wo 20107100251 A1 I 10K RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /i 1IN NI A0 AT A0 0O RO A0 0
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
10 September 2010 (10.09.2010) PCT WO 2010/100251 Al
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
B29C 70/48 (2006.01) B29L 31/08 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
B29C 33/34 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. o HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR. KZ. LA. LC. LK. LR. LS. LT. LU. LY. MA. MD
PCT/EP2010/052802 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
5 March 2010 (05.03.2010) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
09154538.4 6 March 2009 (06.03.2009) EP ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(71) Applicant (for all designated States except US): LM ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
GLASFIBER A/S [DK/DK]; Jupitervej 6, DK-6000 MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,
Kolding (DK). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventor; and ML, MR, NE, SN, TD, TG).
(75) Inventor/Applicant (for US only): MORTENSEN, Ivan Declarations under Rule 4.17:

74

31

Engmark [DK/DK]; Gl. Tved 6, DK-6000 Kolding (DK).

Agent: JENSEN, Peter Kim; Chas. Hude A/S, H. C. An-
dersens Boulevard 33, DK-1780 Copenhagen V (DK).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: METHOD AND MANUFACTURING LINE FOR MANUFACTURING WIND TURBINE BLADES

31 32
41 42 30
N, .
4344 31 32
f , 30
41 42 =
— —40
! ) :_
Fig. 3 43 44

(57) Abstract: A method and a manufacturing line (30) for manufacturing wind turbine blades having a composite shell structure
comprising a matrix material and a fibre reinforcement mate— rial by use of a resin transfer moulding process. The method com-
prises a manufacturing line (30), where wind turbine blades are formed in a number of moulds (40, 50, 60), each of the number of
moulds (40, 50, 60) comprising at least a first mould part (41, 51, 61) comprising a first mould cavity (42, 52, 62). The manufac-
turing line (30) further comprises a number of separate work stations (31, 32, 33), where separate manufacturing steps are carried
out. The method comprises the following steps: a) arranging the fibre reinforcement material in a first mould cavity (42) of a first
mould part (40) at a first work station (31 ), b) moving the first mould part (40) with the fibre reinforcement materials by use of
conveying means to a second work station (32) having a different position than the first work station (31), and ¢) supplying a cur-
able matrix material into the first mould cavity (42) of the first mould part (41) at the second work station (32). The manufacturing
line (30) comprises a number of moulds (40, 50, 60), the number being greater than one, where wind turbine blades (45, 55, 65)
are formed in, each of the number of moulds (40, 50, 60) comprising at least a first mould part (41, 51, 61) comprising a first
mould cavity (42, 52, 62). Each of the number of moulds (40, 50, 60) being movable along the manufacturing line (30) by convey-
ing means.
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Title: Method and manufacturing line for manufacturing wind turbine blades

Technical field

The present invention relates to a method for manufacturing wind turbine blades having
a composite shell structure comprising a matrix material and a fibre reinforcement ma-
terial by use of a resin transfer moulding process. The invention also relates to a manu-
facturing line for manufacturing wind turbine blades having a composite shell structure
comprising a matrix material and a fibre reinforcement material by use of a resin trans-

fer moulding process.

Background Art

It is known to manufacture wind turbine blades using project oriented manufacturing
methods, e.g. where each of the wind turbine blades are moulded and assembled at
the same work shop, whereafter the wind turbine blade optionally is moved to another
work shop, typically a finishing work shop, where the wind turbine blade is cut,
trimmed, painted and the final fittings are mounted on the wind turbine blade. The wind
turbine blades are often made of fibre-reinforced polymer and are usually manufac-
tured as shell parts in moulds, where the top side and the bottom side of the blade pro-
file (typically the pressure side and suction side, respectively) are manufactured sepa-
rately by arranging glass fibre mats in each of the two mould parts and injecting a liquid
resin, which subsequently is cured. Afterwards, the two halves are glued together, of-
ten by means of internal flange parts. Glue is applied to the inner face of the lower
blade half before the upper blade half is lowered thereon or vice versa. Additionally,
one or two reinforcing profiles (beams) are often attached to the inside of the lower
blade half prior to gluing to the upper blade half.

The shell parts for the wind turbine blade are typically manufactured as fibre composite
structures by means of VARTM (vacuum assisted resin transfer moulding), where liquid
polymer, also called resin, is filled into a mould cavity, in which fibre reinforcement ma-
terial priorly has been inserted, and where a vacuum is generated in the mould cavity,
hereby drawing in the polymer. The polymer can be thermoset plastic or thermoplas-
tics.

