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DESCRIPTION

[0001] The present invention relates to a method of manufacturing an elongated composite 
structure such as a shell half of a wind turbine blade or a wind turbine blade, said composite 
having a longitudinal axis and comprising separate longitudinal composite structure sections 
and being formed of reinforced polymer material including a polymer matrix and fibre material 
embedded in the polymer matrix.

[0002] Frequently, large elongated composite structures of fibre-reinforced polymer are 
manufactured as shell parts in moulds where a first side and a second side of the structure are 
manufactured separately and assembled afterwards. Thus, wind turbine blades are usually 
manufactured as shell parts in moulds, where the pressure side and the suction side, 
respectively, are manufactured separately. Afterwards, the two blade halves are glued 
together, often by means of internal flange parts.

[0003] Large composite structures may be manufactured in various ways. Vacuum infusion or 
VARTM (Vacuum Assisted Resin Transfer Moulding) is one method, which is typically 
employed for manufacturing composite structures such as wind turbine blades comprising 
fibre-reinforced matrix material. During the manufacturing process, liquid polymer, also called 
resin, is filled into a mould cavity, in which fibre material, also called fibre lay-up, has been 
previously inserted and where vacuum is generated in the mould cavity hereby drawing in the 
polymer. The polymer can be thermoset plastic or thermoplastic. Typically, uniformly distributed 
fibres are layered in a first rigid mould part, the fibres being rovings, i.e. bundles of fibre bands, 
bands of rovings or mats, which are either felt mats made of individual fibres or woven mats 
made of fibre rovings. Subsequently, a second mould part, which is often made of a resilient 
and flexible polymer foil, also called a vacuum bag, is placed on top of the fibre material and 
sealed against the first mould part in order to generate a mould cavity. By generating a 
vacuum, typically 80-95% of the total vacuum in the mould cavity between the first mould part 
and the vacuum bag, the liquid polymer can be drawn in and fill the mould cavity with the fibre 
material contained therein. So-called distribution layers or distribution tubes, also called inlet 
channels, are used between the vacuum bag and the fibre material in order to obtain as sound 
and efficient a distribution of polymer as possible. In most cases, the polymer applied is 
polyester or epoxy, and the fibre reinforcement is often based on glass fibres or carbon fibres. 
However, other types of fibres, such as natural fibres and steel fibres, may also be used.

[0004] During the process of filling the mould, a vacuum is generated via vacuum outlets in the 
mould cavity, said vacuum in this connection being understood as an underpressure or 
negative pressure, whereby liquid polymer is drawn into the mould cavity via the inlet channels 
in order to fill said mould cavity. From the inlet channels, the polymer disperses in all directions 
in the mould cavity due to the negative pressure as the flow front moves towards the vacuum 
channels.

[0005] Often, the composite structures comprise a core material covered with a fibre- 
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reinforced material such as one or more fibre-reinforced polymer layers. The core material can 
be used as a spacer between such layers to form a sandwich structure and is typically made of 
a rigid light-weight material in order to reduce the weight of the composite structure. In order to 
ensure an efficient distribution of the liquid resin during the impregnation process, the core 
material may be provided with a resin distribution network, e.g. by providing channels or 
grooves in the surface of the core material.

[0006] Another method for manufacturing composite structures is resin transfer moulding 
(RTM) which is similar to VARTM. In RTM, the liquid polymer is not drawn into the mould cavity 
due to a vacuum generated in the mould cavity. Instead the liquid resin is forced into the mould 
cavity via an overpressure at the inlet side.

[0007] A third method for manufacturing composite structures is pre-preg moulding. Pre-preg 
moulding is a method in which reinforcement fibres are pre-impregnated with a pre-catalysed 
resin. Typically, the resin is solid or nearly solid at room temperature. The pre-pregs are 
arranged by hand or machine onto a mould surface, a vacuum bag, and heated to a 
temperature where the resin is allowed to reflow and eventually cured. This method has the 
main advantage that the resin content in the fibre material is accurately set beforehand. The 
pre-pregs are easy and clean to work with and make automation and labour saving visible. The 
disadvantage with pre-pregs is that the material costs are higher than for non-impregnated 
fibres. Further, the core material needs to be made of a material which is able to withstand the 
process temperatures needed for bringing the resin to reflow. Pre-preg moulding may be used 
both in connection with an RTM and a VARTM process.

[0008] Further, it is possible to manufacture hollow composite structures in one piece by use of 
outer mould parts and a mould core. Such a method is e.g. described in EP 1 310 351 and 
may readily be combined with RTM, VARTM and pre-preg moulding.

[0009] Certain composite structures, such as wind turbine blades, have become increasingly 
longer over the years, and today blades of more than 60m are manufactured. As the 
production facilities for large composite structures, such as wind turbine blades, are usually not 
located next to the site of use of the structures, the structures need to be transported from the 
production site to the site of use. Transportation of such large structures is often problematic 
as they are usually transported by road at least part of their way from the production facility to 
the site of use. Therefore, there is a need for blades that may be transported more easily.

