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1

METHOD OF MANUFACTURING A TURBINE BLADE

The present 1nvention relates to a method of manufacturing
a turbine blade half by resin infusion moulding.

In recent vyvears the development of mass-produced wind
turbines has moved towards making them larger and larger, both
1n output and 1in size. This process calls for better and more
cost-efficient components and manufacturing methods, and which
particular holds true for wind turbine blades, the manufacture
of which 1s time-consuming. Wind turbine blades known in the art
are typically made of fibreglass reinforced by metal, wood or
carbon fibres. The blades are typically manufactured by moulding
and curing two Dblade halves 1n two 1ndependent moulds.
Subsequently, the surface areas of the blade halves to be
connected are provided with an adhesive (epoxy-resin) and the
halves are placed on top of each other and connected to each
other, for example using the method of EP1695813. Typically a
wind turbine blade contains a strengthening member, such as a
spar. Such strengthening members both increase the strength and
help malntain a proper aerodynamic shape of the wind turbine
blade.

A problem with the manufacture of turbine blades is that it
1s time-consuming and costly. For example, the moulds for a pair
of wind turbine blade halves with a length of 55 m may cost €1
M. This contributes significantly to the cost if production of a
turbine blade is slow.

Hence, the objective of the present invention is to provide
a method of producing a turbine blade half in less time.

To this end, the invention provides a method of producing a
turbine blade half using resin infusion moulding, said method
com-prising the steps of

- providing a mould for a turbine blade shell with fibre
mats,

- placing a strengthening member over the fibre mats in the
mould;

- placing a ailr-impermeable sealing layer over the fibre
mats and against the strengthening member;

- 1ntroducing a curable resin 1in the fibre mats under
reduced pressure, 1ncluding 1n the area below the strengthening
member; and
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- curing the resin to form a turbine blade half, said turbine
blade half comprising a turbine blade shell attached to the strength-

ening member.

Thus the present invention integrates the step of curing the
turbine blade shell and the step of attaching the strengthening mem-
ber to the turbine blade shell in a single step. In the present ap-
plication, the term “turbine blade”, or blade for short, includes a
section of a turbine blade, such as of a stall-controlled turbine
blade. The resin used for the method is conveniently a resin conven-
tionally used for the manufacture of wind turbine blades using Resin

Injection Moulding (RIM). A typical resin for RIM is epoxy resin that

1s cured using heat, for example at 75°C. Similarly, the fibre mats

are preferably glass-fibre mats. If one were to wrap a rope around

the cured resin connecting the strengthening element to the turbine

blade shell, in general at least 40%, preferably at least 60% and

more preferably at least 80% of the surface area enclosed by the rope

1is cured resin not comprising foam. In general, while under reduced

pressure, the part of the strengthening member closest to the fibre

mats will be at a distance of less then 3 mm, such as about 2 mm from

the fibre mats. Preferably the term “over” means “on top of”

According to a preferred embodiment, the strengthening member
is a fibre-reinforced member comprising cured resin.

This results in a turbine blade half that is light and also is
built up of components that behave thermally similar to a large ex-
tent (expansion/shrinking due to temperature). The resin is prefera-
bly of the same type, 1.e. involving the same type of chemical groups
involved in the curing reaction. This increases the bonding of the

shell to the strengthening member. Conveniently, the cured resin is

the same as used for the turbine blade half.

According to a preferred embodiment, the fibre-reinforced mem-

ber comprises a base, the fibre-reinforced member being cured resin

while a surface-area 1ncreasing liner was present against the base,
and the method comprising the step of removing the liner before plac-
ing the strengthening member over the fibre mats in the mould.

According to a preferred embodiment, the strengthening member

comprises an elongated base, a longitudinal wall extending from said

base, and a flange extending from said wall at an edge of said wall

opposite to where the wall extends from the base.
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such a flange may, and will, be used to join it to a corre-

sponding flange of a second turbine blade half to form a turbine

blade. It increases the surface area over which the strengthening

members of both halves are joined, and thus the strength. A flange

substantially parallel to the base facilitates the application of

curable resin.

More preferably, a strengthening member is used having
- a elongated base,
- two longitudinal walls extending from said elongated base at oppo-
site edges of said elongated base,
wherein each longitudinal wall has a flange extending from a respec-
tive wall, the flanges extending away from each other.