Vacuum infusion or VARTM is a process used for moulding fibre composite mouldings,
where uniformly distributed fibres are layered in one of the mould parts, the fibres being
rovings, i.e. bundles of fibre bands, bands of rovings, or mats, which are either felt
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mats made of individual fibres or woven mats made of fibre rovings. The second mould
part is often made of a resilient vacuum bag, and is subsequently placed on top of the
fibre reinforcement material. By generating a vacuum, typically 80% to 95% 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 rein-
forcement material contained herein. So-called distribution layers or distribution tubes,
also called inlet channels, are used between the vacuum bag and the fibre reinforce-
ment material in order to obtain as sound and efficient a distribution of polymer as pos-
sible. In most cases, the polymer applied is polyester or epoxy, and the fibre reinforce-
ment is most often based on glass fibres and/or carbon fibres.

It is commonly known that moulds for making large articles, such as wind turbine
blades, can consist of two mould parts that are closed about a longitudinal hinge line,
where the hinges are passive, i.e. a crane is used to lift one of the mould parts about
the hinge line for closure and opening of the mould. When making wind turbine blades,
the mould is closed so as to glue two blade shell halves together, said shell halves be-
ing produced in separate mould parts. Alternatively, wind turbine blades can be manu-
factured as disclosed in EP 1 310 351.

However, as the demand for wind turbines is rapidly increasing it is found increasingly
difficult to scale the conventional project oriented manufacturing method to accommo-
date the demand for several reasons as listed in the following: Firstly, the project ori-
ented manufacturing method requires that all the materials required for manufacturing
a wind turbine blade, e.g. resin and fibre reinforcement material, has to be transported
to every work shop, which is logistically demanding. Secondly, every work shop has to
be equipped with tools and gear necessary for every single manufacturing step in the
process, which yields an overhead of resources. Additionally, the conventional project
oriented manufacturing method requires a mould in every single work shop, which is
expensive, since production and maintenance of moulds are time consuming and thus
expensive. Furthermore, the conventional project oriented manufacturing method oc-
cupies a lot of space, and since the workers at each work shop have to perform a vari-
ety of manufacturing steps, there is a risk that the quality of the manufactured wind tur-
bine blades may suffer.

While volume production of parts made of fibre reinforced materials is known from e.g.
car production, such production methods are not easily transferred and/or adapted to
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the production of wind turbine blades with a length of 30m - 50m or even more, where
an empty mould may easily have a weight of 20-30 tons or more, and where each
mould is a considerable cost factor.

For example, US 4,383,818 discloses a method for mass production of car bodies us-
ing a Vacuum Assisted Resin Injection (VARI) process, where a large number of sub-
stantially identical moulds are continously propelled around on an oval shaped path,
each mould being supported on a wheeled bogie, wherein the bogies are linked to-
gether in a long chain. While the document alleges that the assembly line would also
be suited for other types of structural bodies, and mentions snowmobiles, or boats as
examples, the disclosure is silent as to how large such structural bodies may be. Fur-
thermore, no disclosure or indications are given to the skilled person how to modify the
disclosed assembly line in order to produce large parts by a Vacuum Assisted Resin
Transfer Moulding Process (VARTM) that are more than ten times bigger than a car
body. In fact, such an assembily line, where a large number of moulds weighing 30 tons
each are continously propelled around on an oval shaped path, is not realistic as an
economically viable solution for producing wind turbine blades with a length of up to
50m or more. Furthermore, such a solution is not flexible with respect to the types of
wind turbine blades to be produced and does not allow dynamically adapting the pro-
duction to varying order schemes.

As a consequence, so far, wind turbine production still relies on the above mentioned
project oriented manufacturing methods involving highly skilled human labour. There-
fore, there is a need for a method and production facility for large wind turbine blades
that allows increasing throughput, optimises the use of expensive moulds and/or the
use of skilled labour in order to improve the quality and cost-effectiveness of the pro-
duction process.

It is therefore an object of the invention to obtain a new method and manufacturing line
for manufacturing wind turbine blades, which both overcomes or ameliorates at least

one of the disadvantages of the prior art or which provides a useful alternative.

