections branching off from the first channel section in two
different, in particular opposite directions, toward the leading edge and trailing edge of the
blade, wherein the coolant fluid is fed into the second channel sections via the first channel
section.

[0028] The second channel sections may allow to effectively redistribute the heat generated at
the spar cap area to other areas of the rotor blade which are characterized by a thinner
laminate than at the spar cap area. Thus, these areas having thinner laminate thickness may
increase its temperature due to the redistribution of the heat by the second channel sections,
thereby allowing an improved curing reaction or curing velocity.

[0029] According to an embodiment of the present invention, the outer channel system further
comprises: a third channel section and in particular another third channel section, the third
channel section running substantially in the longitudinal direction, wherein the coolant fluid is
fed into the third channel sections via the second channel section.

[0030] Thereby, a simple coolant fluid streaming arrangement may be achieved. Furthermore,
the coolant fluid may leave the outer channel system via the third channel section, and the
coolant fluid outlet.

[0031] According to embodiments of the present invention, the outer heat redistribution
system may comprise the outer channel system, as described above and additionally further
features as described below. Alternatively, the outer heat redistribution system may not need to
comprise the outer channel system, but may only comprise the features as described below.

[0032] According to an embodiment of the present invention, the outer heat redistribution
system comprises: plural heat conducting elongated elements, in particular comprising metal,
having a portion located adjacent to where the spar cap of the blade is to be located and
another portion spaced away, toward the leading or the trailing edge, from where the spar cap
of the blade is to be located.

[0033] The heat conducting elongated elements may comprise metal, such as aluminium. The
elongated elements may comprise sticks or bars embedded into the outer mould, in particular
embedded into the upper outer mould and the lower outer mould. The heat conducting
elongated elements may be heated by the heat generated at the spar cap areas and may
conduct the heat away from the spar cap areas towards the leading edge or trailing edge of
the rotor blade. Thereby, no flow of cooling fluid may be required, thus a passive heat
redistribution system is provided. For example, for operating the outer heat redistribution
system comprising the outer channel system, a pump may be required to effect a streaming of
the cooling fluid through the outer channel system. In the passive outer heat redistribution
system, however, comprising the heat conducting elongated elements, no additional
equipment may be required. Thereby, the heat redistribution system may be provided in a very
simple manner without requiring complex further equipment.
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[0034] According to an embodiment of the present invention, the heat conducting elongated
elements have their longitudinal direction substantially oriented perpendicular to a longitudinal
direction of the mould.

[0035] Such an orientation may in an effective way allow transfer or transport of heat from the
spar cap areas towards areas of the rotor blade to be manufactured where the laminate is
much thinner than at the spar cap areas. Thereby, the curing reaction or curing velocity may
be made more homogeneous across the rotor blade.

[0036] The moulding system may further comprise at least one inner mould (in particular two
inner moulds separated by a web structure connecting spar cap areas in the leading and the
leeward side surface of the blade) having an inner mould body with a deformable/flexible
moulding surface to contact an inner surface portion of the rotor blade; an inner heat
redistribution system within the inner mould body for redistributing heat from a root area of the
blade towards a tip area of the blade.

[0037] The inner mould(s) may be a flexible structure which may be deformable for
introduction and removal. The inner mould may comprise for example foam or may comprise a
plastic bag. The inner mould may be placed during manufacturing of the wind turbine blade, in
a space which is empty, when the rotor blade is finished. For example, the inner mould(s) is
withdrawn or removed from the inside of the rotor blade after the rotor blade surfaces have
cured and are solidified. The inner mould may for example withdrawn from the solidified rotor
blade from the root end. Thereby, some deformation may be necessary.

[0038] The inner heat redistribution system may be present close to the spar cap area and
also close to a support (web) structure connecting the spar cap area at the windward side
surface of the blade with the spar cap area at the leeward side surface of the blade. Since at
the root side of the rotor blade, the spar cap areas may be thicker in laminate thickness than at
the tip side of the rotor blade, the inner heat redistribution system may contribute to a
homogenization of the temperature during a curing process.