[0010] Therefore, it has been proposed to separate wind turbine blades into two or more 
separate blade sections and then assemble the blades at the site of the wind turbine plant. 
Thereby, it is possible to manufacture the separate blade sections in smaller moulds and it is 
less problematic to transport the blade sections than a blade. An example of such blade is 
described in EP 1 584 817 A1. However, producing the separate blade sections in separate 
moulds may create problems in obtaining a perfect fit between the blade sections and thereby 
in assembling the blade sections into a wind turbine blade.
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[0011] US patent no. 3,967,996 discloses a method of manufacturing hollow pieces for a 
helicopter blade. The method comprises the steps of forming a blank of single sheets each 
having a gluing substance applied thereto. The blanks are arranged in a mandrel and shaped 
to the desired form and then brought together with other blanks in a joint which is sealed via an 
elastic bag. The resulting blank is then placed into a mould and pressure is applied to the bag 
in order to perform a final pressing. The helicopter blade is manufactured as a single piece and 
is not dividable.

[0012] US patent no. 2008/0115887 discloses a method according to the preamble of claim 1.

[0013] It is an object of the invention to provide a new method of manufacturing assembled 
composite structures which overcome or ameliorate some of the disadvantages of the prior art 
or which provide a useful alternative.

[0014] According to a first aspect of the invention, this is obtained by a method according to 
claim 1. Thereby a first longitudinal composite structure section and a second longitudinal 
composite structure are formed. The first longitudinal composite structure and second 
longitudinal composite structure are separated from each other at the overlap area or interface 
after step f). By manufacturing the longitudinal composite structure sections in one and the 
same mould part and by separating the first and the second fibre lay-ups in the overlap area 
by means of the relatively thin first flexible foil, a perfect fit between the composite structure 
sections is obtained, as in the overlap area or interface, the two composite structure sections 
will be formed completely complementary to each other. After having been removed from the 
mould part and separated from each other, the formed composite structure sections can as a 
result be transported separately to the site of use and assembled there. The perfect fit 
between the two composite structure sections allow for providing a perfect glue joint between 
the two sections when they are to be interconnected to form the elongated composite 
structure.

[0015] Advantageously, a first mould cavity comprising the first fibre lay-up and a second 
mould cavity comprising the second fibre lay-up are formed during the manufacturing method. 
The two mould cavities are advantageously separated by the first flexible foil. Since the first 
flexible foil separates the first mould cavity and the second cavity, it is ensured that two 
separate longitudinal composite structure sections are formed, which subsequently can be 
separated from each other at the overlap area or interface. Advantageously, the first flexible 
foil does not melt or in any other way become part of the composite structure sections. The 
flexible foil may advantageously be a so-called vacuum foil or vacuum bag. The vacuum foil 
may be provided with a release agent so that the composite structure sections easily may be 
separated.

[0016] According to an embodiment of the invention, in step c) the at least one flexible foil is 
arranged so as to cover the entire first fibre lay-up and sealed to the first mould part to form a 
first mould cavity and wherein subsequent to step d) and prior to step f) a second flexible and 
preferably resilient foil, preferably a polymer foil, is arranged over the second fibre lay-up and



DK/EP 2418072 T3

sealed to the first mould part so as to form a second mould cavity.

[0017] A further embodiment comprises the step of arranging at least one second flexible and 
preferably resilient foil, preferably a polymer foil, over the first and the second lay-up and 
sealing the at least one second flexible foil to the first mould part to form a first mould cavity 
and a second mould cavity, the first and the second mould cavity being separated by the first 
flexible foil. Accordingly a first mould cavity may be formed between the first mould part and 
the first flexible foil, and a second mould cavity may be formed between the first mould part, 
the first flexible foil, and the second flexible foil. One end of the second flexible foil may be 
sealed to the first flexible foil.

[0018] In principle it is also possible to form the two mould cavities by a single flexible foil, for 
instance by providing the flexible foil with a flap which is arranged between at the overlap area 
of by folding the flexible foil at the overlap area.

[0019] According to a further embodiment, the composite structure is a hollow structure 
formed in a closed mould, the closed mould comprising a flexible, preferably resilient, and 
collapsible mould core, the first rigid mould part and a second rigid mould part having a second 
forming surface with a contour defining an outer surface of the composite structure, the first 
and second mould part being arranged to close around the mould core, and wherein 
subsequent to step d):

• the mould core is arranged on the first and second fibre lay-up and the first flexible foil,
• a third fibre lay-up is arranged on a first longitudinal section of the core and/or the 

second mould part, the third fibre lay-up defining a second crosswise edge area,
• a third flexible foil, preferably a polymer foil, is arranged over at least the second 

crosswise edge area,
• a fourth fibre lay-up is arranged on a second longitudinal section of the core and/or the 

second mould part so that the fourth fibre lay-up overlaps the second crosswise edge 
area of the third fibre lay-up and thereby the third flexible foil in a second overlap area 
forming a second interface between the third and the fourth lay-up, and

• the mould is closed by arranging the second mould part over the first mould part and the 
mould core to form a first circumferential mould cavity and a second circumferential 
mould cavity, the first and the second circumferential mould cavities being separated by 
means of the first and third flexible foil.

[0020] As seen circumferentially, the second overlap area, i.e. the second interface, may 
advantageously merge into the first overlap area, i.e. the first interface, to form a 
circumferential continuous overlap area between the lay-ups.

[0021] When manufacturing the composite structure by VARTM, the mould cavity is, as 
previously explained, evacuated prior to supplying liquid polymer to the cavity.
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[0022] According to an embodiment, the first and the second mould cavities are therefore 
evacuated prior to step e), when the composite structure is manufactured by VARTM.

