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Title of Invention

Stiffening sheet for use in a fibre reinforced laminate, fi-
bre reinforced laminate and wind turbine blade, and a method

of manufacturing a fibre reinforced laminate

Detailed Explanation of the Invention

The invention describes a stiffening sheet for use in a fibre
reinforced laminate, a fibre reinforced laminate and a wind
turbine blade comprising such a stiffening sheet, and a

method of manufacturing a fibre reinforced laminate.

Wind turbine blades mavy be manufactured using a technigue
such as the closed-mould casting technigue in which the en-
tire blade can be moulded. For example, glass fibre matting
can be used to builld up component lavers in a suitably shaped
mould, and the layvers of matting are bonded with a resin and
cured in the mould to give a fibre reinforced polymer or
glass-reinforced plastic, generally referred to simply as
“fibreglass”. Such a method is described in EP 1 210 351 Al.

The component layers prepared by such a closed-mould casting
technicgue may be constituted of several tens to hundreds of
lavers of reinforcing mats such as glass fibre mats or lavers
which are bonded together by impregnating the fibre mats or
lavers with a resin. Alternatively, fibre reinforced laminate
structures may be used as component layers to enhance the
strength and stiffness of the cast part.

The structural characteristics of a fibre reinforced compo-
nent layver are usually governed by the amount, type and ori-
entation of the fibres in each layer of the laminate struc-—
ture. Typically, the stiffness and strength of a component
laver depends on the loading occurring in the longitudinal
fibre direction. Therefore, a traditionally designed fibre
reinforced component layer assumes that the fibres of the
finished component layer will have the same orientation in

the finished component as when placed in the mould. However,
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in some cases wrinkles, folds or knits in the fibre lavers
may form during the manufacturing process. In such cases the
fibres in the wrinkles, folds, or knits no longer have the
desired orientation, and severe overload of the fibre rein-

forced component layer may be the result.

Wrinkles, folds, or knits may form for a number of reasons.
The thermal expansion of a fibre reinforced component laver
during curing may exceed the thermal expansion of the mould,
in which case the fibre reinfcrced compconent layer may come
under compressive pressure before the matrix material, typi-
cally a thermoplastic or thermosetting material, is cured
sufficiently to maintain the fibres in the desired corienta-
tion. Uneven stiructures underneath the fibre reinforced com-
ponent laver or undulations in the surface on which the fibre
reinforced component layer is bullt up may promote the devel-

opment of wrinkles, folds, or knits.

Atenmpts of preventing wrinkles in fibre reinforced component
lavers comprise typically a combination of one or more known
technigues. For example, the fibre reinforced component laver
thickness is kept below certain limits in order to minimise
exothermal heat generation. Moulds and other surfaces on
which the fibre reinforced component laver 1s formed must be
maintained at a high gquality. Curing must be carried out at
carefully controlled temperature gradients so as to minimise
differences in the thermal expansion. However, these addi-

tional efforts add overall cost of manufacture.

Another method for aveiding wrinkles in fibre layers consists
of including stiffening sheets between the fibre lavers. The
stiffening sheets are selected from materials stiffer than
the fibre material. When positioned between lavers of, for
example, fibreglass mats, the stiffening sheets prevent wrin-
kles, folds, or knits forming in the fibre mat lavers, be-
cause the fibre mats are kept more or less flat by the stiff-

ening sheets.



17 JP 2012-148565 A 2012.8.9

The commonlv-used stiffening sheets are a pre-cured solid
sheet of a resin material, & perforated, mesh-like or any
other resin-permeable sheet such as, for example, a foil made

of wood or metal.

In US2005/0048260 Al a method of fabricating a laminated com—
posite body including a metal foll and a plurality of fibre
plies is disclosed. The method includes perforating a sheet
of metal foil, stacking the perforated metal foil sheet in
the plurality of fibre plies in face to face relation in a
predeternined order and corientation, and infusing resin into
the stacked sheet and plies so that resin flows through the
perforations in the metal foll sheet and intersperses bhetween
the plurality of fibre plies to form the laminate composite
body. Instead of a perforaeted metal foll, a plurality of thin
metal foil strips may be used as metal composite elements
which are arranged between the fibre plies in order to make a
laminate fibre-metal-composite structure of desired stiffness
after resin infusion and hardening. Thereby, the metal foil
strips are used to make 1t possible for the resin to flow
through the spaces between the foll strips for wetting the

fibre plies in the laminate structure.

