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DESCRIPTION

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

[0002] Modern wind turbine rotor blades are built from fiber-reinforced composites combined
with core members, such as balsa wood or plastic foam.

[0003] For example, EP 2 123 431 A1 describes a method for manufacturing a rotor blade
using a vacuum assisted resin transfer molding (VARTM)-process. In a first step of the
manufacturing process, fiber material is laid onto a lower part and an upper part of a mold,
respectively. The fiber material i1s secured In place by vacuum applied from beneath. Then,
mold cores are covered in vacuum bags and are placed in the lower part of the mold together
with a web (also known as shear web). Next, the upper part of the mold, together with the fiber
material, i1s turned 180 degrees about its longitudinal axis and put into place so that the mold Is
closed. In a further step, vacuum is applied to the space between the mold cores and the mold.
Then, resin Is Injected. When the resin has set, the mold cores are removed, the mold Is
opened and the cured blade i1s removed from the mold.

[0004] The webs typically employed In the process are manufactured in a separate process.
According to said separate process, plywood plates are covered with a fiber material. The fiber
material 1s Injected with a resin. Once the resin has set, the cured web comprising a fiber
reinforced resin and a plywood core can be taken out of a corresponding mold.

[0005] For some applications, the webs are required to have a recess at one end. The recess
IS configured to ensure a smooth transfer of loads into and out of the rotor blade, 1.e. the
recess avolids stress concentrations due to abrupt changes in the geometry. The recess Is
machined into said end of the web. In this process about 60 - 100 kg of web material need to
be removed which requires substantial manpower and causes waste.

[0006] EP 2 441 951 A1 describes a method for manufacturing a wind turbine rotor blade,
wherein webs are attached to composite fiber layers being placed in mold halves.

[0007] EP 2 261 501 A2 describes a method and a device for manufacturing a wind turbine
rotor blade. A web holding device Is used for positioning a web relatively to semi shells of a
rotor blade.

[0008] EP 2 675 030 A1 describes a shear web for a wind turbine rotor blade, wherein the

shear web has a lightning conductor and wherein the lightning conductor has an electrically
conductive foam. The shear web also has a semicircular recess at one end.

[0009] EP 2 570 254 A1 describes a method for manufacturing a wind turbine rotor blade with
a shear web. The method comprises a procedure for positioning and packing the shear web,
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which allows to use a shear web with a reduced weight and a reduced stability. The shear web
has a recess at one end.

[0010] One objective of the present invention Is to provide an improved method for
manufacturing a rotor blade for a wind turbine.

[0011] Accordingly, a method for manufacturing a rotor blade for a wind turbine, according to
the Invention, Is provided. The method comprises: arranging a first layup of fiber material
Inside a mold, the first layup corresponding to an airfoil of the rotor blade, b) arranging a
second layup of fiber material on a core member before and/or after arranging the core
member In the mold, the second layup including the core member corresponding to a web of
the rotor blade, the core member comprising a parabolic or semicircular shaped recess,
wherein the shape of the recess results in web tips tapering out towards a root of the blade to
ensure a smooth transfer of loads into and out of the web, and covering tip sections of the core
member defining the recess at least partially by layers of fiber material extending beyond a
respective tip section, and ¢) curing a resin impregnating the fiber material of the first and
second layup to form the rotor blade.

[0012] The method Is advantageous In that there 1s no need anymore to machine the recess
Into the cured web, thus saving man power and avoiding waste. Rather, the recess Is provided
In the core member, and the dry or wetted (i.e. iImpregnated with resin) and therefore flexible
second fiber layup Is provided so as to follow the geometry of the recess. For example, the
core member may be comprised of wood or plastic foam, e.g. polyvinyl chloride (PVC),
polyethylene terephthalate (PET), polybutylene terephthalate (PBT) or polyurethane (PU). Both
materials may easily be provided with the recess. For example, the core member may be
machined, In particular sawed, to have the required shape. Or, In the case of foam In
particular, the core member may be cast in the desired shape having the recess. Further, the
core member may comprise of a plurality of core elements which can be connected in manner
to form the desired shape.