Disclosure of Invention

The object of the invention is obtained by a method which comprises a manufacturing
line, where wind turbine blades are formed in a number of moulds, each of the number

of moulds comprising at least a first mould part comprising a first mould cavity, the
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manufacturing line further comprises a number of separate work stations, where sepa-
rate manufacturing steps are carried out, wherein the method comprises the following
steps: a) arranging the fibre reinforcement material in a first mould cavity of a first
mould part at a first work station, b) moving the first mould part with the fibre rein-
forcement materials by use of conveying means to a second work station having a dif-
ferent position than the first work station, and c¢) supplying a curable matrix material into
the first mould cavity of the first mould part at the second work station. Hereby, a
method is provided whereby wind turbine blades can be manufactured using fewer re-
sources e.g. moulds and tools, or alternatively improving the throughput as the method
increases the number of manufactured wind turbine blades per time unit compared to
conventionally project oriented manufacturing methods. As an example, the method
can in a setup with three work stations and three moulds increase the throughput from
3 to 6 wind turbine blades per 24 hours. Since the mould sets are movable in relation to
the work stations, the method furthermore provides that each work station can be
equipped with specialized and advanced equipment that is dedicated to the manufac-
turing step carried out at each work station, as the method reduces the required num-
ber of work stations. Additionally, each work station can be manned with specialized
workers that are skilled and trained in the manufacturing step carried out at that par-
ticular work station. However, some of the work stations can also be automated, e.g. by
using robots, such that fewer workers are needed. Automation is also expected to addi-
tionally improve the quality of the manufactured wind turbine blades.

In step ¢) the curable matrix material is infused. The matrix material is typically a resin
such as polyester, vinylester, or epoxy.

The matrix material is injected by use of resin transfer moulding (RTM), wherein a posi-
tive pressure differential is used to inject the resin into the mould cavity, or by use of
vacuum assisted resin transfer moulding (VARTM), wherein an underpressure is
formed in the mould cavity, thereby drawing the liquid resin into the mould cavity.

The conveying means comprises at least four wheels and/or rollers mounted on each
of the number of moulds, whereby the number of moulds easily can be moved. The
conveying means may also comprise rails or tracks on which the moulds can be trans-

ported.



10

15

20

25

30

35

WO 2010/100251 PCT/EP2010/052802

5

According to one embodiment, the method comprises the following step: d) moving the
first mould part, while the matrix material is curing, by conveying means from the sec-
ond work station to a third work station having a different position than the first and the
second work station. Hereby, the method reduces the manufacturing time, as the first
mould is being moved from the second work station to the third work station while the

matrix material that was infused in step b) is still curing.

In another embodiment, the first mould comprises at least a first mould part and a sec-
ond mould part that can be assembled to form a closed mould assembly, each mould
part comprising a mould cavity. Thus, each mould part can be used so as to form sepa-
rate shell parts of a wind turbine blade. The shell parts are typically constructed as a
lower part, e.g. a suction side, of the blade, and an upper part, e.g. a pressure side, of
the blade. The shell parts are then later adhered to each other, e.g. by gluing flanges
located at the leading edge and trailing edge of the finished wind turbine blade. Thus,
the mould part comprises a moulding surface, which defines a part of the outer side of
the finished blade. The mould cavity of each mould part can be formed by sealing a
vacuum bag to the mould part. A vacuum source can be coupled to the mould cavity so
that the mould cavity can be evacuated prior to injecting the liquid matrix material.

The method can comprise an additional step that follows step d), which comprises re-
moving the vacuum bags from each of the separate mould parts.

In another embodiment, the method comprises the following steps: e) assembling the
separate mould parts of the first mould and applying an adhesive between the shell
parts, f) moving the first mould, while the adhesive is curing, by conveying means from
the third work station to the first work station.

In another embodiment, the method comprises the following step: g) opening the
closed mould assembly at the first work station and removing the manufactured wind
turbine blade. Hereby, the method provides that the handling of the first mould is opti-
mized, as the first mould is opened at the first work station, which is the same work sta-
tion where the first mould is reused for manufacturing yet another wind turbine blade by
repeating the method.

In another embodiment, the number of moulds is at least the same as the number of

work stations on the manufacturing line, and the moulds are circulated in a permutated
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manner between the work stations, such that a continuous manufacturing line is estab-
lished. Hereby, the method provides that a continuous manufacturing line is estab-
lished as the work stations can perform work on at least one mould at the time, until the
moulds are circulated. The method is particularly efficient if the process time is similar
for each work station, such that the moulds can move synchronously. However, in the
case that the work stations has significant differences in process time, additional
moulds can be added to the manufacturing line, such that a buffer zone is established.
In a preferred embodiment the manufacturing line comprises 3 moulds and 3 work sta-
tions. In another embodiment step b) and d) is each performed within 15 minutes,
whereby the method by the conveying means provides an effective and quick transpor-
tation of the moulds. To achieve a manufacturing line with a continuous flow, it is not
only important that the process time at each work station is similar, but also that the
time it takes to move the moulds is similar. In another embodiment, step a) and ¢) is
each performed within 1 or at least 2 hours and in yet another embodiment, one full cir-
culation of the number of moulds on the manufacturing line is performed within 12
hours, whereby the method provides that e.g. 6 wind turbine blades can be manufac-
tured in a preferred embodiment with 3 moulds and 3 work stations, which is twice as
many manufactured wind turbine blades as compared to the number a conventional
project oriented manufacturing method can produce in a similar setup with 3 moulds.
Furthermore, a 12 hour cycle is compatible with typical working shifts at a manufactur-

ing facility.