Thus a very simple yet strong and stiff turbine blade half can

be provided.

According to a preferred embodiment, the turbine Dblade shell

has a leading edge and a trailing edge, and the flanges have a flange

N

area facing away from the base, said flange areas being in a plane

defined by the leading edge and the trailing edge.

The flanges will be connected to opposite flanges of another

turbine blade half. This allows for the manufacture of a turbine
blade having increased strength, because during use subjected to
wind, the shear locad at the joint is at a minimum.

According to a preferred embodiment, the strengthening member
is attached to the sealing film with double-sided sealant layer.

This 1s a very convenient way to achieve a satisfactory seal to
perform the introduction of resin under reduced pressure, which pres-
sure is typically in the order of 2% of atmospheric pressure. To work
in the most practical way, it is the strengthening member that is

provided with double-sided sealant layer, so the person manufacturing

the turbine blade half only has to handle with the sealing film. A

sealant layver is a special type of double-sided adhesive tape that 1is
not porous and for that reason capable of maintaining the wvacuum.
The invention relates to a turbine blade half as can be manu-

factured using the method according to the invention.

The present invention also relates to a method of manufacturing
a wind turbine blade, wherein a turbine blade half

* 1s obtained by

- providing a mould for a turbine blade shell with fibre mats,
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- placing a strengthening member comprising a base, a wall ex-
tending from said base, and a flange extending from said wall at am
edge of said wall opposite to where the wall extends from said base
over the fibre mats in the mould;

5 - placing a air-impermeable sealing £f£ilm over the fibre mats
and against the strengthening member;

- introducing a curable resin in the fibre mats under reduced
pressure, including in the area below the strengthening member; and

- curing the resin to form a turbine blade half, said turbine

10 blade half comprising a turbine blade shell attached to the strength-
ening member by the cured resin
* and having a leading edge and a trailing edge
is connected to a second turbine blade half such that the leading
edges of both halves and the trailing edges of said halves are con-

15 nected and the flange of the strengthening member of the first tur-

bine blade half is connected to the second turbine blade half.

The periphery of the second turbine blade half is, at least as
far as the leading edge and trailing edge are concerned, a mirror I1m-
age of the first turbine blade half, 1.e. 1t 1s congruent (of the

20 same size and shape). The second turbine blade half is preferably
also manufactured using the method of producing a turbine blade half

according to the invention.

"

{

According to an important embodiment, each turbine blade hal:

comprises a strengthening member having a flange, and the flanges of
25 opposite turbine blade halves are connected.
This results in a very strong wind turbilne blade.
Generally, the halves are connected using a curable resin.
This curable resin is preferably the same as used to manufac-
ture the turbine blade halves, except that it will contain a filler
30 to increase its viscosity. In addition or alternatively, it may have

a higher molecular weight.

All preferred embodiments discussed for the method of manufac-
turing a turbine blade half are equally applicable to the method of

manufacturing the turbine blade and the covered by the present appli-

35 cation, but not further repeated for the sake of conciseness only.

Finally, the present invention relates to a turbine blade as

can be manufactured using the method according to the inventilon.
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The present invention will now be illustrated with reference to

the accompanving drawing, where

fig. la-d shows, in cross—-sectional views, steps in the manu-

facture of a turbine blade half;
fig. 2 shows a top view of the blade of fig. 1l; and

fig. 3 shows a step in the manufacture of a turbine blade.

Now reference i1is made to fig. la-d to detail the method of

manufacturing a wind turbine blade half 1 of fibreglass reinforced

epoxy. The technique of producing turbine blade halves 1, 2 of fibre-

glass reinforced epoxy is very well known in the art, for which rea-

son the description will focus on the way in which the method accord-
ing to the present invention differs from the known method.

Fig. la shows a mould 3 for a wind turbine blade shell 1. The
mould 3 is provided with fibreglass mats 4. Other types of mats may
also be used, such as mats made of super fibres. On top of the fibre-
glass mats a further mat 5 (fig. 1b), also known as an infusion mesh
having a more open structure than the fibreglass mats 4. This further

mat 5 may or may not be made of a reinforcing material such as fibre-

'glass, carbon fibre, Dyneema™ etc.