[0023] According to a further embodiment of the invention, the fluid polymer is supplied to the 
first and the second mould cavity during step e) to fill the mould cavities with polymer.

[0024] The first mould cavity may be evacuated prior to step d), whereby the first fibre lay-up is 
compacted before the second fibre lay-up is arranged in the second longitudinal section of the 
first mould part. It should, however, be noted that such procedure is not readily possible when 
the composite structure is a hollow structure formed in a closed mould by the method 
described above for manufacturing a hollow structure.

[0025] According to a further embodiment, pre-impregnated fibre material is arranged in the 
first and/or the second longitudinal section of the first mould part during step b) and/or step d).

[0026] When manufacturing the composite structure by using only pre-impregnated fibre 
material, the polymer is, as explained above, arranged in the first longitudinal section and in 
the second longitudinal section of the first mould part together with the fibre material, i.e. the 
polymer is incorporated in the fibre lay-up. When using pre-pregs, it is also advantageously to 
evacuate the first and second mould cavity in order to remove air and thereby avoid inclusion 
of air in the composite structure.

[0027] Further, it should be noted that the overlap area, i.e. the interface between the first and 
second fibre lay-ups and/or the third and fourth lay-ups, respectively, may extend essentially 
perpendicular to the longitudinal axis of the composite structure.

[0028] Alternatively, the overlap area, i.e. the interface, between the first and the second fibre 
lay-ups and/or the third and fourth lay-ups, respectively, may extend obliquely to the 
longitudinal axis of the composite structure, preferably forming an angle of between 30-80°, 
alternatively of between 45-80°, and alternatively of between 45-70°, with the longitudinal axis 
of the composite structure.

[0029] By providing an obliquely extending overlap area, the joint area between the composite 
structure sections of the manufactured composite structure also extends obliquely to the 
longitudinal axis. This is advantageously when during use, the assembled composite structure 
is subjected to a bending moment, as the bending moment is absorbed partially by the 
composite structure and partially by the joint area.

[0030] The elongated composite structure may have a length of at least 30m, or at least 40m, 
or at least 50m or at least 60m.

[0031] Each of the sections of the composite structure may have a length of at least 10m, or at 
least 20m, or at least 25m or at least 30m.
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[0032] According to a further embodiment, the interface between the first and the second fibre 
lay-ups and/or the third and fourth lay-ups, respectively, is substantially parallel to the 
longitudinal axis of the composite structure to be manufactured.

[0033] According to a further embodiment, the interface between the first and the second fibre 
lay-ups is tapering from an upper surface of the first fibre lay-up towards the first forming 
surface of the first mould part. If the composite structure is a wind turbine shell part, this means 
that the finished composite sections are tapering from an inner surface of an assembled blade 
shell to an outer surface of the assembled blade shell.

[0034] Correspondingly, the interface between the third and the fourth fibre lay-ups may taper 
from the forming surface of the second mould part towards an outer surface of the core when 
the composite structure is a hollow structure.

[0035] According to a further embodiment, the interface tapers gradually or smoothly.

[0036] The tapering interface between the first and the second fibre lay-ups and/or the third 
and fourth fibre lay-ups, respectively, may also taper stepwise.

[0037] According to a further embodiment of the invention, the interface between the first and 
the second fibre lay-ups and/or the third and fourth lay-ups, respectively, is formed as a tongue 
and a groove in the respective lay-ups.

[0038] The composite structure may also comprise a local thickening at the overlap area so as 
to improve the mechanical strength when the two longitudinal sections are subsequently 
assembled. This means that additional fibre material may be provided at the first fibre lay-up 
and/or the second fibre lay-up at the overlap region.

[0039] A tongue and groove joint is believed to be well-suited for absorbing bending moments 
in a composite structure comprising two assembled composite structure sections manufactured 
by means of the method according to the invention.

[0040] According to an embodiment, the composite structure is at least a part of a shell half of 
a wind turbine blade, the first and the second composite structure sections forming respective 
longitudinal sections of the shell half of the wind turbine blade.

[0041] The first and the second composite structure sections may jointly form the entire shell 
half of the blade when being interconnected. However, it should be noted that the shell half of 
the wind turbine blade may comprise more than two composite structure sections.

[0042] According to an additional embodiment, the hollow composite structure is at least a part 
of a wind turbine blade, the first and the second hollow composite structure sections forming 
respective longitudinal sections of the wind turbine blade.
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[0043] The longitudinal sections may jointly form the entire blade when being interconnected. It 
should, however, be noticed that the hollow composite structure may comprise more than two, 
such as three, hollow composite structure sections.

[0044] In order to further improve the fit between the manufactured composite structure 
sections when these are assemble to form the composite structures, longitudinal extending 
guide means may be arranged in and/or on the first and second lay-ups and/or the third and 
fourth lay-ups, respectively, so as to extend between the respective lay-ups and crossing the 
overlap area therebetween.
The longitudinally extending guide means may comprise at least one guide rod arranged in the 
first and the second lay-ups to longitudinally and sealingly extend through the first flexible foil 
and so that a first portion of the guide rod extends into the first lay-up and a second portion of 
the guide rod extends into the second lay-up. Correspondingly, at least one guide rod may be 
arranged in the first and in the second lay-ups to longitudinally and sealingly extend to the third 
flexible foil and so that a first portion of the guide rod extends into the third lay-up and the 
second portion of the guide rod extends into the fourth lay-up.
The first and/or the second portion of the guide rod are provided with a release agent allowing 
the guide rod to be removed from the respective lay-up after curing of the polymer.