In another embodiment the process steps comprise one or more fixed process steps
that are dedicated to a given work station or a given type of work station, e.g. with spe-
cialised equipment and/or serviced by a specialised team of workers, such as work sta-
tions for lay-up work, resin infusion, or work related to blade half assembly (e.g. glue-
ing/closure of mould parts).

In another embodiment the process steps comprise one or more flexible process steps
that can be switched between work stations. In a serial manufacturing line the flexible
process steps may be moved backwards and/or forwards between subsequent work
stations of the manufacturing line. Examples for such flexible process steps are curing
of the gel coat of the moulds, infusion media, application of vacuum, preparation for
closing a mould, and rework of the blade halfs before closing.
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In a preferred embodiment the process steps comprise fixed and flexible process
steps. Configuring a serial manufacturing method/manufacturing line to use a combina-
tion of fixed and flexible steps allows both to maintain the advantages of dedicated
work stations, i.e. work stations that are dedicated to certain process steps, and a dy-
namic allocation of production resources in order to further improve facility/capacity

utilisation.

Moulds may be moved between work stations, wherein fixed process steps are per-
formed at dedicated work stations and flexible process steps are performed at work
stations that are available. When needed, the moulds may be fixed in accurate posi-
tion. The dedicated work stations may be equipped with specialized and advanced
equipment that is dedicated to the manufacturing step carried out at the dedicated work
station with the above mentioned advantages thereof. Additionally as mentioned
above, each work station can be manned with specialized workers that are skilled and
trained in the manufacturing step carried out at that particular work station.

In a serial manufacturing line, each of the moulds are moved from one works station to
the subsequent work station of the manufacturing line. Preferably, the flow of the
moulds from workstation to workstation through the manufacturing line is controlled ac-
cording to a cycle time. The cycle time may be dynamically set to a current cycle time,
wherein the minimum current cycle time at each time is essentially determined by the
time required for the longest process step currently performed in the line. Flexible
process steps to be performed between two subsequent fixed process steps of two
subsequent work stations may be allocated to either of the two work stations. The flexi-
ble process steps may thus be switched backwards and/or forwards between subse-
quent work stations in the manufacturing line to bring the time spent on performing a
number of process steps at each work station as close as possible to the current cycle
time, thereby improving capacity utilisation.

In another embodiment, the moulds are moved between work stations according to a
production scheme taking into account the cycle times of different types of blade to be
produced concurrently and/or the actual time required for each process step. Thereby,
the facility/capacity utilisation may be further improved, e.g. by moving flexible process
steps to available work stations, wherein availability may be determined using the pro-
duction scheme. While it is possible to maintain the advantages of dedicated work sta-
tions, this allows for a dynamic allocation of production resources according to the cy-
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cle times of different types of blade to be produced concurrently and/or according to the
time per process step. This is particularly advantageous for the flexible and efficient
operation of a manufacturing facility, e.g. when producing different types of blades with
different cycle times. Also the time for each of the process steps may vary, typically in a
range between 1% and about 17% of the total cycle. As in the above mentioned em-
bodiments, the moulds may be moved so as to switch flexible process steps backwards
and/or forwards between subsequent work stations in the manufacturing line to im-

prove capacity utilisation.

In another embodiment, the moulds are moved substantially in a longitudinal direction
(L) of the moulds, when being moved by the conveying means, i.e. in the direction par-
allel to the direction from a blade root to a blade tip.

In another embodiment, the fibre reinforcement material is dry, e.g. not pre-
impregnated with resin, when arranged in the number of moulds. However, the method
can also be performed with pre-impregnated fibre reinforcement material or a semi-
impregnated fibre reinforcement material. The fibre reinforcement material and/or addi-
tional reinforcement material, that can be pre-impregnated, is preferably arranged in
the moulds such that a longitudinal reinforcement structure is formed and provides me-
chanical strength to the manufactured wind turbine blade.

In another embodiment, the manufactured wind turbine blades have a length of at least
30 meters, or 40 meters, or 50 meters.

