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(587) Abstract: The invention relates to a method of producing a shell member of fibre composite material by means of vacuum
infusion, where the fibre material is impregnated with liquid polymer, and applying a mould (18) with a mould cavity. In the mould
cavity a lower distribution layer (11) is placed. A fibre insertion (1) including a plurality of fibre layers is placed above the lower
@\ distribution layer (11). A first upper distribution layer (9) and a second upper distribution layer (10) are placed at a transverse distance
\D of each other above the fibre insertion, so that at least a part of the first distribution layer overlaps a first zone (2) of the fibre insertion
(1), and at least a part of the second distribution layer overlaps a second zone (3) of the fibre insertion (1), the first zone (2) and the
second zone (3) being separated by an intermediate zone (6) neither overlapping the first nor the second distribution layer (9, 10).
A first inlet channel (7) is placed above the first distribution layer (9), and a second inlet channel (8) is placed on top of the second
distribution layer (10). Above the intermediate zone (6) of the fibre insertion (1) a semi-permeable membrane (5) is placed, which
may expand overlappingly over the first distribution layer (9) and/or the second distribution layer (10), and which is permeable to
gasses and substantially impermeable to liquid polymer, said semi-permeable membrane (5) communicating with a vacuum source.
@\ Finally, in a manner known per se, a vacuum bag (19) is placed on top of the mould (18), which is evacuated of air by means of the
vacuum source, and polymer is directed into the mould via the first and the second inlet channels (7, 8). The invention also relates

to an apparatus for providing polymer for use with the method.
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Title: Method and apparatus for providing polymer to be used at vacuum infu-

sion

Technical Field

The present invention relates to a method of producing a shell member of fibre
composite material by means of vacuum infusion, where the fibre material is
impregnated with liquid polymer, and where a mould with a mould cavity is ap-
plied. Furthermore the invention relates to an apparatus for providing polymer to
be used at vacuum infusion in connection with manufacturing preferably oblong
shell members.

Thus the invention relates to a method and an apparatus for producing fibre
composite mouldings by means of VARTM (vacuum assisted resin transfer
moulding), where liquid polymer, also called resin, is filled into a mould cavity, in
which fibre material priorly has been inserted, as a vacuum is generated in the
mould cavity hereby drawing in the polymer. The polymer can be thermoset
plastic or thremoplast.

Prior Art

Vacuum infusion is a process used for moulding fibre composite mouldings,
where uniformly distributed fibres, said fibres being rovings, i.e. bundles of fibre
bands, bands of rovings or mats, which are either felt mats made of individual
fibores or woven mats made of fibre rovings, are layered in one of the mould
parts. The second mould part is often made of a resilient vacuum bag, and is
subsequently placed on top of the fibre material. By generating a vacuum, typi-
cally 80 to 90% of the total vacuum, in the mould cavity between the inner side
of the mould part and the vacuum bag, the liquid polymer can be drawn in and
fill the mould cavity with the fibre material contained herein. So-called distribu-
tion 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 polyes-
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ter or epoxy, and the fibre reinforcement is most often based on glass fibres or

carbon fibres.

During the process of filling the mould, a vacuum, said vacuum in this connec-
tion being understood as a negative pressure, is generated via the vacuum
channels in the mould cavity, 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 a flow front moves towards the vacuum channels. Thus it
is important to position the inlet channels and vacuum channels optimally in or-
der to obtain a complete filling of the mould cavity. Ensuring a complete distribu-
tion of the polymer in the entire mould cavity is, however, often difficult, and ac-
cordingly this often results in so-called dry spots, i.e. areas with fibre material
not being sufficiently impregnated with resin. Thus dry spots are areas where
the fibre material is not impregnated, and where there can be air pockets, which
are difficult or impossible to remove by controlling the vacuum pressure and
possibly an overpressure at the inlet side. In connection with vacuum infusion,
employing a solid mould part and a resilient mould part in the form of a vacuum
bag, the dry spots can be repaired after the process of filling the mould by for
example puncturing the cloth in the respective location and by drawing out air
for example by means of a syringe needle. Liquid polymer can optionally be in-
jected in the respective location, and this can for example be done by means of
a syringe needle as well. This is a time-consuming and tiresome process. In the
case of large mould parts, staff have to stand on the vacuum bag, which is not
desirable, especially not when the polymer has not hardened, as it can result in
deformations in the inserted fibre material and thus in a local weakening of the

structure.