The fiber material used for the first and second layup may comprise fiber material of different
shapes and composition. For example, the fiber material may comprise a layup of fibers,
rovings, a fiber mat, a fiber fabric, woven fibers or a fiber felt. The fibers may be arranged
unidirectionally, in a biax-configuration or in any other configuration. The fibers may comprise
glass fibers, carbon fibers and/or aramid fibers, for example. The fiber material may be
supplied in a pre-impregnated state (so called prepreg material) or in an unimpregnated state.
In the latter case, the fiber material is impregnated with a resin before step (c¢). For example,
the resin may be Injected Into the fiber material in a resin transfer molding (RTM) or vacuum-
assisted resin transfer molding (VARTM)-process. In a VARTM process for example, the first
and second layup comprising the fiber material as well as the core member are covered In a
vacuum bag. In a further step, vacuum is applied to the region between the vacuum bag and
the mold. Then, resin Is Injected In said region. After the resin has set or has been cured -
typically by the addition of external heat -, the vacuum bag and/or the mold is removed and the
final rotor blade 1s obtained. Of course, when using a prepreg material there is no need to
Inject the fibers material with resin.
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[0013] Generally speaking, the mold may be an open or a closed mold. For example, the mold
may comprise one or more parts, in particular a lower part and an upper part.

[0014] "Uncured"” herein refers to the resin not being hardened and/or cross-linked at all or not
to a substantial extent. "Cured” or "set" refers to the resin being hardened and/or cross-linked
to an extent where a shape of the fiber-reinforced resin will not or not significantly change
anymore.

[0015] Examples of a resin which may be used for impregnating the fiber material are epoxy,
polyester, vinylester or any other suitable thermoplastic or duroplastic material.

[0016] By the step of arranging the second layup of fiber material on the core member before
"and"” after arranging the core member in the mold it is meant that first portions of the second
layup are laid on the core member before arranging the core member in the mold and second
portions of the second layup are laid on the core member after arranging the core member In
the mold. Arranging the second layup on the core member before arranging the core member
In the mold may ease the layup process due to improved accessibility.

[0017] According to a further embodiment, the core member having the recess may already
comprise a cured fiber-reinforced plastic material before step b). In this case, the second layup
forms an additional layer of fiber material on the core member.

[0018] The fiber material of the first and/or second layup In step a) or b) may be dry or wet.
[0019] "Layup” herein 1s defined as one or more layers of fiber material.

[0020] "a)", "b)" and "c)" are not to imply a fixed order of the method steps. Rather, the steps
a) to ¢) may be carried out In a different order where appropriate in the mind of the skilled
person.

[0021] The recess has a parabolic or semicircular shape.

[0022] These shapes result iIn web tips tapering out towards the root of the blade. This
iImproves the load transfer into and out of the web.

[0023] According to a further embodiment, the core member comprises at least two interlocked
elements.

[0024] Interlocking Is preferably achieved by the at least two elements engaging each other, or
by providing a third element engaging both elements simultaneously. Standard raw material,
e.g. wooden plates, may be used. In particular, the interlocked elements may each be made of
a single ply wood plate. Further, the core member may be assembled on site, 1.e. at or In the
mold.



DK/EP 2918399 T3

[0025] According to a further embodiment, the two interlocked elements comprise a tongue-
and-groove joint and/or are simultaneously engaged by a locking element.

[0026] According to a further embodiment, the core member comprises a base section and
two tip sections, the base section and the two tip sections at least partially defining the recess,
wherein the two tip sections are interlocked with the base section.

[0027] Thus, the recess may be obtained in an easy manner. Further, this allows the two tip
sections to be mounted to the base section at different stages of the manufacturing process,
for example.

[0028] According to a further embodiment, the core member and/or the at least two interlocked
elements are made of wood and/or foam.

[0029] For example, plywood, PET or PU may be used.

[0030] According to a further embodiment, the core member and/or the at least two interlocked
elements are made of a planar material.

[0031] This corresponds well with the planar shape of the web.

[0032] According to a further embodiment, step b) comprises fastening layers of fiber material
of the second layup to the core member by use of staples.