In another embodiment, the method further comprises a finalisation line having a num-
ber of finishing stations. Hereby, the method provides that the manufactured wind tur-
bine blades can be finished. The finishing stations comprises a quality inspection sta-
tion, a cut and trim station, a finish station and a painting station, where the cut and trim
station and the painting station can be automated. The finalisation line is preferably
placed in the same production hall as the manufacturing line, thus separate air cleaning
facilities are required for some of the finishing stations to maintain a clean and accept-
able working enviroment in the production hall.

In another embodiment, the first work station on the manufacturing line and the first fin-
ishing station on the finalisation line are juxtaposed. Thereby, the manufactured wind
turbine blade, when removed from the first mould, only needs to be transported a short
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distance to the first finishing station. Furthermore, the handling of the first mould and
the manufactured wind turbine blade is minimized. The manufacturing line and the fi-

nalisation line can also be arranged in parallel.

In another embodiment, the wind turbine blade is moved by crane means from the first
work station on the manufacturing line to the first finishing station on the finalisation

line.

In another embodiment, the number of moulds have different shapes and/or lengths,
such that the method produces wind turbine blades with different properties. Hereby,
the method provides that wind turbine blades with different shapes and/or lengths can
be manufactured by the same manufacturing line and/or finalisation line, thus separate
lines for each wind turbine blade type is not necessary, which makes the method even

more cost-effective.

According to a further aspect the object of the invention is also achieved by, a manu-
facturing line/production facility that is configured to carry out the method for manufac-
turing wind turbine blades according to any of the above mentioned embodiments.

The object of the invention is also achieved by that the manufacturing line comprises a
number of moulds, the number being greater than one, where wind turbine blades are
formed in, each of the number of moulds comprising at least a first mould part compris-
ing a first mould cavity, and in that the manufacturing line further comprises a number
of separate work stations and in that each of the number of moulds are movable along
the manufacturing line by conveying means. Hereby, a manufacturing line is provided
where a continuous production of wind turbine blades is possible. The manufacturing
line requires fewer resources e.g. moulds and tools, or alternatively improves the
throughput as compared to conventionally project oriented manufacturing methods.
The manufacturing line can, as an example, in a setup with three moulds and one gan-
try means increase the number of manufactured wind turbine blades from 3 to 6 wind
turbine blades per 24 hours. The manufacturing line can additionally be automated,
which is expected to further improve the throughput and additionally the quality of the

manufactured wind turbine blades.

According to a first embodiment, the number of work stations are arranged in longitudi-

nal extension of a first workstation. The manufacturing line can further comprise a fi-
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nalisation line comprising a number of finishing stations comprising a quality inspection
station, a cut and trim station, a finish station and/or a painting station, where the cut
and trim station and the painting station can be automated. The finalisation line is pref-
erably placed in the same production hall as the manufacturing line, thus separate air
cleaning facilities are required for some of the finishing stations to maintain a clean and
acceptable working environment in the production hall. The finalisation line is prefera-
bly arranged in parallel and/or juxtaposed to the manufacturing line. The manufacturing
line can comprise moulds with different shapes, geometry and/or lengths, such that the
manufacturing line can produce wind turbine blades with different properties, and not
only one type and/or size of wind turbine blades. However, the manufacturing line pref-
erably produces wind turbine blades having a length of at least 30 meters, or 40 me-
ters, or 50 meters. Furthermore, the fibre reinforcement material used at the manufac-
turing line is preferably dry, e.g. not pre-impregnated with resin, when arranged in the
number of moulds. However, the manufacturing line can also handle pre-impregnated
fibre reinforcement material and/or semi-impregnated fibre reinforcement material. The
fibre reinforcement material and/or additional reinforcement material, that can be pre-
impregnated, is preferably arranged in the moulds such that a longitudinal reinforce-
ment structure is formed and provides mechanical strength to the manufactured wind
turbine blade.

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 shows a prior art wind turbine,

Fig. 2 shows a wind turbine blade,

Fig. 3 shows a manufacturing line with a first mould during step a) and c¢) according to

the invention,

Fig. 4 shows a manufacturing line with a first mould during step a), ¢) and e) according
to the invention,

Fig. 5 shows a manufacturing line with a first, second and third mould during step a), c)
and e) according to the invention, and
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Fig. 6 shows a manufacturing line with a first, second and third mould during step a), ¢)
and e) and a finalisation line according to the invention.

Detailed description
Fig. 1 illustrates a conventional modern upwind wind turbine 2 according to the so-

called "Danish concept" with a tower 4, a nacelle 6 and a rotor with a substantially hori-
zontal rotor shaft. The rotor includes a hub 8 and three blades 10 extending radially
from the hub 8, each having a blade root 16 nearest the hub 8 and a blade tip 14 fur-
thest from the hub 8.