Patent literature discloses examples of the use of a semi-permeable membrane,
which increases the area, in which the vacuum is active, and thus reduces the
above problems. In this connection the term semi-permeable membrane means

a membrane, which is permeable to gasses but impermeable to liquid polymer.
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Thus if a semi-permeable membrane is placed across the fibre insertion, air pockets can
be removed more easily.

As for instance blades for wind turbines have become bigger and bigger in the
course of time, and may now be more than 60 meters long, the impregnation time in
connection with manufacturing such blades has increased, as more fibre material has to be
impregnated with polymer. Furthermore the infusion process has become more
complicated, as the impregnation of large shell members, such as blades, requires control
of the flow fronts to avoid dry spots, said control may e.g. include a time-related control
of inlet channels and vacuum channels. This increases the time required for drawing in or
injecting polymer. As a result the polymer has to stay liquid for a longer time, normally

also resulting in an increase in the curing time.

Object of the Invention
It is the object of the present invention to substantially overcome or ameliorate

one or more of the disadvantages of the prior art.

Summary of the Invention

The present invention provides a method of producing a shell member of fibre
composite material by means of vacuum infusion, where the fibre material is impregnated
with liquid polymer, and applying a mould with a mould cavity, wherein, in the mould
cavity:

a) a lower distribution layer is placed,

b) a fibre insertion including a plurality of fibre layers is placed above the lower
distribution layer,

¢) a first upper distribution layer and a second upper distribution layer are placed
at a transverse distance of each other above the fibre insertion, so that at least a part of the
first distribution layer overlaps a first zone of the fibre insertion, and at least a part of the
second distribution layer overlaps a second zone of the fibre insertion, the first zone and
the second zone being separated by an intermediate zone neither overlapping the first nor
the second distribution layer,

d) a first inlet channel is placed above the first distribution layer,

e) a second inlet channel is placed on top of the second distribution layer,

f) above the intermediate zone of the fibre insertion a semi-permeable membrane
is placed, which may expand overlappingly over the first distribution layer and/or the

second distribution layer, and which is permeable to gasses and substantially

AH21(3453978 1):MLW
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impermeable to liquid polymer, said semi-permeable membrane communicating with a
vacuum source, whereafter

g) a vacuum bag is placed on top of the mould, which is evacuated of air by
means of the vacuum source, and polymer is directed into the mould via the first and the
second inlet channels.

The term "distribution layer" is to be understood as a layer, which allows a
higher flow speed for liquid polymer than the fibre insertion does. Hereby, first the liquid
polymer quickly spreads within the two upper distribution layers, whereafter a flow front
of polymer moves through the first and the second zone. When the flow front reaches the
bottom side of the fibre insertion, the polymer subsequently quickly spreads within the
lower distribution layer, whereby liquid polymer is drawn in below the intermediate zone.
The flow front subsequently moves upwards through the intermediate zone and up
towards the semipermeable membrane, which is connected to a vacuum source. At the
end of the impregnation phase or the injection phase the flow front forms a predominantly
v-shaped flow front, whereby it is ensured that air pockets do not arise in the fibre
insertion. As the width of the fibre insertion is often somewhat bigger than the thickness
of the fibre insertion, this method ensures that the impregnation time is minimised, as a
relatively wide flow front first moves down through the first zone and the second zone
and then moves upwards through the intermediate zone. Hereby the total length to be
passed by the flow front of polymer is minimised compared to e.g. impregnation
processes, where the flow front predominantly moves transversely in the plane of the
fibre insertion. As the impregnation time is reduced, the subsequent curing time can also
be reduced, and thus the total time for manufacturing e.g. blades for wind turbines. The

method is particularly suitable for manufacturing oblong shell members.

AH21(3453978 I:MLW
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Furthermore this method has the advantage that all inlets can be opened at the
same time. This means that the method does not require any individual as-
sessment of how far the flow front has moved, and when the next inlet is to be
opened, while it still provides a good and homogeneous quality of the impregna-
tion.