[0033] Movement or dislocation of the layers relative to the core member or core element may
thus be prevented. Further, the core member or core elements can be prepacked with fiber
material and easily transported to the site of the mold.

[0034] Step b) comprises covering tip sections of the core member defining the recess at least
partially by layers of fiber material extending beyond a respective tip section.

[0035] The layers may extend beyond the tip section In a sideways and/or longways direction
of the tip section. This reduces the risk of delamination at the respective tips of the web from
the Inner surface of the airfoil. According to a further embodiment, one of the at least two
Interlocked elements Is covered with the fiber material outside the mold and the other one of
the at least two interlocked elements is covered with the fiber material inside the mold.

[0036] This offers a process with high flexibility.
[0037] According to a further embodiment, wherein the one of the at least two Interlocked
elements covered with layers of the second layup outside the mold is a tip section of the core

member.

[0038] It may be advantageous to mount the top tip section only after having arranged the
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base section and the lower tip section as well as a core member supporting the same inside
the mold.

[0039] According to a further embodiment, wherein step b) comprises arranging at least one
support element between the core member and the first and/or second layup.

[0040] The support element may lend support to the core member and/or to the fiber material.

[0041] According to a further embodiment, the at least one support element has a groove
recelving a corresponding edge of the core member.

[0042] The at least one support element may have a triangular cross-section with the groove
formed into its tip portion.

[0043] According to a further embodiment, further core members are arranged inside the mold
to either side of the core member for supporting the same.

[0044] According to a further embodiment, the tip section and/or a corresponding support
element are only Interlocked with the base section after the further core members are
arranged inside the mold.

[0045] "Wind turbine” presently refers to an apparatus converting the wind's kinetic energy into
rotational energy, which may again be converted to electrical energy by the apparatus.

[0046] Further objects, features and advantages of the present disclosure become apparent
from the subsequent description and depending claims, taken In conjunction with the
accompanying drawings, in which:

Fig. 1 I1s a perspective view of a wind turbine according to an one embodiment;
Fig. 2 shows a perspective view of a root end of a rotor blade according to an embodiment;

Fig. 3 shows a perspective view of a core member used to manufacture a web of the rotor
blade of Fig. 2;

Fig. 4 Is a perspective view of tip section of the core member of Fig. 3;

Fig. 5 shows a section view from a VARTM-process according to an embodiment of a method
for manufacturing the rotor blade of Fig. 2;

Fig. 6 1s an enlarged view VI from Fig. 3, wherein the view V| also corresponds to a section
along section line VI-VI Iin Fig. 3 when the core member Is arranged inside the mold; and

Fig. 7 shows a flowchart in accordance with an embodiment of a method for manufacturing a
component for a wind turbine.
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[0047] In the Figures, like reference numerals designate like or functionally equivalent
elements, unless otherwise indicated.

[0048] Fig. 1 shows a wind turbine 1 according to an embodiment.

[0049] The wind turbine 1 comprises a rotor 2 connected to a generator (not shown) arranged
Inside a nacelle 3. The nacelle 3 Is arranged at the upper end of a tower 4 of the wind turbine
1.

[0050] The rotor 2 comprises three blades 5. Rotors 2 of this kind may have diameters ranging
from, for example, 30 to 160 meters. The blades 5 are subjected to high wind loads. At the
same time, the blades 5 need to be lightweight. For these reasons, blades 5 in modern wind
turbines 1 are manufactured from fiber-reinforced composite materials. Therein, glass fibers
are generally preferred over carbon fibers for cost reasons. In addition, the blades 5 each
comprise one or more core members made of a light material to reduce the weight of the
blades 5. The core members also lend support to a fiber layup during manufacturing of the
blades 5 as well as during operation of the wind turbine 1.

[0051] Fig. 2 shows a perspective view of a root end 6 of one of the blades 5 from Fig. 1.

[0052] The blade 5 comprises a shell or airfoll 7 enclosing a space 8. Aweb 9 inside the space
8 extends In the longitudinal direction of the blade 5. The web 9 I1s connected along opposite
edges 10, 11 to the inside surface 12 of the airfoll 7.