[0039] According to an embodiment of the present invention, the inner heat redistribution
system is adapted as at least one inner channel system, each comprising: a flexible bag having
inner channels to be placed adjacent to a web structure of the blade, the web structure
connecting, within the blade to be manufactured, a windward side surface spar cap with a
leeward side surface spar cap of the blade, wherein the inner channels are adapted to allow
flow through of a cooling fluid, wherein the inner channels are running substantially in a
longitudinal direction of the mould.

[0040] The inner channel system having the inner channels may be adapted to allow flow-
through of a cooling gas or a cooling liquid. In particular, the cooling fluid may comprise air.

[0041] According to an embodiment of the present invention, the inner channel system further
comprises at least one flow back pipe running in a longitudinal direction within the inner mould
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body for guiding the cooling fluid from the tip area to the root area.

[0042] The flow back pipe allows to discharge the cooling fluid from the inner heat
redistribution system.

[0043] According to an embodiment of the present invention, the moulding system further
comprises a pump adapted and connected for pumping the fluid such that it is introduced into
and/or leaves the outer channel system and/or the inner channel system; a fluid tank for
accommodating fluid which has left the outer channel system and/or the inner channel system;
a heat pump adapted for increasing a temperature of the fluid obtained from the fluid tank and
connected such that the fluid having increased temperature can be fed via the fluid inlet into
the outer channel system and/or the inner channel system.

[0044] Other embodiments enclose a pump and a heat exchanger for cooling the cooling fluid
after having streamed through the channel system of the inner or outer heat redistribution
system.

[0045] When a heat pump is included in the moulding system, the cooling fluid having slightly
elevated temperature after running through the channel system may be reused, after its
temperature has been increased using the heat pump, in a post-curing process, in which it
may be reintroduced into the (inner and/or outer) channel system to further cure the rotor
blade.

[0046] According to an embodiment of the present invention, the outer heat redistribution
system and/or the inner heat redistribution system is adapted to maintain a temperature of the
spar cap area between 80°C and 130°C, in particular between 80°C and 100°C.

[0047] Thereby, a more homogeneous temperature distribution may be achieved across the
rotor blade, wherein the temperature is closer to an optimal temperature (for example 80°C)
for the curing reaction. Thereby, the quality of the rotor blade and its strength may be improved
compared to conventional rotor blades. E.g. flow rate of the cooling fluid may accordingly
controlled, based e.g. on temperature measurements.

[0048] The moulding system may also be used to perform a manufacturing method.

[0049] The aspects defined above and further aspects of the present disclosure are apparent
from the examples of embodiment to be described hereinafter and are explained with
reference to the examples of embodiment. The invention will be described in more detail
hereinafter with reference to examples of embodiment but to which the invention is not limited
since the invention is defined in claim 1.

Brief Description of the Drawings
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[0050] Embodiments of the present invention are now described with reference to the
accompanying drawings. The invention is defined in claim 1 and is therefore not restricted to
the illustrated or described embodiments.

Fig. 1 schematically shows in a cross-sectional view a rotor blade which can be manufactured
using a moulding system and performing a method according to embodiments of the present
invention;

Fig. 2 shows a micrograph of a surface portion of a conventionally manufactured rotor blade;
Fig. 3 illustrates a graph indicating generation of heat during a curing or cross-linking process;

Fig. 4 schematically illustrates a moulding system according to an embodiment of the present
invention.

Fig. 5 schematically illustrates, in a top view, a portion of the moulding system illustrated in Fig.
4;

Fig. 6 schematically illustrates, in a cross-sectional view, aspects of a moulding system
according to an embodiment of the present invention;

Fig. 7 schematically illustrates in a plan view a moulding system according to an embodiment
of the present invention; and

Fig. 8 illustrates a further embodiment of a moulding system according to an embodiment of
the present invention.

Detailed Description

[0051] The illustration in the drawings is in schematic form. It is noted that in different figures,
similar or identical elements are provided with the same reference signs or with reference
signs, which are different from the corresponding reference signs only within the first digit.