The distribution layer may for instance be made from porous core material, e.g.
balsa, provided with channels, which are formed like recesses in the surface,
and which extend along the plane of the distribution layer, often perpendicular
to the longitudinal direction of the blade. The channels may, however, also ex-
pand in other angles compared to the longitudinal direction of the blade. Alter-
natively, the distribution layer may be made of a net or a fibre mat with a high
permeability.

According to an advantageous embodiment of the method according to the in-
vention, a plurality of fibre layers is placed in the mould cavity prior to step a),
and preferably also a gel coat defining the exterior of the finished moulded shell

member.

According to another advantageous embodiment, a plurality of fibre layers is
placed in the mould cavity between steps b) and c), said plurality of fibre layers
defining the interior of the finished moulded shell member. The fibre layers of
the finished moulded shell member are preferably relatively thin.

According to a preferred embodiment, a tear-off layer, preferably in the form of
a perforated film, is placed on top of the upper fibre layer or on top of the fibre
insertion. Hereby the upper distribution layers, the semi-permeable membrane
and the inlet channels can be removed easily after curing has finished by tear-

ing off the tear-off layer, on top of which all these elements are placed.

According to an advantageous embodiment of the invention, the fibre insertion
constitutes a main laminate, which is a longitudinal reinforcement section in a

blade shell half for a blade of a wind turbine. Such a main laminate makes the
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blade of the wind turbine rigid and absorbs great stress loads during the operation of the
wind turbine. According to another advantageous embodiment the fibre insertion is a root
laminate, which is a reinforcement section in the root area of a blade shell half for the
blade of a wind turbine. This root laminate will preferably extend predominantly in the
transverse direction of the entire root area. Furthermore, the fibre insertion can also be
front or back reinforcements of a blade shell half for a blade of a wind turbine. The
method according to the invention makes it possible to start all inlets at the same time and
thus impregnate all laminates at the same time, with known systems this would require a
temporal control of the inlet channels and/or vacuum channels in order to ensure that dry
spots are avoided. Thus a substantial reduction of the total impregnation time can be
achieved.

According to an embodiment the fibre insertion is 10-100 mm, 20-80 or 30-50
mm thick. According to an advantageous embodiment the intermediate zone is 50-1000
mm, 70-500 mm or 100-200 mm wide.

Vacuum channels may be provided along the rims of the mould. Hereby e.g. the
parts of the blade shell half at each side of the main laminate are injected efficiently with
polymer.

The present invention also provides an apparatus for providing polymer to be
used at vacuum infusion in connection with manufacturing preferably oblong shell
members, wherein the apparatus includes:

- a first distribution layer and a second distribution layer extending parallel in a
longitudinal direction at a transverse distance to each other, thus providing an
intermediate, longitudinal zone between the first distribution layer and the second
distribution layer, and

- a semi-permeable membrane covering at least substantially the entire

intermediate zone, and which is adapted to communicate with a vacuum source.

AH21(3453978 1)XMLW
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According to a preferred embodiment the apparatus according to the invention
furthermore includes: a first inlet channel adapted to be able to be connected to
a polymer source, and which has one or more openings facing towards the first
distribution layer, and a second inlet channel adapted to be able to be con-
nected to a polymer source, and which has one or more openings facing to-

wards the second distribution layer.

According to an advantageous embodiment the semi-permeable membrane is
placed between the first distribution layer and the second distribution layer.
Thus the two distribution layers and the semi-permeable membrane can be

formed as e.g. a joint bag.

According to an alternative advantageous embodiment, the semi-permeable
membrane is placed so that it overlaps the first distribution layer and/or the sec-

ond distribution layer.

According to a preferred embodiment the inlet channels are formed as tubes
with an omega profile. The inlet channels can also be formed as tubes with per-

forations.

According to an advantageous embodiment of the apparatus for providing
polymer, the semi-permeable membrane forms part of a longitudinal vacuum

channel.