The web 9 has a recess 13 formed In its end facing towards blade root. The recess 13 has a
parabolic shape defined by a base section 14 and tip sections 15, 16 tapering down from the
base section 14 towards inner surface 12.

[0053] While the airfoil 7 1s preferably made from a fiber-reinforced plastic material and, as the
case may be, various coatings, the web 9 comprises a fiber-reinforced plastic material and a
core member arranged within the fiber-reinforced plastic material.

[0054] Fig. 3 Illustrates a core member 17 which may be used in a VARTM-process to produce
the web 9.

[0055] The core member 17 comprises a number of releasably interlocked elements, for
example a base section 18, tip sections 19, 20 and a further base section 21. The sections 18,
19, 20 and 21 are made from plywood plates, 1.e. plates comprising a number of wooden
layers glued together, by cutting or other material removal operations. Having separate
elements or sections 18, 19, 20 and 21 allows the raw plates to be of a standard size
simplifying storage and manufacturing. Also, having separate elements or sections 18, 19, 20
and 21 may simplify assembly of the core member 17 In- or outside a mold used In the

VART M-process.
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[0056] The section 18, 19 and 20 are shaped so as to define a parabolic recess 22, the tip
sections 19, 20 tapering down from the base section 18. The tip sections 18, 19 may form a
tongue-and-groove joint 23 with the base section 18, respectively. In particular, the tongue and
groove may respectively have curved shape as indicated in Fig. 3.

[0057] The base section 18 may be connected to the further base section 21 by locking
elements 24. The locking elements 24 may have a U-shape, each locking element 24 being
engaged with both sections 18, 21.

[0058] Other ways of connecting the various elements or sections 18, 19, 20 and 21 may be
used instead. For example screws or glue may be used.

[0059] In another embodiment, the entire core member 17 (or some of its elements or
sections) Is made of plastic foam, e.g. PET or PU.

[0060] Further, Fig. 3 Illustrates Iin dashed lines support elements 25, 26 and 27, which are
associlated with the sections 20, 18 and 21 respectively and extend along respective upper and
lower edges 28, 29 of the core member 17. The support elements associated with the upper
edge 28 i1s not shown In Fig. 3 for reasons of clarity.

[0061] Each support element 25, 26 and 27 has a substantially triangular cross-section 30
comprising an upper groove 31, in which a respective edge (corresponding to the edge 29) of
the sections 20, 18 and 21 Is engaged. Curved sides 32, 33 of the support elements 25, 26
and 27 lend support to a fiber layup as will be explained hereinafter.

[0062] Fig. 4 illustrates the tip section 20 and the support element 25 from Fig. 3 as well as a
layup 34 of fiber material.

[0063] For example, the layup 34 may comprise a plurality of fiber mats 35, the fiber mats 35
overlapping one another at least partially. Each fiber mat 35 may comprise rovings In criss-
cross arrangement. The fiber mats 35 extend beyond the tip section 20 in a sideways direction

Y and a longways direction X in order to reduce the risk of delamination from the inner surface
12 of the airfoll 7, cf. Fig. 2.

[0064] The fiber mats 35 are attached to the tip section 20 by staples 36 using a staple gun
(not shown). Yet, other ways of fastening the fiber mats 35 to the tip section 20 are also
possible. The staples 36 are driven so deeply into the wood of the tips section 20 that they do
not damage a vacuum bag employed in the VARTM-process described hereinafter.

[0065] The tip section 20 Including the (dry) layup 34 and, as the case may be, the support
element 25 may be prepacked and delivered to a mold 40 shown In Fig. 5. In fact, the entire

core 1/ may, as a whole or each section 18, 19, 20, 21 separately, be prepacked with a (dry)
layup 34 and delivered to the mold 40.
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[0066] Fig. 5 shows the mold 40 in a cross-section, and Fig. 6 illustrates an enlarged region VI
from Fig. 5. Also, 1t is referred to Fig. 7 illustrating a flow diagram of the VARTM-process now
described.