[0045] Thereby, it is possible to use the guide rod as a connection means between the two 
manufactured composite structure sections in addition to using the guide rod as a guide 
means.
Further, after curing of the polymer, guide means may be attached to the first and second 
longitudinal sections of the composite structure, said guide means crossing the overlap area 
therebetween.
Advantageously, the guide means are attached to inner surfaces of the composite structure 
sections.

[0046] After
curing of the polymer the formed composite structure is removed from the mould and the first 
composite structure section is separated from the second composite structure section.

[0047] An embodiment of the invention further comprises transportation of the first and second 
composite structure sections to the site of use. Method claim 1 discloses the interconnection of 
the first and second composite structure sections at the site.
The interconnection may comprise a glue joint in the interface between the first and the second 
composite structure sections.
Connection means usable for interconnecting the first and the second composite structure 
sections may be arranged in and/or on the first and second lay-ups and/or the third and fourth 
lay-ups.
After curing of the polymer, connection means usable for interconnecting the first and the 
second composite structure sections may be attached to said sections. The connection means 
may comprise metal members extending across the joint area between the two sections and 
being connected thereto by means of fastening means such as bolts and/or screws and nuts.
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According to a further aspect, the present invention relates to a wind turbine blade comprising 
a shell half formed by interconnecting longitudinal shell sections manufactured by means of the 
method according to the invention.
According to an additional aspect, the present invention relates to a wind turbine blade formed 
by interconnecting two hollow shell sections manufactured by means of the method according 
to the invention.

[0048] The intermediate products may accordingly comprise at least a first longitudinal 
composite section and a second longitudinal composite section. According to a preferred 
embodiment, the first longitudinal composite section is a first wind turbine blade shell part, and 
the second longitudinal composite section is a second wind turbine blade shell part. Thus, a kit 
of parts comprises a first wind turbine blade shell part and a second wind turbine blade shell 
part. These parts may be transported to and assembled at a wind turbine erection site.

[0049] The invention is explained in detail below with reference to the drawings, in which

Fig. 1 shows a schematic view of a wind turbine blade comprising two shell halves forming the 
pressure side and the suction side of the blade, respectively, and being glued together along 
the chordal plane of the blade,

Fig. 2 shows a schematic plane view of a first rigid mould part to be used for forming the 
pressure side shell half of the blade by means of the method according to the invention,

Fig. 3 is an enlarged sectional view along the lines Ill-Ill in Fig. 2 and shows a first embodiment 
of an overlapping area between fibre lay-ups,

Fig. 4 is an enlarged sectional view corresponding to Fig. 3 of a second embodiment of an 
overlapping area between two lay-ups,

Fig. 5 is an enlarged sectional view corresponding to Fig. 3 and shows a third embodiment of 
an overlap area between two lay-ups,

Fig. 6 is an enlarged sectional view corresponding to Fig. 2 and shows a fourth embodiment of 
an overlap area between two lay-ups,

Fig. 7 is an enlarged sectional view corresponding to Fig. 4 and shows in addition thereto a 
guide rod arranged in the overlap area between the two lay-ups,

Fig. 8 shows schematically a transverse sectional view through mould parts to be used for 
manufacturing a wind turbine blade by hollow moulding and by means of the method according 
to the invention,

Fig. 9 shows schematically a sectional view along the lines IX-IX in Fig. 8,

Fig. 10 is a schematic, longitudinal, sectional view through a joint area between shell sections 
being manufactured by means of the method according to the invention and shows a first 
example of a guide means assisting in guiding the shell sections into their assembled position,
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Fig. 11 is a view corresponding to Fig. 10 showing, however, a second example of a guide 
means,

Fig. 12 is a sectional view corresponding to Fig. 10 showing, however, a first example of 
connection means for mechanically connecting two shell sections manufactured by means of 
the method according to the invention, and

Fig. 13 is a sectional view corresponding to Fig. 12 showing, however, a second example of a 
mechanical connection means.

[0050] Fig. 1 is a schematic view of a wind turbine blade 1 having the shape of a conventional 
blade of an up-wind wind turbine according to the so-called "Danish concept". The blade 1 has 
a longitudinal axis L and comprises a root region 2, a profile or airfoil region 3, and a transition 
region 4 between the root region 2 and the airfoil region 3. The blade 1 comprises a leading 
edge 5 and a trailing edge 6. A chordal plane 7 extends between the leading edge 5 and the 
trailing 6 and defines the transition between a suction side 8 and a pressure side 9 of the blade
1. The chordal plane is illustrated by means of a dot-and-dash line. As previously mentioned, 
the blade 1 is manufactured by using two separately manufactured shell halves, i.e. a pressure 
side shell half and a suction side shell half of the blade, and subsequently gluing the two shell 
halves together. Alternatively, the blade may be manufactured by a hollow moulding method as 
explained later.

[0051] The method according to the invention is now explained by means of an embodiment 
for producing the pressure side shell half by reference to Figs. 2 and 4.

[0052] As indicated in Fig. 1, the shell half 10 comprises two separate shell half sections, i.e. a 
first and a second shell half section 11,12, which are to be interconnected after the 
manufacturing thereof, the shell half sections being manufactured by VARTM. Figs. 12 and 13 
show a fraction of the manufactured shell halves 11,12 assembled to form the shell half 10.