According to another embodiment, the apparatus includes a preferably oblong
membrane bag with a front, a back, a central vacuum channel and two inlet
channels extending at each side of the vacuum channel, the front in the area of
the vacuum channel being constituted by the semi-permeable membrane and in
the area of the inlet channels being permeable to liquid polymer. Hereby a par-
ticularly simple embodiment is provided.
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According to a preferred embodiment of the apparatus for providing polymer,
said apparatus furthermore includes a tear-off layer, preferably in the form of a
perforated film, placed externally compared to the two distribution layers.
Hereby the distribution layers and the vacuum bag as well as possibly the inlet
channels and/or vacuum channels can be placed on the tear-off layer, whereby
all of these components can be removed jointly after finished manufacturing of

e.g. a blade for a wind turbine.

According to an embodiment the apparatus for providing polymer furthermore
includes a third distribution layer, which is placed at a transverse distance from
the second distribution layer, and a further semi-permeable membrane, which is
placed between or partially overlapping the second and third distribution layer.
Thus the apparatus for providing polymer can according to the same principle

include further distribution layers and semi-permeable membranes.

Brief description of the drawings

The invention is explained in detail below with reference to an embodiment
shown in the drawings, in which

Fig. 1 is a diagrammatic cross section through an arrangement for carrying out
the method according to the invention,

Figs. 2a-h are diagrammatic cross sections showing how liquid polymer spreads

in the fibre insertion by the method according to the invention, and

Fig. 3 shows a diagrammatic cross section through another arrangement for
carrying out the method according to the invention.

Best mode for carrying out the invention
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The section shown in Fig. 1 through a mould for manufacturing a blade shell
half for a blade of a wind turbine by means of vacuum infusion shows a solid
mould part 18 with a top side matching the exterior side of the finished blade
shell half. For illustrative reasons the top side of said mould part 18 is shown as
being plane, but it will typically be curved to the desired form of the blade shell
half. First, a so-called gel coat is placed on the inner side of the mould part 18,
said gel coat later on forming the outside of the finished blade shell half. Above
the gel coat is placed a fibre material consisting of a plurality of lower, prefera-
bly thin, fibre layers 21, above which a lower distribution layer 11 is placed. A
fibre insertion 1 is placed on top of the distribution layer 11 and the fibre layers
21, and next to said fibre insertion a filling material or sandwich material, such

as balsa 12 or PVC foam, is placed.

Above the fibre insertion 1, in the shown embodiment constituting the main
laminate of the blade, a fibre material in form of a plurality of upper, preferably
thin, fibre layers 22 is placed. An apparatus for providing polymer, which is laid
into the mould part 18, so that it extends in the longitudinal direction of the
mould part, is placed on top of the upper fibre layers 22. The apparatus for pro-
viding polymer includes a tear-off layer 20, a first upper distribution layer 9, a
second distribution layer 10 and a vacuum channel 15 with a semi-permeable
membrane 5. The first 9 and the second 10 distribution layer are placed so that
they extend predominantly parallel in the longitudinal direction at a transverse
distance to each other. The first upper distribution layer 9 is placed so that it
overlaps a first zone 2 of the main laminate 1, and the second distribution layer
is placed so that it overlaps a second zone 3 of the main laminate, thus creating
an intermediate zone 6 between the first and the second zone 2, 3.

Here the vacuum channel 15 is shown in an embodiment, where the semi-
permeable membrane 5 partly overlaps the two upper distribution layers 9, 10,
but the vacuum channel 15 can also be placed between the two upper distribu-
tion layers 9, 10. The apparatus for providing polymer can furthermore include a
first inlet channel 7 with one or more openings, which are permeable to liquid

polymer, and which face the first upper distribution layer 9, and a second inlet
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channel 8 with one or more openings, which are permeable to liquid polymer,
and which face the first upper distribution layer 10. Alternatively the two inlet
channels 7, 8 can subsequently be placed as separate units on top of the first

and the second distribution layer 9, 10, respectively.

The different distribution layers 9, 10, 11 can e.g. be made from porous core
material, e.g. balsa, provided with channels formed as recesses in the surface
and extending in the plane of the distribution layer, often perpendicular to the
longitudinal direction of the blade. The channels can, however, also extend at
any other possible angle compared to the longitudinal direction of the blade. Al-

ternatively the distribution layer is a net or a fibre mat with high permeability.