[0067] The mold 40 may be a closed mold comprising a lower and an upper half 37, 38. In the
beginning, the upper half 38 Is positioned next to the lower half 37 and turned by 180 degrees
compared to Fig. 5. Alayup 39 of fiber material, comprising for example fiber mats as shown In
Fig. 4, Is created on the lower and upper half 37, 38 respectively. Then, vacuum is applied
underneath a respective layup 39. To this end, a suction pump 41 (Fig. 6) may create a
vacuum between an outermost layer 42 of the layup 39 and an inside mold surface 43. The
outermost layer 42 may have a lower air permeability then layers 44 underneath layer 42. This
step of creating a layup 39 in the mold 40 is illustrated by step S2 In Fig. 7. The layup 39
comprises dry fibers. According to another embodiment, pre-impregnated fibers may be used.

[0068] In step S3, the core member 17 1s, as a whole or each section 18, 19, 20, 21
separately, arranged inside the lower half 37 of the mold 40 on top of the layup 39. If the
sections 18, 19, 20, 21 are brought into the mold 40 separately, they are connected to one
another by means of the tongue-and-groove joints 23 and/or the locking elements 24 inside
the mold 40, otherwise they are connected outside the mold 40.

[0069] The core member 1/, as a whole or each section 18, 19, 20, 21 separately, may at the
point of arranging them on the layup 39 be covered by the layup 34. Or, the "bare" core
member 17 1s arranged inside the mold 40 and then the layup 34 Is arranged on the core
member 17. Portions of the layup 34 covering the base section 18 as well as parts of the
recess 22 1S shown In dashed lines Iin Fig. 6. Providing the layup 39 on the core member 17
before arranging the core member 17 Inside the mold 40 Is Iindicated by step S1. Step S4
Indicates an embodiment where the layup 39 Is provided on the core member 17 after
arranging the same inside the mold 40.

[0070] According to a further embodiment, the sections 18, 20 and 21 are covered with the
layup 39 Inside the mold 40, and the tip section 22 i1s prepacked as described In connection
with Fig. 4. The step of prepacking is indicated by step S1'In Fig. 7.

[0071] Though, before arranging the core member 17 or the sections 18, 20 and 21, the
support elements 25, 26 and 27 should be positioned on the layup 39. The edge 29 of the core
member 17 Is then brought into engagement with the groove 31 In each of the support
elements 25, 26 and 27.

[0072] Next, core members 45 are wrapped Iinto a vacuum bag 46, respectively. Then, the
core members 45 are arranged In the hollow spaces left and right of the core member 17 as
shown In Fig. 6. This corresponds to step S5 In Fig. 7.

[0073] In the case of having only a prepacked upper tip section 19, this tip section 19 I1s now
connected to the base section 18 by means of the tongue-and-groove joint 23 In step S6. In
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any case, the support elements 25" (other support elements not shown) are now placed at the
top, and the groove 31' Is brought into engagement with the edge 28 of the core member 17.

[0074] In a further step, the mold 40 is closed by turning the upper half 38 by 180 degrees and
placing it on top of the lower half 37. In this manner, the layup 39 comes to lie against the
support elements 25" as well as the layup 34.

[0075] Then, vacuum Is applied to a space 47 between the vacuum bags 46 and the
respective mold surfaces 43. In step S7 (Fig. 7), the resin Is injected into the space 47 and the
mold 40 1s heated In order to cure the resin. If prepreg material is used, the step of injecting
the resin 1s not required.

[0076] Now, the mold 40 is opened and the mold cores 45 are removed. The cured rotor blade
5 may then be taken out of the lower half 37 of the mold 40. The resin reinforced by the layup
39 corresponds to the airfoil 7, the resin reinforced by the layup 34 and including the core
member 17 corresponds to the web 9.