Fig. 2 illustrates a conventional wind turbine blade 20, which conventionally is manu-
factured either in one piece or in two pieces, where each of the two pieces has the
same length in the longitudinal direction L as a wind turbine blade assembled by the

two pieces.

Fig. 3 illustrates a manufacturing line 30 with a first work station 31 and a second work
station 32 and a first mould 40 movable between the first work station 31 and the sec-
ond work station 32. The first mould 40 comprises a first mould part 41 comprising a
first mould cavity 42, the first mould cavity 42 corresponds to the envelope of the lower
side of a wind turbine blade, e.g. the suction side of the blade, and a second mould
part 43 having a second mould cavity 44 corresponding to the envelope of the upper
side of a wind turbine blade, e.g. the pressure side of the blade. Separate manufactur-
ing steps is carried out at each of the first work station 31 and the second work station
32. At the first work station 31 a manufacturing step a) is carried out. In this step fibre
reinforcement material is arranged in each of the separate mould parts 41,43 of the first
mould 40 that at this point in time, is located at the first work station 31. The arranging
of fibre reinforcement material in each of the separate mould parts 41,43 in step a) can
be carried out manually or in automated way, and can be done using a gantry, which is
either shared by the separate mould parts 41,43 or by using separate gantries for each
separate mould part 41,43. The mould cavities 42,44 of the mould parts 41,43 are
normally coated with a gelcoat or the like before the fibre reinforcement material is ar-
ranged. The fibre reinforcement material may comprise fibres in many forms such as
tows, mats, prepregs and preforms. The fibres may be of any material, but is preferably
made of glass and/or carbon. Alternatively plant fibres or metallic fibres, such as steel
fibres, may be utilised. After arranging the fibre reinforcement material, the first mould
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40 is prepared for infusion of a curable matrix material. Typically, a RTM or VARTM
process is used, and the separate mould parts 41, 43 is each prepared by arranging
resin inlet channels on top of the fibre reinforcement material in each of the separate
mould parts 41,43. Subsequently, each separate mould part 41,43 is covered and
sealed by an air tight vacuum bag, thus creating a mould cavity. Thereby, a vacuum
can be created between the mould part 41, 43 and the vacuum bag, so that the curable
matrix material can be drawn into the mould cavity and impregnating the fibre rein-
forcement material via the resin inlet channels. The arrangement of the inlet channels
and covering and sealing of each of the mould parts 41, 43 of the first mould 40 with a
vacuum bag can be carried out during step a) or the first mould 40 can be moved to the
second work station 32, where this step also can be carried out. The primary manufac-
turing step carried out at the second work station 32 is preferably supplying curable
matrix material, e.g. a liquid resin, as described above. Typically, the matrix material is
infused from the root area.

Fig. 4 illustrates a manufacturing line 30 similar to that depicted in Fig. 3. However, the
manufacturing line 30 has been extended with a third work station 33 following the
second work station 32. The first mould 40 is moved to the third work station 33 after
the infusion of matrix material has been completed, but not necessarily before the ma-
trix material is fully cured, and thus forming separate shell parts. When the first mould
40 has been moved to the third work station 33, the vacuum bags are first removed, af-
ter which some rework of the separate shell parts may be necessary before adhesive
for joining the separate shell parts is applied and the separate mould parts 41,43 are
assembled so that a closed mould assembly 46 is formed.

Fig. 5 illustrates a manufacturing line 30 as shown in Fig. 4, but with the addition of util-
ising a second mould 50 and a third mould 60 also, such that a continuous manufactur-
ing line 30 is established. Thus step a) is performed at the first work station 31 substan-
tially simultaneous with step c¢) being performed at the second work station 32, and
step e) is performed substantially simultaneously at the third work station 33. After
each of these steps are performed, step b), d) and f) are performed such that the first
mould 40, the second mould 50 and the third mould 60 each are moved to the next
work station, such that the continuous manufacturing line is established.