[0052] The rotor blade 100 illustrated in Fig. 1 in a cross-sectional view (viewed along a
longitudinal axis of the rotor blade 100) comprises a windward side surface 103, a leeward side
surface 101, a leading edge 105 and a trailing edge 107. During operation of the wind turbine
blade, wind 109 would impact onto the windward side surface 103. The rotor blade 100 is
made according to a manufacturing method using a moulding system according to an
embodiment of the present invention and comprises fibre reinforced plastic material 111, 119,
121 having different thicknesses along a path from the leading edge 105 to the trailing edge
107. In a so-called spar cap area 113 at the windward side surface 103 and at a spar cap area
115 of the leeward side surface 101, the thickness of the laminate 111 or reinforced plastic
material may be between 5 cm and 10 cm. In contrast, a thickness of the laminate 111, 119,
121 may decrease from the spar cap areas 113, 115 towards the leading edge 105 and also
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towards the trailing edge 107 and may assume minimal thicknesses for example between 2
mm and 5 mm.

[0053] The rotor blade 100 further comprises a web structure 117 which may be a
prefabricated rigid structure that connects the spar cap area 113 at the windward side surface
103 with the spar cap area 115 at the leeward side surface 101, in order to form a structure
similar to an H-beam for reinforcing the rotor blade 100. The rotor blade 100 may be
manufactured performing a method using a moulding system according to an embodiment of
the present invention, such as those illustrated in Figs. 4, 5, 6, 7 and 8. For example, as will be
explained in more detail below, in the spar cap areas 113, 115, a higher amount of heat may
be generated during a curing process than for example in the aft panel 119 and the front panel
121.

[0054] Fig. 2 illustrates a micrograph of a conventional wind turbine manufactured using a
conventional process. The root side of the blade is labelled with reference sign 201 and the tip
side of the blade is labelled with reference sign 203. The micrograph 200 illustrates cracks or
broken fibre portions 205. Furthermore, a matrix fracture line 207 is visible. Fibres
predominantly may run in a horizontal direction in the micrograph 200 illustrated in Fig. 2, i.e.
from the root side 201 to the tip side 203. Further, additional fibres may run perpendicular to
the longitudinally running fibres and may be and may a stitched and/or sewed thereto to
achieve a interconnection. These fibres are for example indicated with reference sign 209. The
damages, cracks and fracture lines predominantly occur close to a spar cap area 113, 115in a
conventional rotor blade.

[0055] Fig. 3 illustrates a graph 300 showing in a curve 301 the surplus energy per cm? in
dependence of a glass content in wt.-% as indicated on the abscissa 303. The surplus energy
is indicated on the ordinate 305. As can be seen from the curve 301, the surplus energy per

cm?® decreases with increasing glass content. According to embodiments of the present
invention, the rotor blade manufactured using a moulding system according to an embodiment
of the present invention may have a glass content in a range 307, in particular in a range
between 60 and 70 wt.-%. The inventor found, that the damages, cracks and broken
unidirectional fibres 205, 207 illustrated in Fig. 2 may be due to the excessive surplus energy
generated in particular in the spar cap areas 113, 115 illustrated in Fig. 1. Embodiments of the
present invention propose one or more heat transfer systems, to avoid overheating part of the
laminate and at the same time to help other areas with small laminate thicknesses to cure
faster, by adding heat to these areas. Furthermore, embodiments of the present invention
propose one or more heat sinks capable of accumulation excess reaction heat that could be
used later in the curing process via the use of a thermodynamic heat pump.

[0056] The moulding system 400 illustrated in Fig. 4 in a cross-sectional schematic view
comprises an upper outer mould 423 and a lower outer mould. The upper outer mould 423 has
an upper outer mould body 427 with an upper moulding surface 4429 complementary to an
intended outer surface portion of the rotor blade to be manufactured. The lower outer mould
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425 comprises a lower outer mould body 431 having a lower moulding surface 433
complementary to an intended outer surface portion of the rotor blade to be manufactured.
Within the outer mould bodies 427, 431, an outer heat redistribution system 435, 437 is
arranged comprising an outer channel system with a first channel section 439, a second
channel section 441 and a third channel section 443. Furthermore, the outer heat redistribution
system 435, 437 comprises a not illustrated coolant fluid inlet and a coolant fluid outlet. The
mould 423 and lower outer mould contact each other at interface 450.