[0053] A first rigid mould part 13 is used for manufacturing the shell half 10. The first rigid 
mould part 13 has a first forming surface 14 with a contour defining the outer surface of the 
shell half 10, i.e. the pressure side 9.

[0054] A first fibre lay-up 15 is arranged in a first longitudinal section 16 of the first mould part 
13. The first fibre lay-up 15 has a first crosswise edge area 17. Thereafter, a first flexible 
polymer foil 18 is arranged over the first fibre lay-up 15 so as to cover the lay-up completely 
and is sealed to the edge 19 of the first mould part 13 so as to form a first mould cavity 24.

[0055] Then, a second fibre lay-up 20 is arranged in a second longitudinal section 21 so that 
the second fibre lay-up 20 overlaps the first crosswise edge area 17 of the first fibre lay-up 15 
and thereby the first flexible foil in an overlap area 22. The overlap area 22 forms an interface 
between the fibre lay-ups.
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[0056] Subsequently, a second flexible polymer foil 23 is arranged over the second lay-up 20 
so as to cover the second lay-up completely and is sealed to the edge 19 of the first mould part 
so as to form a second mould cavity 25.

[0057] The mould cavities 24,25 are now evacuated by being connected to a non-shown 
vacuum source, whereupon liquid polymer, such as polyester or epoxy, is supplied to the 
mould cavities 24,25 through non-shown polymer inlets connected to a polymer source. When 
the mould cavities have been filled with the liquid polymer, the supply thereof is stopped and 
the polymer is allowed to cure.

[0058] After curing, the formed first and second shell half sections 11,12 may be removed from 
the first rigid mould part 13 and connected, preferably by gluing, to corresponding shell half 
sections so as to form two blade sections, thus forming the suction side 8 of the wind turbine 
blade. Alternatively, when being connected to the corresponding shell half sections forming the 
suction side 8 of the blade, the formed shell half sections 11,12 may be retained in the first 
mould part 13. Thereafter, the formed blade sections are removed from the mould part and 
separated from each other. Subsequently, the formed wind turbine sections may be 
transported to the site of use, where a wind power plant is to be erected, and then assembled.

[0059] Above, the method according to the invention has been illustrated by using VARTM for 
manufacturing a composite structure in the form of a wind turbine blade shell half. However, 
any method for producing fibre-reinforced composite structures may be used. As an example, 
it should be mentioned that by using pre-pregs, the method is carried out as illustrated above 
except that polymer is not supplied to the mould cavities after the evacuation thereof as pre­
impregnated fibre material is used in the lay-ups. Instead, the mould part is heated after 
evacuation of the mould cavities in order to liquefy the polymer, which is cured thereafter.

[0060] In the above embodiment, the overlap area, i.e. the interface 22, between the fibre lay­
ups 15,20 tapers gradually and continuously from the upper surface 26 of the first lay-up 15 
towards the first forming surface 14 of the first mould part 13. As shown in Fig. 5, the interface 
22 between the lay-ups 15,20 may, however, also taper stepwise, being formed with a tongue 
27 and glue 28, as shown in Fig. 6, or in its entirety extend essentially parallel to the 
longitudinal axis of the shell half, i.e. the first mould part 13, as shown in Fig. 3. In fact, the 
interface 22 between the lay-ups 15,20 may have any desirable shape.

[0061] Further, in the above described embodiment, the overlap area, i.e. the interface 22, 
between the first and second fibre lay-ups 15,20 extends essentially perpendicular to the 
longitudinal axis of the shell half, i.e. the first mould part 13. However, as shown in Fig. 2 by 
means of dotted lines, the overlap area may also extend obliquely to the longitudinal axis L.

[0062] As shown in Fig. 7, longitudinally extending guide means may be arranged in the first 
and the second fibre lay-ups 15,20 to extend between the fibre lay-ups and crossing the 
overlap area 22 therebetween. The purpose of such guide means is to assist in fitting the 
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formed shell half sections together, when they are to be assembled to form the shell half. In 
Fig. 7, the guide means is formed by a guide rod 29 arranged in the first and the second fibre 
lay-ups 15,20 to longitudinally and sealingly extend through the first flexible foil 18 and so that 
a first portion 30 of the guide rod 29 extends into the first fibre lay-up 15, and a second portion
31 of the guide rod 29 extends into the second fibre lay-up 20. The first end 30 of the guide 
rod 29 is provided with a release agent allowing the guide rod to be removed from the first 
shell half section formed by the first fibre lay-up 15 after curing of the polymer supplied to the 
first fibre lay-up.

[0063] As an alternative to arranging the guide means in the fibre lay-ups, guide means may 
be arranged on upper surfaces 32,33 of the formed shell half sections 11,12. The guide means 
are arranged so as to cross the overlap area 22 therebetween and are preferably arranged 
while the shell half sections 11,12 are still in the first mould part 13. Examples of such guide 
means are shown in Figs. 10 and 11.

[0064] In Fig. 10, the guide means 34 comprises a plate member 35 attached to the upper 
surface 32 of the first shell half section 11 and extending past the overlap area 22. The guide 
means 34 further comprises a second member 36 attached to the upper surface 33 of the 
second shell half section 12. The second member 36 is shaped so as to form a receiving 
space 37 together with the upper surface 33 of the second shell section for fittingly receiving 
an end portion 38 of the plate member 35.