Fig. 6 illustrates the manufacturing line 30 as shown in Figs. 4 and 5, and a finalisation
line 70 having a first finishing station 71, a second finishing station 72, and a third fin-
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ishing station 73. At the first finishing station 71 a quality check of the manufactured
wind turbine blade 45, 55, 65 is performed, while cutting and trimming of the manufac-
tured wind turbine blade 45, 55, 65 is carried out at the second finishing station 72. At
the third finishing station 73 the manufactured wind turbine blade 45, 55, 65 is coated
with a paint. Fig. 6 illustrates a snap shot of the method having reached a steady state
production of wind turbine blades. The first mould 40 is located at the first work station
31, where step a) is being performed, while the second mould 50 is located at the sec-
ond work station 32, where step ¢) is being performed, and the third mould 60 is lo-
cated at the third work station 33, where step e) is being performed. At the first finishing
station 71, a third wind turbine blade 65 is located, which has been formed by the third
mould 60, while at the second finishing station 72, a first wind turbine blade 45 is lo-
cated which has been formed by the first mould 40, and finally at the third finishing sta-
tion 73, a second wind turbine blade 55 is located, which has been formed by the sec-
ond mould 50. The moulds 40, 50, 60 are thus circulated in a permutated manner be-
tween the first work station 31, the second work station 32 and the third work station
33, such that when a mould 40, 50, 60 leaves the third work station 33 it is returned to
the first work station 31, which defines one circulation of moulds 40, 50, 60. The
moulds are preferably transported to the first work station 31 as a closed mould as-
sembly, whereafter the moulds 40, 50, 60 are opened and the manufactured wind tur-
bine blade 45, 55, 65 is removed and moved to the first finishing station 71, while the
separate mould parts 41, 43, 51, 53, 61, 63 are placed at the first work station 31. In
Fig. 6, the manufacturing line 30 and the finalisation line 70 are parallel with a transport
area in between. However, the manufacturing line 30 and the finalisation line 70 can
also be juxtaposed, without having the transport area in between. The manufacturing
line 30 and the finalisation line are preferably placed in one production facility, such
that the handling is minimized.

It is worth noting that the moulds 40, 50, 60 may be moulds for different types of blades
each having different process times associated with the different process steps re-
quired for producing the blades. In order to achieve an improved capacity utilisation of
the manufacturing line 30, certain fixed steps are performed only at dedicated work sta-
tions and flexible steps between subsequent fixed steps to be performed at different
work stations are switched forwards and backwards between these work stations de-
pending on the availability of the work stations. The following table 1 gives one exam-
ple of a process table for the moulding and assembly of a downwind and upwind shell
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of a wind turbine blade in a serial manufacturing line, wherein fixed and possibly flexi-
ble process steps are indicated.

Table 1

DOWNWIND UPWIND TYPE
Mould preparation Mould preparation fixed
Gel-coat Gel-coat flexible
Gel-coat curing Gel-coat curing fixed
Glass lay-up 1 Glass lay-up 1 fixed
Balsa lay-up and Bushing | Balsa lay-up and Bushing | fixed
Glass lay-up 2 Glass lay-up 2 fixed
Infusion Media Infusion Media flexible
Vacuum Vacuum flexible
Resin Infusion Resin Infusion fixed
Curing Curing fixed
Debag Debag flexible
Close preparation Close preparation flexible
Adhesive shell base fixed
Insert web fixed
Adhesive web and flange fixed
Closure fixed
Adhesive curing fixed
Demoulding (blade to post-moulding) fixed
Clean-up flexible

The method and the manufacturing line 30 can also be performed where the moulds
40, 50, 60 are closed before supplying curable matrix material, such that an integral
wind turbine blade is formed, e.g. without a seam.

The invention has been described with reference to a preferred embodiment. However,
the scope of the invention is not limited to the illustrated embodiment, and alterations
and modifications can be carried out without deviating from the scope of the invention.
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Reference numerals

2
4

6

8

10
14
16
20
30
31
32
33
40
41
42
43
44
45
46
50
51
52
53
54
55
60
61
62
63
64
65
70
71
72
73

wind turbine

tower

nacelle

hub

blade

blade tip

blade root

wind turbine blade

manufacturing line

first work station

second work station

third work station

first mould

first mould part (of first mould 40)

first mould cavity (of first mould part 41)
second mould part (of first mould 40)

first mould cavity (of second mould part 43)
wind turbine blade (shaped from the first mould 40)
closed mould assembly

second mould

first mould part (of second mould 50)

first mould cavity (of first mould part 51)
second mould part (of second mould 50)
first mould cavity (of second mould part 53)

wind turbine blade (shaped from the second mould 50)

third mould

first mould part (of third mould 60)

first mould cavity (of first mould part 61)

second mould part (of third mould 60)

first mould cavity (of second mould part 63)

wind turbine blade (shaped from the third mould 60)
finalisation line

first finishing station

second finishing station

third finishing station
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Claims