In WO 2004/071761 Al a laminate of at least two plates formed
from aluminium alloy 1s discloesed, between which an interme-
gilate laver is situated contalning at least two groups of
continuous, mutually parallel fibres. The intermediate laver
is connected to tThe metal plates during resin hardening. How-—
ever, this laminate cannot be prepared according to a resin
infusion technigue and tThus results in a complicated and ex-—

pensive laminate.

In WO 95/20479 Al a method of manufacturing a composite lami-
nate having a plurality of unidirecticonal ocoriented lavers,
for example lavers of matrix material reinforced with unidi-

rectional oriented fibres is disclosed. At least one inner
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metal layer, for example a metal layer that does not form an
outer surface of the laminate, is arranged together with the

other lavers so as to give a balanced and symmetric laminate.

In EP 2113373 Al a method of manufacturing a reinforced lami-
nate lg disclosed which comprises fibre material sheets. In
the fibre reinforced laminate a laver is prepared which has
in a first lateral direction a greater stiffness than in a
second lateral direction and which has in the first lateral
direction a greater stiffness than the other lavers consti-
tuting the laminate. According to this document, the specific
characteristic of this laver is achieved bv a fibre material
sheet which is partly impregnated with resin and pre-cured
such that the cured resin forms spaced strips extending along

the first lateral direction of this sheet.

2 disadvantage of rigid or stiff sheets like the sheets and
layers described in the above prior art may be that the laver

cannot be shaped over a rounded or curved body.

If, however, wrinkles, folds or knits are formed in fibre re-—
inforced component lavers despite preventive action taken
during manufacture, repair or reijection of the layers will
usually be required, as the loss of stiffness and/or strength
owing to the wrinkles, folds, or knits will often exceed any

realistic safety mergins or tolerances.

It is therefore an obiject of the present invention to provide
an improved stiffening sheet for use in a fibre reinforced
laminate, a fibre reinforced laminate and a wind turbine
blade comprising such a stiffening sheet, as well as a method
of manufacturing a fibre reinforced laminate in order to

overcome the problems mentioned above.

The obdject of the invention is achieved by a stiffening sheet
according to claim 1, and by a fibre reinforced laminate ac—

cording to claim 11, and by a wind turbine klade according to
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claim 12, and by a method of manufacturing a fibre reinforced

laminate according to claim 13.

The stiffening sheet for use in a fibre reinforced laminate
comprises reinforcing strips being connected or joined to a
surface of a stiffening sheet base lavyer made of fibre mate-
rial. The favourable connection of reinforcing strips te the
surface of a stiffening base laver allows a fixation of the
stiffening elements, namely of the reinforcing strips, in a

suitable pattern on the stiffening base laver.

Most preferably, the reinforcing strips are arranged such
that they are suitably spaced from each other. In an embodi-
ment of the invention, the reinforcing strips are arranged in
a substantial parallel pattern on the surface of the base
layer. 0f course, they can be arranged in a bent-like form or
in any other suitable curved pattern which depends on the use
of the stiffening sheet in the laminate part. It might be fa-
vourable to arrange more reinforcing strips in one part of
the base layer than in another part or to reduce the space
between two adijacent reinforcing strips in some parts of the
base laver. This allows a more simple modification of the
stiffness of the stiffening sheet or of the reinforcing di-

rection provided by the stiffening sheet.

If the stiffening elements are suitably arranged on the sur-
face of the stiffening sheet base layer, the stiffening sheet
can be favourably used in a method of manufacturing a fibre
reinforced laminate. The stiffening sheet is favourable in
preventing underlying fibre mats or fibre reinforced lavers
from forming wrinkles, folds, or knits during the manufactur-
ing process of a composite fibre reinforced laminate product.
Compared to the relative rigid stiffening sheets commonly
uged, the stiffening sheet of the invention can easily be
shaped and draped over a rounded or curved body due to the
flexibility of the stiffening element pattern and the direct

connection of the stiffening elements to the base laver. In
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case the reinforcing strips would not be suitably connected
or Jjoined to the basse layer, but would be placed witheout any
fixation to the underlying fibre mats, the stiffening effect
or the so called wrinkle-preventive effect would not easily
be maintalined during the manufacturing process, especially
during the infusion of a resin into the fibre reinforced lay-
ers. This is because the stiffening elements can easily be
displaced 1f there 1s no connection to the fibre mats or if
they are not directly connected to or spaced apart from each
other.