[0065] In Fig. 11, the guide means 39 comprises a first block 40 attached to the upper surface
32 of the first shell half section 11 and provided with a first through-going bore 42, a second 
block 41 attached to the upper surface 33 of the second shell half section 12 and provided with 
a second through-going bore 43, and a longitudinally extending guide pin 44 received in the 
first and the second through-going bores 42,43.

[0066] When assembling the formed first and second composite structure sections 11,12, such 
as shell half sections, a glue joint is normally used in the interface 22 between the sections. In 
addition to the glue joint, the composite structure sections 11,12 may also be interconnected by 
means of mechanical connecting means, such as illustrated in Figs. 12 and 13.

[0067] In Fig. 12, the interconnecting means 45 comprises a first plate provided with an 
opening 47,48 at each end and a second plate 49 provided with a hole with an inner thread 
50,51 at each end thereof. The two plates 46,49 are connected by means of screws 52,53 
extending through respective holes 54,55 in the first shell half section 11 and the second shell 
half section 12, respectively, and screwed into the threads 50,51, respectively.

[0068] The interconnecting means 56 shown in Fig. 13 is based on the guide means shown in 
Fig. 7, which has here been provided with an inner thread 57,58 at each end thereof. Through 
a hole 60 in the first shell half section 11, a first bolt 59 is screwed into the inner thread 57. A 
second bolt 61 is screwed through a hole 62 into an inner thread 58.
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[0069] Although guide means and connection means have been described above by reference 
to shell half sections 11,12, they can be used for guiding any composite structure section into 
its assembled position and interconnecting any composite structure sections manufactured 
according to the present invention.

[0070] In order to illustrate how a hollow composite structure comprising two separate hollow 
composite structure sections can be manufactured in a closed mould by means of the 
invention, reference is made to Figs. 8 and 9. The hollow composite structure is a wind turbine 
blade comprising two hollow blade sections.

[0071] The mould 63 to be used in a VARTM process comprises a flexible and collapsible 
mould core 64, the first rigid mould part 13 described by reference to Figs. 2 and 4, and a 
second rigid mould part 65 having a second forming surface 66 with a contour defining an 
outer surface of the composite structure, in the present case an outer surface of the suction 
side of the blade. The first and second mould parts 13,65 are configured to close around the 
mould core 64 and to be sealed to each other along the edge thereof. The outer surface of the 
mould core may in itself be formed of a flexible and/or resilient polymer foil being able to 
function as a so-called vacuum foil or vacuum bag, or such a foil may be arranged over the 
entire outer surface of the mould core.

[0072] Initially, the first fibre lay-up 15 is arranged on the first longitudinal section 16 of the first 
mould part 13 so as to define the first crosswise edge area 17. Then, a first flexible polymer foil 
67 is arranged over the first crosswise edge area as shown in Fig. 9.

[0073] Then, the second fibre lay-up 20 is arranged in the second longitudinal section 21 of 
the first mould part 13 so that it overlaps the first crosswise edge area of the first fibre lay-up 
and thereby the first flexible foil 67 in the overlap area forming the interface 22 between the 
fibre lay-ups 15,20.

[0074] As shown more clearly in Fig. 8, the fibre lay-ups 15,20 comprise one or more lower 
fibre layers 68 arranged on the first forming surface 14, one or more upper fibre layers 69 
being separated from the lower fibre layer 68. The layers 68,69 are separated by means of a 
first fibre insertion 70 comprising a plurality of fibre layers, a first core part 71, and a second 
core part 72 as well as a first fibre-reinforcement 73 comprising a plurality of fibre layers and a 
second fibre-reinforcement 74 comprising a plurality of fibre layers.

[0075] Next, the mould core 64 is arranged on the first and second fibre lay-ups 15,20 and the 
first flexible foil 67. Thereafter, a third fibre lay-up 75 is arranged on a first longitudinal section 
76 of the mould core 64. The third fibre lay-up 75 has a second crosswise edge area 77. Then, 
a third flexible foil 78 is arranged over the second crosswise edge area 77. Thereafter, a fourth 
fibre lay-up 79 is arranged on a second longitudinal section 80 of the mould core 64. The 
fourth fibre lay-up 79 is arranged so that it overlaps the second crosswise edge area 77 of the 
third fibre lay-up 75 and thereby the third flexible foil 78 in an overlap area 81 forming an 
interface between the third and the fourth fibre lay-ups. As is evident from Fig. 8, the fibre lay­
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ups 75, 79 correspond essentially to the fibre lay-ups 15,20, and a detailed description thereof 
is therefore omitted. Together the lay-ups 15,79 form a first hollow lay-up, which will be 
incorporated into a first hollow blade section, whereas the lay-ups 20,75 form a second hollow 
lay-up, which will be incorporated into a second hollow blade section. As can be seen from Fig. 
8, the overlap areas, i.e. interfaces, 22,81 merge into each other as seen circumferentially so 
as to form a circumferentially continuous overlap area between the lay-ups, i.e. the first and 
second hollow lay-ups.

[0076] The mould is now closed by arranging the second mould part 65 over the first mould 
part 13 and the mould core 64. Thereby, a first circumferential mould cavity 82 and a second 
circumferential mould cavity 83 are formed, said cavities being separated by means of the first 
and third flexible foil 67,78.