A U-shaped beam 6 having an elongated base 7 (fig. 2), two side
walls 8, 8’ extending over the length of the base 7, and flanges 8,

9r, is placed on top of the further mat 5. The further mat 5 will

help to ensure that epoxy resin will reach every part of the fibre-

glass mats 4, even 1f i1t is below the U-shaped beam 6. The U-shaped
beam 6 1is a strengthening member, and will provide enhanced struc-

tural strength to the finished turbine blade 123 and will help to

maintain its aerodynamic shape. The U-shaped beam 6 is made of fibre-
glass mats and epoxy resin, as 1is known in the art. The epoxy resin
may have been cured in contact with a textured peel ply, such as a
monofilament nylon peel ply being present at the side of the base op-
posite to the sidewalls. This peel ply (not shown) 1s removed before

the U-shaped beam 6 is placed on top of the further mat 5, providing

a rough surface of increase surface area to increase the bond
strength between the U-shaped beam 6 and the epoxy resin later in the
process. By removing the peel ply right before placing the U-shaped
beam 6 on top of the further mat 5, the rough surface area is also

free of contaminants (such as dust, grease etc.).
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The U-shaped beam 6 1s provided with double-sided sealant
layers 10, 10' before 1t 1s placed on top of the further mat 5.
The sealant layers 10, 10' are suiltably non-vulcanized butyl
rubber. It 1s sold as a layer of non-vulcanized butyl rubber
between two release liners

In general, the shell of a turbine blade half 1 1s a
composite material, usually a sandwich of a layer of fibre mat-
reinforced cured resin 12, a foam layer 13 and another layer of
fibre mat-reinforced cured resin 14. However, for the strongest
wind turbine blades 123, 1t 1s essential that the strengthening
member 6 1s 1n a direct and ample connection with the resin
infused in the fibre mats 4 closest to the mould 3 over a large
effective cross-sectional area of resin (cross-sectional area
parallel to the shell. In general, 1t 1s not desirable to have
the foam layer 13 extending below the strengthening element. If
sufficient surface area below the base 7 1is cured resin, this
could be acceptable but still it i1s not recommended

To facilitate evacuation of air and the introduction of
epoxy resin, an Q-profile 15 1s placed with 1its open side onto
the fibre-glass mats (Fig. Ic), said Q-profile 15 acting as a
channel for transport and distribution of curable resin. If a
foam layer 13 1s used, 1t contains through-holes (not shown) to
allow curable resin to pass to the fibre mats 4 closest to the
mould 3. The foam 13 1tself will be a non-porous foam, however,
to achieve optimum strength.

Subsequently the fibreglass mats 4 - or the sandwich of
fibre-glass mats 4, the foam layer 13 and another 1layer of
fibreglass mats 16 - and the Q-profile are covered with a

disposable plastic film 17. The plastic film 17 1is sealed
agailnst the U-shaped beam 6 using the double-sided sealant
layers 10, 10' . Using a vacuum pump (not shown) air is removed
(arrows) from under the plastic film 17 and curable epoxy resin
1s 1introduced while vacuum 1s malntained. The epoxy resin
penetrates all the voids below the plastic film 17, entering the
fibreglass mats 4 and the further mat 5. Subsequently the epoxy
resin 1s cured at an elevated temperature (e.g. 75°C) . This not
only results 1n the turbine blade shell being cured, but also
the turbine blade shell being bonded to the U-shaped beam 6 at
the same time. This saves valuable time, because no longer it 1is
requilired
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to cool the shell, apply epoxy resin and a U-shaped beam, and heat
the assembly to cure the epoxy resin.

After curing the curable resin, by heating the mould 3, the
plastic film 17 and the Q-profile 15 are removed.

Fig. 2 shows a top view of a turbine blade half 1, with the U-
shaped beam 6 extending over a major part of the length of the tur-

bine blade half 1.