[0057] A plane view of a portion of the moulding system 400 illustrated in Fig. 4 is illustrated in
Fig. 5. The fluid 445 is introduced via the coolant fluid inlet 447 into the first channel section
439 running substantially in a longitudinal direction 428 of the moulding system 400 and the
rotor blade to be manufactured. The second channel sections 441 run substantially
perpendicular to the first channel section 439. Thus, the coolant fluid 445 introduced via the
first channel section 439 may carry away heat generated in the spar cap areas 113, 115
towards the trailing edge 107 or the leading edge 105 of the rotor blade by streaming through
the second channel sections 441 from the spar cap area 113 towards the leading edge 105
and the trailing edge 107. The second channel sections may be configured as chordwise heat
transmission pipes. The arrows 446 indicate the flow direction of the coolant fluid. The coolant
fluid streams e.g. through the first channel section 439, the second channel section 441 and a
third channel section 443 and leaves the channel system via the outlet 448, in particular at a tip
end of the blade.

[0058] The outer heat redistribution system may further be accompanied by an inner heat
redistribution system 549 such as is schematically illustrated in a cross-sectional view in Fig. 6.
The inner heat redistribution system 549 may be used without the outer heat redistribution
system 435, 437 or in combination with the outer heat redistribution system 435, 437.
Elements similar in structure and/or function in Figs. 4 and 6 are indicated with reference sign
differing only in the first digit. 652 denotes tip portion and 654 root section of the mould.

[0059] The moulding system 600 illustrated in Fig. 6 comprises an upper outer mould 523 and
a lower outer mould 525 which are illustrated without the outer heat redistribution system as
illustrated in Figs. 4 and 5 but which may also comprise the outer heat redistribution system
illustrated in Figs. 4 and 5. The inner heat redistribution system 549 is formed within an inner
mould 551 and is for redistribution heat from a root area of the blade towards a tip area of the
blade. Therefore, the inner heat redistribution system comprises an inner channel system 553
to be placed adjacent to a web structure 517 forming a reinforcing structure for the blade to be
manufactured. The web structure 517 connects the spar cap areas 513 and 515 of the rotor
blade with each other. The inner channels 555 comprised within the inner channel system 553
run substantially in the longitudinal direction 528 of the mould system 600 or 500 and the rotor
blade to be manufactured. The inner channel system 553 further comprises a flow back pipe
557 running also in the longitudinal direction 528 within the inner mould body for guiding the
cooling fluid from the tip area to the root area of the rotor blade.

[0060] Through the channels 555, air may be blown from the root section which is then guided
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within the channels 555 towards the tip end of the rotor blade and from there it may return via
the flow back pipe 557 towards the root section. Thereby, a transfer of spar cap and web plate
heat energy may be transferred through the channelled mandrel skin (for example formed by
the channels 555) according to embodiments of the present invention. The flow channels 555
may be arranged within a mandrel skin or in a second vacuum bag.

[0061] Fig. 7 illustrates in a top view a moulding system 600 according to an embodiment of
the present invention. The moulding system 600 is one embodiment of an outer heat
redistribution system and may also be combined with an inner heat redistribution system or
other features of an outer heat redistribution system, such as features illustrated and described
with reference to the Fig. 4 and 5.

[0062] The moulding system 600 comprises an outer mould 623 having an outer mould body
627. Within the outer mould body 627, plural heat conducting elongated elements 661 are
arranged. The heat conducting elongated elements 661 have a portion 663 adjacent to a spar
cap area 613, 615 and another portion 665 spaced away, towards the leading edge 607 of the
rotor blade. The longitudinal direction of the heat conducting elongated elements 661 is
substantially oriented perpendicular to a longitudinal direction 628.

[0063] The blade mould may also be considered to comprise transverse stringer heat
transmission capability. The heat conducting elongated elements 661 may for example be
configured as metal stringers for removing or moving heat energy from the spar cap area to
areas with low exothermal energy release.