[0077] Finally, the circumferential mould cavities 82,83 are evacuated and liquid polymer 
supplied to the cavities, whereupon the polymer is allowed to cure.

[0078] When the polymer has cured, the formed hollow blade sections are removed from the 
mould and may be transported to the site of use, i.e. where a wind power plant is to be erected 
and assembled at that site.

[0079] Finally, it should be noted that instead of arranging the third and fourth fibre lay-ups 
75,79 and the third foil 78 on the mould core 64, they could be arranged on the second 
forming surface 66 of the second mould part 65 and retained in the second mould part 65, 
when it is arranged over the mould core and the first mould part in order to close the mould.

[0080] The invention has been described with reference to advantageous embodiments. 
However, the scope of the invention is not limited to the illustrated and described 
embodiments, and alterations and modifications can be carried out without deviating from the 
scope of the invention as defined in the appended claims.

List of reference numerals

[0081]

1. Wind turbine blade

2. Root region

3. Airfoil region

4. Transition region

5. Leading edge

6. Trailing edge
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7. Chordal plane

8. Suction side

9. Pressure side

L longitudinal axis

10. Composite structure; shell half

11. First composite structure section, first shell half section

12. Second composite structure section; second shell half section

13. First rigid mould part

14. First forming surface

15. First fibre lay-up

16. First longitudinal section

17. First crosswise edge area

18. First flexible polymer foil

19. Edge

20. Second fibre lay-up

21. Second longitudinal section

22. Overlap area; interface

23. Second flexible polymer foil

24. First mould cavity

25. Second mould cavity

26. Upper surface

27. Tongue

28. Groove

29. Guide rod

30. First portion

31. Second portion
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32. First upper surface

33. Second upper surface

34. Guide means

35. Blade member

36. Second member

37. Receiving space

38. End portion

39. Guide means

40. First block

41. Second block

42. First through bore

43. Second through bore

44. Guide pin

45. Interconnecting means

46. First plate

47. Opening

48. Opening

49. Second plate

50. Hole with inner thread

51. Hole with inner thread

52. Screw

53. Screw

54. Hole

55. Hole

56. Interconnecting means

57. Inner thread

58. Inner thread
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59. First bolt

60. Hole

61. Second bolt

62. Hole

63. Mould

64. Mould core

65. Second rigid mould part

66. Second forming surface

67. First polymer foil

68. Lower fibre layer

69. Upper fibre layer

70. First fibre insertion

71. First core part

72. Second core part

73. First fibre-reinforcement

74. Second fibre-reinforcement

75. Third fibre lay-up

76. First longitudinal section of mould core

77. Second crosswise edge area

78. Third flexible polymer foil

79. Fourth fibre lay-up

80. Second longitudinal section of mould core

81. Overlap area; interface

82. First circumferential mould cavity

83. Second circumferential mould cavity.



DK/EP 2418072 T3

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not 
form part of the European patent document. Even though great care has been taken in 
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all 
liability in this regard.

Patent documents cited in the description

EP1310351A
• EP1584817A1 [60101
• US3967996A [00111
• US20080115887A (00121



DK/EP 2418072 T3

5

10

15

20

25

30

35

1

Krav

1. En fremgangsmåde til fremstilling af et langstrakt kompositlegeme (10) med en 
langsgående akse (L) og omfattende i det mindste en første og en anden separat, 

langsgående kompositlegemedel (16, 21) og værende dannet i et forstærket polymer­

materiale omfattende en polymermatrix og fibermateriale indlejret i polymermatricen, 
hvor fremgangsmåden omfatter følgende trin:

a) tilvejebringelse af en første stiv støbeformsdel, der har en første formoverflade 

med en kontur, som definerer en ydre overflade på det langsgående komposit­

legeme,

b) placering af et første fiberoplæg (15) i en første langsgående sektion (13) af den 

første støbeformsdel, idet det første fiberoplæg definerer et første tværsnitskant­

område (17),

c) placering af i det mindste en første fleksibel og fortrinsvist elastisk folie (18), for­

trinsvist en polymerfolie, over i det mindste det første tværsnitskantområde af det 
første fiberoplæg,

d) placering af et andet fiberoplæg (20) i en anden langsgående sektion (21) af den 

første støbeformsdel så det andet fiberoplæg overlapper det første tværsnitskant­

område og derved den første fleksible folie i et overlapområde, der danner en 

grænseflade mellem det første fiberoplæg og det andet fiberoplæg,

e) forsyning af polymer til den første og den anden sektion samtidigt med henholds- 
vist trin b) og d) og/eller efter trin d), og

f) hærdning eller tillade polymeren at hærde for at danne den første separate langs­

gående kompositlegemesektion og den anden separate langsgående kompositle- 

gemesektion, hvor fremgangsmåden er kendetegnet ved,

g) adskillelse af den første separate langsgående kompositlegemesektion og den 

anden separate langsgående kompositlegemesektion fra hinanden ved overlap­

området (22), der danner en grænseflade, og
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h) senere samling af den første og den anden langsgående kompositlegemesektion 

(16, 21) ved grænsefladen (22) for at danne den langsgående kompositlegeme.