In the fibre reinforced laminate of the invention, which is
composed of a layer stack of alternate lavers of fibre mate-
rial and stiffening sheets according to the invention, the
formation of wrinkles, folds, or knits is favourably pre-
vented during the manufacturing process. Thus, the stiffness
and/or the strength of the fibre reinforced laminate can be
improved because of the wrinkle preventive effect of the
stiffening sheet comprised. In the context of the present in-
vention, the terms “layer stack of alternate lavers” is in-
tended to include also lavyer stacks or laminate stacks in
which two or more fibre material sheefs such as fibre mats or
fibre plies may be adjacent to each other before the next
stiffening sheet 1s arranged thereon as long as at least two
different lavers are stacked on each other in such a lami-
nate. Alternatively, two or more stiffening sheets may be ad-
jacent to each other followed by one or more fibre material
sheets. For the invention it 1s favourable that stiffening
sheets are arranged within fibre material sheets in substan-
tially alternating order to provide the wrinkle-preventing

effect of the stiffening sheets to the fibre material sheets.

A wind turbine blade according to the invention comprises a
stiffening sheet or preferably a fibre reinforced laminate of
the invention and, thus, has an improved stiffness and
strength due to the respective wrinkle-preventive effect of
the stiffening sheet comprised or used.
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In the method of manufacturing a fibre reinforced laminate
according to the invention, a stiffening sheet of the inven-—
tion i1s arranged onto a fibre material laver. The use of a
stiffening sheet comprising reinforcing strips, which are
connected or Jolned to a surface of a stiffening sheet base
layver made of fibre material, prevents the underlying fibre
mats from wrinkling, folding, or knitting during the process
steps of assembling a layer stack, infusing and curing a
resin. Curing means in the context of the invention a self-
hardening process or a curing of the resin by means of heat-

ing.

The stiffening sheet according to the invention is responsi-
bhle for an improved wrinkle-preventive action compared to
common stiffening sheets like metal plates arranged onto fi-
bre mats without any connection to a respective base layer,
especially in the status where the resin is not cured. More-
over, the reinforcing strips used as wrinkle-preventive ele-
ments can be arranged in any sultable shape depending on the
form of the laminate to be produced or the mould used in the
manufacturing method. As they are connected or joined to the
base laver of the stiffening sheet, the reinforcing strips
are substantially fixed in their position onto the surface of
the base layer and, thus, also in the laminate stack even

though the resin in the laminate is not vet cured.

Particularly advantageous esmbodiments and features of the in-
vention are given by the dependent claims, as revealed in the
following description. Features of the embodiments may be

combined as desired to arrive at further embodiments.

The stiffening sheet according to the invention can, in an

embodiment of the invention, comprise at least one reinforc-
ing strip which is bonded to the stiffening sheet base laver.
Bonding in the context of the invention means that the rein-

forcing strip is rigidly fixed or Jjoined to the base laver by
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a sultable temporarily or permanent bonding means. For exam-
ple, the reinforcing strip mav be bonded in a strip-like pat-
tern to the stiffening sheet base layver. Such a strip-like
pattern mavy be formed by providing a strip of a bonding agent
like glue onto the surface of the base layer and then press-—
ing the reinforcing strip into the bonding agent. Suiltable is
that at least one of the reinforcing strips of a stiffening
sheet 1s bonded to the base layer in this manner, while cother
reinforcing strips of this stiffening sheet may be connected
in a different manner to the base layer. For example, only
the reinfeorcing strips in the middle of a stiffening sheet
are bonded while the reinforcing strips at the outer sides of
the stiffening sheets are connected in a different manner,
for example by one of the exemplified connecting means as ex—
plained hereafter. Of course it i1s also within the invention
that all reinforcing trips are bonded to the surface of the

base laver.

In another embodiment, it is also possible that the reinforc-—
ing strips are joined to the base layer in a strip-like pat-
tern by any connecting means as described in one of the fol-

lowing embodiments or examples.

In an embodiment, at least one of the reinforcing strips may
be connected or Joined to the stiffening sheet base layer at
single attachment points. As exemplary attachment points can
be mentioned an adhesive attachment point, a resin attachment
point, or a clamp attachment point. In an alternative, at
least one of the reinforcing strips can be stitched or sewn
to the stiffening sheet base layer, thus forming single at-

tachment points.