At the top an airtight vacuum bag 19 is placed, together with the solid mould
part 18 forming a mould cavity. Furthermore, vacuum channels, e.g. in the form

of perforated vacuum tubes, can be placed at the flanges of the mould.

During the process of filling the mould the vacuum channel 15 and possibly
other applied vacuum channels communicate with a vacuum source, and the
inlet channels 7, 8 communicate with a polymer source with liquid polymer. The
vacuum in the vacuum channels creates a vacuum in the entire mould cavity
between the solid mould part 18 and the vacuum bag 19, hereby drawing poly-
mers through the inlet channels 7, 8 into the mould cavity as the polymer
spreads through and impregnates the fibre materials 1, 21, 22. When curing is
completed, the vacuum bag 19 and the tear-off layer 20 are removed together

with the upper distribution layer 9, 10 and the vacuum channel 15.

It is not shown in Fig. 1, but the leading edge and the trailing edge of the blade
shell part typically have rim reinforcements of fibre material. As seen in Fig. 1, a
part of the mould cavity in the area between the main laminate 1 and the rim re-
inforcements is filled with filling material, such as plate-formed balsa 12. This
plate-formed balsa material is porous and thus permeable to liquid polymer. The
balsa 12 is typically provided with channels extending in the plane of the distri-

bution layer perpendicular to and in the longitudinal direction of the blade shell
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half. The channels can e.g. be formed by placing baisa blocks on a permeable
cloth or net. These channels ensure that liquid polymer can spread quickly in
the plane of the distribution layer. The filling material need not, however, be
balsa, but can be of any other material with good flow qualities. This could be
PVC foam or a loosely woven mat of glass fibre or a similar net structure with

high permeability and large capacity.

During the process of filling the mould, liquid polymer flows from the inlet chan-
nels 7, 8 into the mould cavity due to the vacuum in the mould cavity. Due to the
vacuum in the entire mould cavity, the liquid polymer is both drawn towards the
leading edge and trailing edge of the blade shell part and into the fibre insertion
1 of the main laminate.

Figs. 2a-h show how the fibre material 3 of the main laminate is impregnated
with liquid polymer during the process of filling the mould. For the sake of sim-
plicity, the dispersion of the polymer in the filling material 12 is not shown. Prior
to the start of the process of filling the mould, air is evacuated in the mould cav-
ity by means of the vacuum channels 15 and possibly other vacuum channels,
which e.g. can be placed at the front or back of the blade shell half. The
evacuation of the air creates a vacuum which is to be understood as a negative

pressure in the mould cavity.

Fig. 2b diagrammatically shows the start of the process of filling the mould,
where the inlet channels 7, 8 are filled with liquid polymer, indicated by the dark
colour. At the start of the process of filling the mould, liquid polymer is directed
to the two upper distribution layers 9, 10, which are quickly filled with polymer
due to the high permeability for the distribution layers, shown in Fig. 2c. Hereaf-
ter the polymer siowly spreads down through the main laminate 1 as shown in
Fig. 2d, as the liquid polymer creates two wide flow fronts moving down through
the first zone 2 and the second zone 3, respectively. At the same time, some of
the polymer is drawn into the intermediate zone 6 towards the semi-permeable
membrane 5.
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When the flow front reaches the lower distribution layer 11 as shown in Fig. 2e,
the polymer quickly spreads herein and thus in below the intermediate zone 6
due to the high permeability of the material. Subsequently, as shown in Fig. 2f,
the flow front moves upwards through the intermediate zone 6 and finally, as
shown in Fig. 2g, form a desired v-shape ensuring that no air pockets arise. At
the end, the entire main laminate 1 is impregnated as shown in Fig. 2h, where-
after the curing process is started.

The upper distribution layers 9, 10 and the lower distribution layer 11 ensure
that liquid polymer spreads in the main laminate 1 with relatively wide flow
fronts on the way down through the first and the second zone 2, 3 as well as on
the way up through the intermediate zone 6. As the width of the main laminate
is often many times the size of the thickness of the main laminate, it is ensured
that the flow front of polymer is to move the shortest distance possible, whereby
the impregnation time can be reduced and thus also the subsequent curing
time. Thereby the total time for manufacturing e.g. a blade for a wind turbine
can be reduced substantially. Tests with the shown impregnation process have
shown that the impregnation time can be reduced by between a third and half of

the impregnation time by using techniques known per se.