[0064] Fig. 8 schematically illustrates a moulding system 700 according to an embodiment of
the present invention in a schematic manner. The moulding system comprises a mould 723,
725, such as outer moulds 423, 523, 525, 623 as illustrated in Figs. 4, 5, 6 and 7. Further, the
moulding system 700 illustrated in Fig. 8 comprises a pump 667 which is adapted and
connected for pumping the fluid such that it is introduced into and/or leaves the outer channel
system and/or the inner channel system as described above with reference to the Figs. 4, 5, 6
which are not explicitly illustrated in Fig. 8. The system 700 further comprises a fluid tank 669
for accommodating fluid 645 which has left the outer channel system and/or the inner channel
system. The fluid is then transferred to a heat pump 671 which is further comprised within the
moulding system 700 where its temperature is increased and from which it is reintroduced via
the flow direction or pipe 673 into the outer channel system/inner channel system comprised in
the moulds 723, 725 or placed within these moulds. The heat pump 671 may be
advantageously be used for obtaining a high temperature for a blade post-cure process. The
pump 667 may transfer the heated air or fluid from the mould to the storage tank 669.
Thereby, a heat sink may be proposed which is capable of accumulation of excess reaction
heat that could be used later in the curing process via the use of a thermodynamic heat pump.

[0065] According to embodiments of the present invention, a heat transferring system may
comprise metal parts placed near the mould surface - in the vicinity of the blade spar cap area,
for transferring the heat energy to other areas.
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[0066] Furthermore, according to embodiments of the present invention, the heat transferring
system may use stringers of copper or aluminium to move excess energy to areas spaced
apart from excessive heat generating portions.

[0067] According to embodiments of the present invention, the heat transferring system may
use tubes filled with a liquid, such as for example ethanol or other alcohol, that will evaporate
at a defined temperature and may condensate in a colder part of the tube system, to where the
heat energy is transferred.

[0068] According to embodiments of the present invention, the heat transferring system may
use principles known from a usual household refrigerator.

[0069] According to embodiments of the present invention, the heat transferring system may
use tubes filled with water or oil for the removal of excess heat from the spar cap area and
other areas having thick laminates.

[0070] According to embodiment of the present invention, the heat transferring system may
be based on airflow or liquid flow inside the mandrels capable of moving heat energy away
from the insulated areas of the blade and mould, such as internal web structures.

[0071] According to embodiments of the present invention, a vacuum bag system consisting
of a standard vacuum bag closest to the laminate and a second vacuum bag provided with
length-wise channels for transmission of surplus heat by air or liquid. In the middle of the
mandrel, a return pipe may return the heated air through the blade root opening.

[0072] It should be noted that the term "comprising" does not exclude other elements or steps
and "a" or "an" does not exclude a plurality. Also elements described in association with
different embodiments may be combined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of the claims.
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Patentkrav

1. Formningssystem (400, 500, 600, 700) til fremstilling af en rotorvinge (100)
pa en vindmglle, hvilket system omfatter:

mindst en udvendig form (423), som har et udvendigt formlegeme (427, 431)
med en formningsflade (429, 433), som er komplementeer til et beregnet ud-
vendigt fladeafsnit (101, 103) af rotorvingen;

et udvendigt varmeomfordelingssystem (435, 437, 661) i det udvendige form-
legeme (427, 431) til omfordeling af varme fra et spar cap-omrade (113, 115)
af vingen mod en forkant (105) og/eller en bagkant (107) af vingen (100), hvor
det udvendige varmeomfordelingssystem omfatter:

et udvendigt kanalsystem (439, 441, 443), som er anbragt i formlegemet graen-
sende op til formningsfladen;

et kalefluidindlob (447) til indfgring af kalefluid (445) i det udvendige kanalsy-
stem; og

et kolefluidudleb (448) til udledning af kalefluiden, som har udvekslet varme-
energi med et afsnit af formningslegemet,

hvor det udvendige kanalsystem omfatter:

en fgrste kanalsektion (439), der forlober i det vaesentlige i en laengderetning
(428) af formen,

hvor kolefluidindlgbet (445) muligger indfaring af kelefluiden i det udvendige
kanalsystem via den fgrste kanalsektion (439),

hvor den farste kanalsektion (439) er anbragt graensende op til dér, hvor spar
cap-omradet (113, 115) af vingen (100) er anbragt under fremstillingen af vin-
gen.

2. Formningssystem ifglge det foregadende krav, hvor kelefluidindlgbet (445)
er anbragt pa en langsgaende side af formen, hvor roden af vingen (100) skal
formes.

3. Formningssystem ifglge et af de foregadende krav, hvor kolefluidudigbet
(448) er anbragt pa en anden langsgaende side af den udvendige form, hvor
spidsen af vingen (100) skal formes.