If a reinforcing strip is connected at least in single at-
tachment points as described beforehand, the other parts of
the reinforcing strip, that means the parts of the strips ly-
ing between the single attachment points, may not fixed to

the base layer. In this case, the stiffening sheet will be
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provided with some flexibility also in the longitudinal di-
rection of the reinforcing strip. Thereby, the reinforcing
strips mav be adjusted to a bent-like or curved form or shape

of the laminate and/or mould.

According to an embodiment, the stiffening sheet of the in-
vention can comprise at least one reinforcing strip, which is
connected to the base layer such that the reinforcing strip
is movable in its longitudinal direction. In the context of
the present invention, the term “being movable in its longi-
tudinal direction” means that the reinforcing strip is con-
nected to the stiffening sheet base material layer such that
it i1s substantially fixed in its lateral direction, but can
be slightly moved within its longitudinal direction. For ex-—
ample, the reinforcing strip is arranged on the surface of
the base laver and i1s connected at single attachment points
such that 1t can be moved in its longitudinal direction only.
Thus, the stiffening sheet can be provided with a suitable
flexibility also in the longitudinal direction of the rein-
forcing strips because at least one of the reinforcing strips
is fixed only in the lateral direction to the base laver, but
not in its longitudinal direction. This is favourable because
it 1s then easier tTo plage the stiffening sheet over a curved
surface of fibre mats or a rounded shape of the laminate
stack without influencing the wrinkle-preventive effect of

the stiffening sheet.

In a further preferred embodiment, at least one reinforcing
strip or any of the reinforcing strips of the stiffening
sheet of the invention can be guided throuch guiding means,
such as strips or pockets, which are provided on the stiffen-
ing sheet base layer. Alternatively, the guiding means can be
formed by means of the base lavyer material itself, for exam-
ple by providing several holes in the base laver, through
which the reinforcing strips are pushed such that the base
laver is provided in some parts on top of the strip and in

other parts below the strip. Thereby, the reinforcing strip
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ig fixed in lateral direction by means of the holes as guid-
ing means, but is movabkle in longitudinal direction of the

strip.

Similar to the previous arrangement of the reinforcing
strips, the reinforcing strip guided by a guiding means pro-
vides a sufficient flexibilility in longitudinal directicn to
the stiffening sheet, while fixing the reinforcing strips to
the base laver in the lateral direction. Thus, an improved
adjustment Lo a curved or rounded shape of the laminate stack
is possible while the wrinkle-preventing effect is main-
tained.

Generally, a reinforcing strip may in the context of the in-
vention be any stiffening element which is suitable for pro-
viding a desired stiffness or rigidity in the reinforcing 4di-
rection of the stiffening sheet. As exemplary embodiments of
the reinforcing strips for the use in the stiffening sheet of
the present invention can be mentioned thin rods which are,
prreferably, composed of an essentially rigid material. Thin
rods having a sufficient stiffness and strength in longitudi-
nal direction while providing enoucgh flexibility to the
stiffening sheet in their lateral direction can have any
cross section as long as they provide a sufficient stiffness
and strength. As exemplary materials of the reinforcing
strips any materials providing a sufficient stiffness in lon-
gitudinal direction of the strips can be mentioned. The mate-
rial preferably conmprises wood and/or a metal and/or glass

fibres and/or a resin.

The reinforcing strips may have an essentially rounded or
oval cross section such as in rods, but they can also be flat
strips 1f the material is a very stiff material. Relative
flat strips may be favourable because they would not result
in teoo big holes or spaces between the base laver and the
next fibre material layer of the laminate. It is also pre-

ferred that the reinforcing strips or slender rods have a
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length substantially identical to the stiffening sheet used.
Cf course 1f the finished product is a blade of a wind rotor,
view stiffening sheets usually have to be lied in consecutive
orcder. In this case, it 1s favourable to overlie the adjacent
stiffening sheets in such a manner that the reinforcing
strips are arranged not in line with each other but in an in-

terlocked manner.

The reinforcing strips or slender rods can favourably have a
width or diameter of in the range of about 0.01 to 2 cm, more

preferably between 0.02Z to 0.5 cm, and usually about 0.15 cm.

The spaces hetween two adijacent reinforcing strips are within
a range of about 10 or 500 times the diameter or width of the
strips, and preferably the spaces are in the range of about 1

cm to 15 cm, more preferably about 5 cm.