1. A method for manufacturing wind turbine blades having a composite shell struc-
ture comprising a matrix material and a fibre reinforcement material by use of a resin
transfer moulding process, characterised in that the method comprises a manufactur-
ing line (30), where wind turbine blades are formed in a number of moulds (40), each of
the number of moulds (40) comprising at least a first mould part (41) comprising a first
mould cavity (42), the manufacturing line (30) further comprises a number of separate
work stations (31, 32), where separate manufacturing steps are carried out, wherein
the method comprises the following steps:

a) arranging the fibre reinforcement material in a first mould cavity (42) of a first mould
part (41) at a first work station (31),

b) moving the first mould part (41) with the fibre reinforcement materials by use of con-
veying means to a second work station (32) having a different position than the first
work station (31), and

c) supplying a curable matrix material into the first mould cavity (42) of the first mould
part (41) at the second work station (32).

2. A method according to claim 1, wherein the method comprises the following step:
d) moving the first mould part (41), while the matrix material is curing, by conveying
means from the second work station (32) to a third work station (33) having a different
position than the first (31) and the second work station (32).

3. A method according to claim 1 or 2, wherein the first mould (40) comprises at
least a first mould part (41) and a second mould part (43), that can be assembled to
form a closed mould assembly (46), each mould part (41, 43) comprising a mould cav-
ity (42, 44).

4. A method according to claim 3, wherein the method comprises the following
steps:

e) assembling the separate mould parts (41, 43) of the first mould (40) and applying an
adhesive between the shell parts,

f) moving the first mould (40), while the adhesive is curing, by conveying means from
the third work station (33) to the first work station (31).

5. A method according to any of the preceding claims, wherein the method com-
prises the following step:
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g) opening the closed mould assembly (46) at the first work station (31) and removing
the manufactured wind turbine blade (45).

6. A method according to any of the preceding claims, wherein the number of
moulds (40, 50, 60) are at least the same as the number of work stations (31, 32, 33)
on the manufacturing line (30), and the moulds (40, 50, 60) are circulated in a permu-
tated manner between the work stations (31, 32, 33), such that a continuous manufac-
turing line (30) is established.

7. A method according to any of the preceding claims, wherein the process steps
comprise one or more fixed process steps and/or one or more flexible process steps,
wherein the fixed process steps are dedicated to a given work station (31, 32, 33) or a
given type of work station, and the flexible process steps can be switched between
work stations (31, 32, 33).

8. A method according to any of the preceding claims, wherein the moulds (40, 50,
60) are moved between work stations (31, 32, 33) according to a production scheme
taking into account the cycle times of different types of blade to be produced concur-
rently and/or the actual time required for each process step of the blades to be pro-
duced concurrently.

9. A method according to any of the preceding claims, wherein the moulds (40, 50,
60) are moved substantially in a longitudinal direction (L) of the moulds, when being
moved by the conveying means.

10. A method according to any of the preceding claims, wherein the fibre reinforce-
ment material is dry, e.g. not pre-impregnated with resin, when arranged in the number
of moulds (40, 50, 60).

11. A method according to any of the preceding claims, wherein the manufactured
wind turbine blades have a length of at least 30 meters, or 40 meters, or 50 meters.

12. A method according to any of the preceding claims, wherein the method further
comprises a finalisation line (70) having a number of finishing stations (71, 72, 73).
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13. A method according to any of the preceding claims, wherein the first work station
(31) on the manufacturing line (30) and the first finishing station (71) on the finalisation
line (70) are juxtaposed.

14. A method according to any of the preceding claims, wherein the wind turbine
blade is moved by crane means from the first work station (31) on the manufacturing
line (30) to the first finishing station (71) on the finalisation line (70).

15. A method according to any of the preceding claims, wherein the number of
moulds (40, 50, 60) have different shapes and/or length, such that the method pro-
duces wind turbine blades (45, 55, 65) with different properties.

16. A manufacturing line (30) for manufacturing wind turbine blades having a compos-
ite shell structure comprising a matrix material and a fibre reinforcement material by
use of a resin transfer moulding process, characterised in that the manufacturing line
(30) comprises a number of moulds (40, 50, 60), the number being greater than one,
where wind turbine blades (45, 55, 65) are formed in, each of the number of moulds
(40, 50, 60) comprising at least a first mould part (41, 51, 61) comprising a first mould
cavity (42, 52, 62), and in that the manufacturing line (30) further comprises a number
of separate work stations (31, 32, 33) and in that each of the number of moulds (40, 50,
60) are movable along the manufacturing line (30) by conveying means.

17. A manufacturing line according to claim 14, wherein the number of work sta-

tions are arranged in longitudinal extension of a first workstation.
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