[0077] It will be noted that the web 9 produced In this manner has the parabolic recess 13
shown In Fig. 2, and no removal of material is required.
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Patentkrav

1. Fremgangsmade til fremstilling af en rotorvinge (5) for en vindmalle (1), om-
fattende trinnene

a) anbringelse (S2) af en farste lagopbygning (39) af fibermateriale inde | en
form (40), hvor den farste lagopbygning (39) svarer til en airfoll (/) af rotorvin-
gen (9),

b) anbringelse (S1, S1', S4) af en anden lagopbygning (34) af fibermateriale
pa et kerneelement (17) far og/eller efter anbringelse af kerneelementet (17) |
formen (40), hvor den anden lagopbygning (34) indeholder kerneelementet
(17), der svarer til en ribbe (9) af rotorvingen (5), hvor kerneelementet (17)
omfatter en parabolsk eller halvcirkuleert formet reces (22), hvor formen af re-
cessen (22) resulterer | ribbespidser, som tilspidses udad mod en rod (©6) af
vingen (95) for at sikre en glat overgang af belastninger ind 1 og ud af ribben (9),
0g daekning af spidssektioner (19, 20) af kerneelementet (17), som definerer
recessen (22) | det mindste delvist ved lag (35) af fibermateriale, der streekker
sig ud over en respektiv spidssektion (19, 20), og

c) heerdning (S7) af en harpiks, som impraegnerer fibermaterialet af den ferste
0og anden lagopbygning (39, 34) for at danne rotorvingen (9).

2. Fremgangsmade ifalge krav 1, hvor kerneelementet (17) omfatter mindst to
sammenlaste elementer (18, 19, 20, 21).

3. Fremgangsmade ifelge krav 2, hvor de to sammenlaste elementer (18, 19,
20, 21) omfatter en tunge-og-rille-forbindelse (23) eller er | et samtidigt indgreb
med et laseelement (24).

4. Fremgangsmade ifalge krav 2 eller 3, hvor kerneelementet (17) omfatter en
pasissektion (18) og to spidssektioner (19, 20), hvor basissektionen (18) og de
to spidssektioner (19, 20) | det mindste delvist definerer recessen (22), hvor
de to spidssektioner (19, 20) er sammenlast med basissektionen (18).
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5. Fremgangsmade ifalge krav 4, hvor kerneelementet (17) og/eller de mindst
to sammenlaste elementer (18, 19, 20, 21) er fremstillet af tree og/eller skum.

6. Fremgangsmade ifalge et af kravene 1 til 5, hvor trin b) omfatter fastgerelse
af lag (39) af fibermateriale af den anden lagopbygning (34) til kerneelementet
(17) ved anvendelse af klammer (36).

7. Fremgangsmade ifelge et af kravene 2 til 6, hvor i trin b) et af de mindst to
sammenlaste elementer (18, 19, 20, 21) deekkes med lag af den anden lagop-
bygning (34) uden for formen (40), og det andet af de mindst to sammenlaste
elementer (18, 19, 20, 21) deekkes med lag af den anden lagopbygning (34)
Inde | formen.

8. Fremgangsmade ifalge krav 7, hvor det ene af de to sammenlaste elemen-
ter (18, 19, 20, 21), som er deekket med lag (35) af den anden lagopbygning
(34) uden for formen (40), er en spidssektion (19, 20) af kerneelementet (17).

9. Fremgangsmade ifalge et af kravene 1 til 8, hvor trin b) omfatter anbringelse
af mindst et statteelement (25, 25, 26, 27) mellem kerneelementet (1/) og den
ferste og/eller anden lagopbygning (39, 34).

10. Fremgangsmade ifalge krav 9, hvor det mindst ene statteelement (25, 25/,
20, 27) harenrille (31, 31'), der optager en tilsvarende kant (28, 29) af kerne-
elementet (17).

11. Fremgangsmade ifalge et af kravene 1 til 10, hvor yderligere kerneelemen-
ter (45) anbringes inde i formen (40) pa hver side af kerneelementet (17) for at
understatte samme.

12. Fremgangsmade ifalge krav 11, hvor spidssektionen (19) og/eller et tilsva-
rende statteelement (25') kun sammenlases med basissektionen (18), efter at
de yderligere kerneelementer (45) er blevet anbragt inde | formen (4).
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DRAWINGS

Fig. 1
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