The fibre reinforced laminate according to the invention
which is composed of a laver stack of alternate layvers of fi-
bre material and stiffening sheets can comprise any of the
afore mentioned stiffening sheets of the invention to be pro-

vided with a sufficient stiffness and strength.

The wind turbine blade according to the invention comprises a
stiffening sheet according to the invention and preferably a
fibre reinfeorced laminate of the invention having a suffi-
clent stiffness and strength due to the wrinkle-preventing

effect of the stiffening sheet.

The method ¢f manufacturing a fibre reinforced laminate com-
prises the step of arranging a stiffening sheet of the inven-—
tion onto a fibre material laver. The use of the stiffening
sheet comprising reinforging strips being connected or joined
to a surface of a stiffening sheet base layer made of fibre
material facilitates not only the process of assembling the
laminate stack but also widens the spectrum of shapes pro-

duced in a reliable manner without or with a reduced forma-
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tion of wrinkles, folds, or knits during the manufacturing
process. Especially, in a favourable embodiment of the method
of the inventicon, at least two stiffening sheets are used in
the laminate, wherein they are arranged in such a manner that
the reinforcing direction of a first stiffening sheet is in a
substantial transversal direction, preferably in an angle of
60° to 120°, or more preferably in an angle of 90° to the re-
inforcing direction of a second stiffening sheet. Thereby,
the stiffness and the strength of the finished laminate can
be improved in more than one direction because of the differ-
ent reinforcing directions of the reinforcing strips in the

at least two stiffening sheets of the laminate stack.

In a further embeodiment of the method of the invention, the

method comprises the steps of:

a) building up a fibre material laver of the laminate by
stacking cne ¢r more sheets of fibre material in a mould,

b) arranging a previously manufactured stiffening sheet of
the invention on top of the fibre material laver, and

c) optionally repeating steps a) and/or b) to obtain a de-

sired combined thickness of the laminate.

Other objects and features of the present invention will be-
come apparent from the following detailled descriptions con-—
sidered in conjunction with the accompanying drawings. It is
to be understood, however, that the drawings are designed

solely for the purposes of illustration and not as a defini-

tion of the limits of the invention.

Brief Explanation of the Drawings

Fig. 1 schematically shows a section through a laminated wind

turbine blade;

Fig. 2 schematically shows a detail of Figure 1;

Fig. 3 schematically shows a first stage in the process of

producing a wind turbine blade according to Figure 1;
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Fig. 4 shows a second stage in the process of producing a

wind turbine blade according to Figure 1;

Fig. 5 shows a third stage in the process of producing a wind

turbine blade according to Figure 1;

Fig. & schematically shows a part of an embodiment of a
stiffening sheet of the invention in a perspective view hav-
ing substantially parallel reinforcing strips on the surface

of the stiffening sheet base layer;

Fig. 7 schematically shows a part of a further embodiment of
a stiffening sheet of the invention in a perspective view
having curved reinforcing strips on the surface of the stiff-

ening sheet base lavyer.

In the drawings, like reference numbers refer to like objects
throughout. Objects in the diagrams are not necessarily drawn

to scale.

An embodiment of the present invention will now be described
with reference to Figures 1 to 6. Figure 1 is a schematic
view of the cross—-section of a laminated wind turbine blade 1
made using the method according to the invention. The wind
fturbine blade 1 is made of an upper half 3 and a lower half 5
each comprising a thickened section 9 and non-thickened sec-
tions 11. The upper and lower halves 3, 5 comprise a number
0of fibre reinforced layers which are not individually shown
in the figure. In the thickened section 9 the number of fibre
reinforced lavers is increased with respect to the non-

thickened sections 11.

The thickened section 9 of the upper half 3 is shown in more
detail in Figure 2. In the thickened section 9, stiffening
sheets 13 according to the invention are used to prevent

wrinkles, folds or knits in the underlving lavers of fibre
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material 15 (in the following also called fibre material lay-
ers) . The stiffening sheets 13 are stiffer in a reinforcing
direction than in a perpendicular direction and are stiffer
than the fibre material lavers 15 or, if present, additional
lavers (not shown in the Figure) constituting the laminate
due to its specific construction with longitudinal arranged
reinforcing strips. The stiffening sheets are arranged be-
tween the fibre material layers 15 which build up the fibre

reinforced lavers in the finished product after hardening.