Producing a turbine blade 123 may simply be achieved by manu-

facturing two turbine blade halves 1, 2 using the method according to

the invention described above, applying filler-containing epoxy resin

at the surfaces of the turbine blade halves 1 that will be in con-

tact, 1in particular the flanges 9, 9’ of the U-shaped beam 6, the
leading edge 18 and the trailing edge 19 of at least one of the two
turbine blade halves 1, 2, followed by placing the turbine blade

halves 1, 2 agalnst each other and curing the epoxy resin. By heating
the moulds 3, 3’ the epoxy resin is cured..

As can be seen in fig. 3, the flanges 9, 9’ have surfaces in a
plane defined by the leading and trailing edges 18, 19. The flanges
9, 9" themselves provide for a larger surface area (bonding areas 20,
207) to bond the turbine blade halves 1, 2 together. The bond itself
1s at a location in the turbine blade 123 where forces are on average

smaller than elsewhere in the U-shaped beam 6, resulting in a

stronger wind turbine blade 123.
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CLAIMS:

1. A method of producing a turbine blade half (1, 2) by

resin infusion moulding, said method comprising the steps

of :

providing a mould (3) for a turbine blade shall (11)

with fibre mats (4);

placing a strengthening member (6) over the fibre
mats (d) in the mould (3);

placing a air-impermeable sealing film (17) over the
fibre mats (4) and against the strengthening member (6);

introducing a curable resin in the fibre mats (4)
under reduced pressure, including in the area below the
strengthening member (6); and

curing the resin to form a turbine blade halrl (1,
2), said turbine blade half (1, 2) comprising a turbine
blade shell (11) attached to the strengthening member (6)
by the cured resin;

wherein the strengthening member 1is a fibre-

reinforced member comprising cured resin.

5. The method according to claim 1, wherein the fibre-
reinforced member comprises a base (7), the £fibre-
reinforced member being cured resin while a surface-area
increasing liner was present against the Dbase, and the

method comprising the step of removing the liner before

placing the strengthening member over the fibre mats (4)

in the mould (3).

3. The method according to c¢laim 1, wherein the
strengthening member (6) comprises an elongated base (7),

at least one longitudinal wall (8, 8') extending from
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said elongated base (7), and a flange (9, 9') extending
from said at least one longitudinal wall (8, 8') at an
edge thereof (8, 8') opposite to where the at least one

longitudinal wall (8, 8') extends from the elongated base

(7).

4. The method according to c¢laim 3, wherein the

strengthening member (6) 1includes
- the elongated base (7),
- two of said at least one longitudinal walls (8, 8')

extending from said elongated base (7) at opposite edges

of said elongated base (7),

wherein each of the at least one longitudinal wall (8,
8') has said flange (9, 9') extending therefrom , the

flanges (9, 9') extending away from each other.

5. The method according to claim 4, wherein the turbine
blade shell (11) has a leading edge (18) and a trailing
edge (19), and the flanges (9, 9') have a flange area
(20, 20') facing away from the base (7), said flange
areas (20, 20') being in a plane defined by the leading

edge (18) and the trailing edge (19).

6&. The method according to any one of claims 1 to 5,
wherein the strengthening member (6) 1is attached to the

sealing film (17) with double-sided sealant layer (10,
107') .

7. A method of manufacturing a wind turbine blade (123),

wherein a turbine blade half (1)comprises:
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providing a mould for a turbine Dblade shell with

fibre mats;

placing a strengthening member comprising a base, a
wall extending from said base, and a flange extending
from said wall at am edge of said wall opposite to where
the wall extends from said base over the fibre mats 1n
the mould;

placing a air-impermeable sealing film over the
fibre mats and against the strengthening member;

introducing a curable resin in the fibre mats under
reduced pressure, including in the area below the
strengthening member; and

curing the resin to form a turbine blade half, said
turbine blade half comprising a turbine blade shell
attached to the strengthening member by the cured resin
and having a leading edge and a trailing edge 1s
connected to a second turbine blade half (2) such that
the leading edges of both halves and the trailing edges
of said halves are connected and the flange of the
strengthening member of the first turbine blade halt 18
connected to the second turbine blade half;

wherein the strengthening member is a fibre-

reinforced member comprising cured resin.

8. The method according to claim 7, wherein each turbine
blade half comprises the strengthening member having the

flange, and the flanges of opposite turbine blade halves

are connected.

9. The method according to claim 8, wherein the halves

are connected using a curable resin.
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