To ensure that the flow front of polymer only moves slowly transversely in the
main l[aminate 1 towards the intermediate zone 6, the material of the main lami-
nate 1 can be built up in such a way that it has a higher permeability across the
fibre layers than in the plane of the fibre layers.

In Figs. 1 and 2 the lower distribution layer 11 is shown as being wider than the
main laminate 3. This, however, is not necessary. The distribution layer, how-
ever, has to be at least as wide as the intermediate zone 6, so that the distribu-
tion layer 11 can "get hold of’ the flow fronts, which move downwards through
the first zone 2 and the second zone 3.

To ensure that air pockets do not arise during the process of impregnation it is
furthermore important that the thickness of the main laminate 1 and the width of
the intermediate zone 6 are mutually dimensioned appropriately. The width of
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the intermediate zone 6 can be bigger, e.g. 2-3 times bigger and typically

approx. five times as big as the thickness of the main laminate 1.

The inlet channels 7, 8 can be dimensioned so that a large amount of liquid
polymer can flow through them. At the end of the process of filling the mould the
polymer source can be closed prior to closing the vacuum source, whereby the
inlet channels 7, 8 can be emptied of liquid polymer more easily. This reduces
the polymer wastage.

The vacuum channel 15 can be formed by the semi-permeable membrane 5
and a cloth, wherein distance material can be placed in the form of a three-
dimensional net or the like in order to ensure that the membrane 5 and the cloth

do not collapse during the process of filling the mould, during which a vacuum is

~ established in the vacuum channel 15.

For the inlet channels 7, 8, Q-shaped profile members or perforated tubes
known per se can be used. The vacuum channels can also be formed as Q-
shaped profile members or perforated tubes. If perforated vacuum tubes are
applied, they may be reinforced by a helical rigid member extending into the

tube and preventing it from collapsing due to the vacuum.

Fig. 3 shows a section through a mould for manufacturing a blade shell half for
of blade of a wind turbine, where the section shows the root area of the blade.
For illustrative reasons the mould 18 is shown "unfolded”, so that the surface 18
of the mould is shown as being plane. In reality, it is, of course, curved, as the
root profile of a blade is typically substantially circular. First a gel coat is pro-
vided at the inside of the mould part 18, said gel coat constituting the outside of
the finished blade shell half. Above the gel coat a fibre material is placed, which
consists of a plurality of lower fibre layers 21’, above which a lower distribution
layer 11’ is placed. A fibre insertion 1’ is placed above the distribution layer 11'.

On top of the fibre insertion 1', in the shown embodiment constituting the root
laminate of the blade, a fibre material in the form of a plurality of upper fibre lay-

ers 22’ is placed. Above the upper fibre layers 22’, an apparatus for providing
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polymer is placed, said apparatus being laid into the mould part 18, so that it ex-
tends in the longitudinal direction of the mould part. The apparatus for providing
polymer includes a tear-off layer 20, a first upper distribution layer 9’, a second
distribution layer 10’ and a first vacuum channel 15’ with a first semi-permeable
membrane 5. The first 9" and the second 10’ distribution layer are placed so that
they extend substantially parallel in the longitudinal direction at a transverse dis-
tance to each other. The apparatus for providing polymer can furthermore in-
clude a first inlet channel 7’ with one or more openings which are permeable to
liquid polymer, and which face the first upper distribution layer 9’, and a second
inlet channel 8’ with one or more openings, which are permeable to liquid poly-
mer, and which face the first upper distribution layer 10’. Alternatively the two
inlet channels 7°, 8’ can subsequently be laid as separate units on top of the first

and the second distribution layer 9’, 10, respectively.

According to the embodiment shown in Fig. 3, the apparatus for providing poly-
mer furthermore includes a third distribution layer 32 with a third inlet channel
31 placed above hereof. The third distribution layer 32 is placed at a transverse
distance from the second distribution layer 10'. A second semi-permeable
membrane 39, forming part of the vacuum channel, is placed between or partly
overlapping the second distribution layer 10’ and the third distribution layer 32.
The apparatus for providing polymer furthermore includes a fourth distribution
layer 36 with a fourth inlet channel 35 placed above hereof. The fourth distribu-
tion layer 36 is placed at a transverse distance from the first distribution layer 9'.
A third semi-permeable membrane 40, forming part of a vacuum channel, is
placed between or partly overlapping the first distribution layer 9’ and the fourth
distribution layer 36.