4. Formningssystem ifglge et af de foregaende krav, hvor det udvendige ka-
nalsystem endvidere omfatter:
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flere anden kanalsektioner (441), der forgrener sig fra den forste kanalsektion
(439) i to forskellige, isaer modstaende retninger, mod forkanten og bagkanten
af vingen,

hvor kolefluiden (445) fares ind i de anden kanalsektioner via den fgrste ka-
nalsektion.

5. Formningssystem ifolge det foregaende krav, hvor det udvendige kanalsy-
stem endvidere omfatter:

en tredje kanalsektion (443) og isaer en yderligere tredje kanalsektion (444),
hvor den tredje kanalsektion forlgber i det vaesentlige i leengderetningen (428),
hvor kelefluiden fares ind i de tredje kanalsektioner via den anden kanalsek-
tion.

6. Formningssystem ifalge det foregaende krav,
hvor kalefluiden (445) forlader det udvendige kanalsystem via den tredje ka-
nalsektion (443, 444).

7. Formningssystem ifolge et af de foregdende krav, hvor det udvendige var-
meomfordelingssystem omfatter:

flere varmeledende aflange elementer (661), iseer omfattende metal, som har
et afsnit (663), der er anbragt graensende op til dér, hvor vingens spar cap
(613, 615) skal anbringes, og et andet afsnit (665) i afstand derfra mod for-
eller bagkanten, hvorfra vingens spar cap skal anbringes.

8. Formningssystem ifglge det foregaende krav,
hvor de varmeledende aflange elementer har deres laengderetning i det veae-
sentlige orienteret vinkelret pa en lsengderetning (628) af formen.

9. Formningssystem ifglge et af de foregdende krav, yderligere omfattende:
mindst en indvendig form (551), som har et indvendigt formlegeme (552) med
en deformerbar/fleksibel formningsflade til at komme i kontakt med et indven-
digt fladeafsnit af rotorvingen;

et indvendigt varmeomfordelingssystem (549) i det indvendige formlegeme
(552) til omfordeling af varme fra et rodomrade af vingen til et spidsomrade af
vingen.
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10. Formningssystem ifglge det foregadende krav,

hvor det indvendige varmeomfordelingssystem er tilpasset som mindst et ind-
vendigt kanalsystem (553), hvert omfattende:

en fleksibel pose, som har indvendige kanaler (555), der skal placeres graen-
sende op til en web-struktur (517) af vingen, hvilken web-struktur inde i vingen,
der skal fremstilles, forbinder en vindsideflade-spar cap (513) med en leeside-
flade-spar cap (515) af vingen,

hvor de indvendige kanaler er tilpasset til at gare det muligt for en kalefluid at
stramme igennem,

hvor de indvendige kanaler lgber i det vaesentlige i en leengderetning (527) af
formen.

11. Formningssystem ifglge det foregdende krav,

hvor det indvendige kanalsystem endvidere omfatter mindst et tilbagestrom-
ningsrar (557), der forlgber i en lsengderetning i det indvendige formlegeme il
faring af kalefluiden fra spidsomréadet til rodomradet.

12. Formningssystem ifglge et af de foregaende krav, yderligere omfattende:

en pumpe (667), som er tilpasset og forbundet til at pumpe fluiden pa en sddan
made, at den fores ind i og/eller forlader det udvendige kanalsystem og/eller
det indvendige kanalsystem:;

en fluidtank (669) til optagelse af fluid, som har forladt det udvendige kanalsy-
stem og/eller det indvendige kanalsystem;

en varmepumpe (671), som er tilpasset til at gge en temperatur af den fluid,
der hentes fra fluidtanken og er forbundet pa en sddan made, at fluiden, der
har gget temperatur, kan fores via fluidindlgbet ind i det udvendige kanalsy-
stem og/eller det indvendige kanalsystem.

13. Formningssystem ifolge et af de foregaende krav, hvor det udvendige var-
meomfordelingssystem og/eller det indvendige varmeomfordelingssystem er
tilpasset til at bibeholde en temperatur af spar cap-omradet mellem 80 °C og
130 °C, iseer mellem 80 °C og 100 °C.
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