2. Fremgangsmåde ifølge krav 1, hvor den i det mindste ene første fleksible folie I 

trin c) placeres for at dække hele det første fiberoplæg og forsegles til den første stø­

beformsdel for at danne et første formhulrum, og hvor en anden fleksibel og fortrinsvis 

elastisk folie, fortrinsvist en polymerfolie, efter trin d) og før trin f) placeres over hele det 

andet fiberoplæg og forsegles til den første støbeformsdel for at danne et andet form­

hulrum.

3. Fremgangsmåde ifølge krav 1, yderlige omfattende trinnet til placering af i det 

mindste en anden fleksibel folie, fortrinsvist en polymerfolie, over det første og det an­

det fiberoplæg og forsegling af den i det mindste ene anden fleksible folie til den første 

støbeformsdel til dannelse af et første formhulrum og et andet formhulrum, det første 

og det andet formhulrum værende adskilt af den første fleksible folie.

4. Fremgangsmåde ifølge krav 1, hvor kompositlegemet er et hult legeme dannet i 

en lukket støbeform, idet den lukkede støbeform omfatter en fleksibel, fortrinsvist ela­
stisk, og kollapsbar støbeformskerne, hvor den første stive støbeformsdel (13) og en 

anden stiv støbeformsdel (65) havende en anden støbeformsoverflade med en kontur, 

der definerer en ydre overflade af kompositlegemet, hvor den første og den anden stø­

beformsdel placeres til at omslutte støbeformskernen, og hvor følgende trin udføres ef­
ter trin d):

placering af støbeformskernen (64) på det første og andet fiberoplæg samt den 

første fleksible folie,

placering af et tredje fiberoplæg (75) på en første langsgående sektion af kernen 

og/eller den anden støbeformsdel, idet det tredje fiberoplæg definerer et andet 

tværsnitskantområde,

placering af en tredje fleksibel folie, fortrinsvist en polymerfolie, over i det mindste 

det andet tværsnitskantområde,

placering af et fjerde fiberoplæg (79) på en anden langsgående sektion af kernen 

og/eller den anden støbeformsdel så det fjerde fiberoplæg overlapper det andet 

tværsnitskantområde på det tredje fiberoplæg og derved den tredje fleksible folie i 

et andet overlapområde, som danner en anden grænseflade mellem det tredje og 

fjerde fiberoplæg, og
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lukning af støbeformen ved placering af den anden støbeformsdel over den første 

støbeformsdel og støbeformskernen til dannelse af et første omsluttende formhul­

rum og et andet omsluttende formhulrum, hvor det første og det andet omslutten­
de formhulrum er adskilt ved hjælp af den første og den tredje folie.

5. Fremgangsmåde ifølge ethvert af kravene 2-4, hvor det første og det anden form­
hulrum evakueres før trin e).

6. Fremgangsmåde ifølge ethvert af kravene 2-5, hvor flydende polymer forsynes til 

det første og det andet formhulrum under trin e) for at fylde formhulrummene med po­
lymer.

7. Fremgangsmåde ifølge ethvert af de foregående krav, hvor for-imprægneret fi­

bermateriale placeres i det den første og/eller anden langsgående sektion af den første 

støbeformsdel under trin b) og/eller trin d).

8. Fremgangsmåde ifølge ethvert af de foregående krav, hvor grænsefladen mellem 

henholdsvis det første og det andet fiberoplæg og/eller det tredje og det fjerde fiberop­
læg er i hovedsagen parallel med den langsgående akse af kompositstrukturen, som 

skal fremstilles.

9. Fremgangsmåde ifølge ethvert af kravene 1-7, hvor grænsefladen mellem det før­

ste fiberoplæg og det andet fiberoplæg aftrappes fra en øvre overflade af det første fi­

beroplæg mod den første støbeformsoverflade af den første støbeformsdel.

10. Fremgangsmåde ifølge krav 9, hvor grænsefladen aftrappes gradvist.

11. Fremgangsmåde ifølge ethvert af de foregående krav, hvor grænsefladen mellem 

henholdsvist det første og det andet fiberoplæg og/eller det tredje og det fjerde fiberop­

læg er dannet som en feder og not i de respektive oplæg.

12. Fremgangsmåde ifølge ethvert af kravene 1 -3 og 5-11, hvor kompositlegemet er i 

det mindste del af en vingeskalhalvdel af vindmøllevingen, hvor den første og den an­
den kompositlegemesektion danner respektive langsgående sektioner af vingeskal- 

halvdelen af vindmøllevingen.
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13. Fremgangsmåde ifølge krav 4, hvor det hule kompositlegeme i det mindste er del 
af en vindmøllevinge, hvor den første og den anden kompositlegemesektion danner re­

spektive langsgående sektioner af vindmøllevingen.

5 14. Fremgangsmåde ifølge ethvert af de foregående krav, hvor det dannede kompo­

sitlegeme efter hærdning af polymeren fjernes fra støbeformen og den første kompo- 
sitstruktursektion adskilles fra den anden kompositstruktursektion.

15. Fremgangsmåde ifølge krav 14, yderligere omfattende transport af den første og 

10 den anden kompositlegemesektion til anvendelsesstedet og samling af den første og 

den anden kompositlegemesektion ved anvendelsesstedet.



DK/EP 2418072 T3

DRAWINGS



DK/EP 2418072 T3



DK/EP 2418072 T3

Fig. 3

Fig. 4
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Fig. 7
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Fig. 10

Fig. 8
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