At the top an airtight vacuum cloth 19’ is provided, said vacuum cloth forming a
mould cavity together with the solid mould part 18. Furthermore, at the flanges
of the mould, a first and a second outer vacuum channel 33, 37, e.g. in the form
of perforated vacuum tubes with corresponding semi-permeable membranes
34, 38 are placed.
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During the process of filling the mould, the vacuum channels communicate with
a vacuum source, and the inlet channels 7, 8, 31, 35 communicate with a
polymer source with liquid polymer. The vacuum in the inlet channels provides a
vacuum in the entire mouid cavity between the solid mould part 18 and the vac-
uum bag 19’, and hereby polymer is drawn through the inlet channels 7’, 8', 31,
35 and into the mould cavity, as it spreads in the fibre materials 1’, 21, 22 and
impregnates them. After finished curing, the vacuum bag 19’ and the tear-off
layer 20’ are removed together with the upper distribution layers 9’, 10, 32, 36

and the vacuum channels.

During the process of filling the mould, liquid polymer flows from the inlet chan-
nels 7', 8', 31, 35 and into the mould cavity due to the vacuum. At the start of
the process the liquid polymer quickly spreads in the four upper distribution lay-
ers 9, 10°, 32, 36 and subsequently spreads downwards through the zones in
the root laminate 1’ below the upper distribution layers 9’, 10°, 32, 36. When the
flow front of polymer reaches the lower distribution layer 11, the polymer
quickly spreads herein towards the sides and in below the zones placed below
the three semi-permeable membranes &', 39, 40. Hereafter the flow fronts move

upwards towards the semi-permeable membranes 5', 39, 40.

This method for vacuum infusion has the advantage that all inlets can be started
at the same time, and thus do not require a temporal control of the various inlets
and vacuum channels to direct the flow fronts. Hereby the total impregnation
time or injection time can be reduced substantially. A further advantage of the
method is that the wastage of polymer can be reduced substantially compared
to prior art. Wastage of polymer can be avoided entirely if a semi-permeable

membrane is applied in all rim suctions of the mould.

The invention has here been described based on an arrangement with a line
suction. It is, however, possible to use a point suction instead of, where the
vacuum channel is placed above the intermediate zone, and where the upper
distribution layers extend in a circumferential direction around the point suction

of the vacuum channel.
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From this description a person skilled in the art will know that the combination of
the two upper distribution layers, which are divided by the intermediate zone
without distribution layer and the lower distribution layer at least overlapping the
intermediate zone, is the essence of the invention. The width of the intermediate
zone can be determined based on tests with a certain material. Thus on manu-
facturing a blade a plurality of apparatuses for providing polymer can also be
used, where the upper distribution layers of the various apparatuses are not
necessarily placed at the same transverse distance.
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List of reference numerals

0 N OO o W N =

11
12
15
19
20
21
22
31
32
33
34
35
36
37
38
39
40

fibre insertion / laminate

first zone

second zone

semi-permeable membrane
intermediate zone

first inlet channel

second inlet channel

first upper distribution layer
second upper distribution layer
lower distribution layer

filling material / balsa

vacuum channel

vacuum bag

tear-off layer

lower fibre layer

upper fibre layer

third inlet channel

third distribution layer

first outer vacuum channel
semi-permeable membrane
fourth inlet channel

fourth distribution channel
second outer vacuum channel
semi-permeable membrane
second semi-permeable membrane

third semi-permeable membrane
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The claims defining the invention are as follows:

1. Method of producing a shell member of fibre composite material by
means of vacuum infusion, where the fibre material is impregnated with liquid polymer,
and applying a mould with a mould cavity, wherein, in the mould cavity:

a) a lower distribution layer is placed,

b) a fibre insertion including a plurality of fibre layers is placed above the lower
distribution layer,

c) a first upper distribution layer and a second upper distribution layer are placed
at a transverse distance of each other above the fibre insertion, so that at least a part of the
first distribution layer overlaps a first zone of the fibre insertion, and at least a part of the
second distribution layer overlaps a second zone of the fibre insertion, the first zone and
the second zone being separated by an intermediate zone neither overlapping the first nor
the second distribution layer,

d) a first inlet channel is placed above the first distribution layer,

e) a second inlet channel is placed on top of the second distribution layer,

f) above the intermediate zone of the fibre insertion a semi-permeable membrane
is placed, which may expand overlappingly over the first distribution layer and/or the
second distribution layer, and which is permeable to gasses and substantially
impermeable to liquid polymer, said semi-permeable membrane communicating with a
vacuum source, whereafter

g) a vacuum bag is placed on top of the mould, which is evacuated of air by
means of the vacuum source, and polymer is directed into the mould via the first and the
second inlet channels.

2. Method according to claim 1, wherein prior to step a) a plurality of fibre
layers is placed in the mould cavity, and preferably also a gel coat defining the exterior of
the finished moulded shell member.

3. Method according to claim 1 or 2, wherein a plurality of fibre layers is
placed in the mould cavity between steps b) and c), said plurality of fibre layers defining
the interior of the finished moulded shell member.

4. Method according to any one of the preceding claims, wherein the fibre
insertion constitutes a main laminate, which is a longitudinal reinforcement section in a
blade shell half for a blade of a wind turbine.

5. Method according to any one of the preceding claims, wherein the fibre

insertion is 10-100 mm, 20-80 or 30-50 mm thick.
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6. Method according to any one of the preceding claims, wherein the
intermediate zone is 50-1000 mm, 70-500 mm or 100-200 mm wide.

7. Method according to any one of the previous claims, wherein vacuum
channels are provided along the rim of the mould.

8. Apparatus for providing polymer to be used at vacuum infusion in
connection with manufacturing oblong shell members, wherein the apparatus includes:

a first distribution layer and a second distribution layer extending parallel in a
longitudinal direction at a transverse distance to each other, thus providing an
intermediate, longitudinal zone between the first distribution layer and the second
distribution layer, and

a semi-permeable membrane covering at least substantially the entire
intermediate zone, and which is adapted to communicate with a vacuum source.

9. Apparatus for providing polymer according to claim 8, further
including:

a first inlet channel adapted to be connected to a polymer source, and which has
one or more openings facing towards the first distribution layer, and

a second inlet channel adapted to be connected to a polymer source, and which
has one or more openings facing towards the second distribution layer.

10. Apparatus for providing polymer according to claim 8 or 9, wherein the
semi-permeable membrane is placed between the first distribution layer and the second
distribution layer.

1. Apparatus for providing polymer according to any one of claims 8 to
10, wherein the semi-permeable membrane is placed so that it overlaps the first
distribution layer and/or the second distribution layer.

12. Apparatus for providing polymer according to any one of claims 8 to
11, wherein the inlet channels are formed as tubes with an omega profile.

13. Apparatus for providing polymer according to any one of claims 8 to
12, wherein the semi-permeable membrane forms part of a longitudinal vacuum channel.

14. Apparatus for providing polymer according to any one of claims 8 to
13, wherein the apparatus includes a membrane bag with a front, a back, a central vacuum
channel and two inlet channels extending at each side of the vacuum channel, the front in
the area of the vacuum channel being constituted by the semi-permeable membrane and in
the area of the inlet channels being permeable to liquid polymer.

15. Apparatus for providing polymer according to claim 14, wherein said

membrane bag is an oblong membrane bag.
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16. Apparatus for providing polymer according to any one of claims 8 to
15, further including a tear-off layer placed externally compared to the two distribution
layers.

17. Apparatus for providing polymer according to claim 16, wherein said
tear-off layer is perforated.

18. Method of producing a shell member of fibre composite material by
means of vacuum infusion substantially as hereinbefore described with reference to the
accompanying drawings.

19. Apparatus for providing polymer to be used at vacuum infusion
substantially as hereinbefore described with reference to any one of the embodiments as

that embodiment is shown in the accompanying drawings.

Dated 29 March 2011
LM Glasfiber A/S
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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