Additional lavers may also be present in the stack of lavers
13, 15. Buch additional lavyvers may, for example, be finishing
lavers for providing a smoother surface or lavers improving

the demoulding properties.

For various aspects of the invention, the stiffening sheets
132 may alternatively be integrated in the klade halves 3, 5
at the said non-thickened sections 11 or in a combination of

the thickened sections 9 and the non-thickened sections 11.

The fibre material lavers 15 as well as the stiffening sheets
13 can bhe embedded in a resin matrix which can be formed by
resin infusion and subsequent hardening or curing of the
resin. During the infusion and curing process, the stiffening
sheets 13 prevent the formation of wrinkles, folds, and knits
in the fibre material lavers 15 since the greater stiffness
of the stiffening sheets 13 does not allow the fibre material
lavers 15 to wrinkle or fold or knitting substantially. The
reason is that the fibre material lavers are sandwiched be-
tween the mould and a stiffening sheet 13 or between two

stiffening sheets 13.

The method of forming the wind turbine blade 1 shown in Fig-
ures 1 and 2 will now be described with respect to Figures 3
to 5.
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In general, the upper and lower halves 3, 5 of the wind tur-
bine blade 1 can be produced by placing dry fibre mats 19 cn
top of each other in a mould 17 to form a fibre material
laver 15, wetting the fibre mats 19 by means of a resin infu-
gsion and subsequently curing the resin. Thereby a fibre rein-
forced laminate structure can be produced in an easy way and
with low costs because the infusion with the resin can be
made in one step and does not need to ke made before lving
each fibre mat into the mould or into the stack of fibre
mats. Although described with respect to producing a wind
turbine blade 1, the method which is described with respect
to Figures 3 to 5 is not limited to wind turbine blade pro-
duction, but can also be used for producing other fibre rein-
forced laminated structures, e.g. in boat construction or

automobile bullding or the building industzv.

A first stage of the method for manufacturing the wind tur-
bine blade 1 i1s shown in Figure 3. Figure 3 schematically
shows a cut-out sectional view of the mould 17 and a number
of fibre mats 19 forming the fibre material laver 15, e.qg.
glass fibre mats, carbon fibre mats or aramid fibre mats,
which are placed in the mould 17 on top of =each other to form
a stack of the fibre mats 19. The fibre mats can be in a dry
state and do not need to be resin impregnated when being
nlaced into the mould 17. This significantly facilitates the
stacking of the fibre material lavers and lowers the costs
for producing reliable fibre reinforced laminated products.
For sake of simplicity, the fibre mats 19 and the fibre mate-
rial layers 15 are shown as flat lavers. Alternatively, they
can cover younded or curved lavers as it is shown, for exam-
ple, in Figure 1. The shape mainly depends on the form and

shape as well as the function of the finished product.

After a thus formed fibre material laver 15 comprised of fi-
bre mats 19 has been placed into the mould 17 a stiffening
sheet 13 is placed on top of the stack of fibre mats 19 (see
Figure 4).
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After the stiffening sheet 13 has been placed on top ¢f the
first fibre material layer 15, another fibre material laver
15, here comprising a number of fibre mats 192, 1s placed on

top ¢f the stiffening sheet 13, as shown in Figure 5.

Alternate laver stacks of fibre material layers 15 and stiff-
ening sheets 13 can be continued until the desired overall
thickness 1s reached. The number of fibre mats 19 stacked in
a fibre material layer 15 is essentially unlimited and has no
effect on the wrinkle-preventing effect of the stiffening
sheet 13,

Although not shown in Figures 3 to 5, one or more additiocnal
stiffening sheets 13 may be present under the lowermost stack
of fibre mats 19 constituting the lowermost fibre material
layver 15. In this case, a stiffening sheet 13 would be the
first layer placed in the mould 17, wherein the reinforcing
strips preferably face into the stacked lavers. In this case,
the outer surface of the laminate product is then compoesed of
the stiffening sheet base laver in order to have a substan-—
tially even ocuter surface. The outermost layer of the overall
stack consisting of stacks of fibre material layers 15 alter-—
nating with stiffening sheets 13 may also be at least one
stiffening sheet 13. Here also, the reinforcing strips pref-
erably face into the stacked layers in order to form an es-
sentially even outer surface composed of the stiffening sheet

base laver.

After the lavering of the fibre material layers 15 and the
stiffening sheets 13 in a non-impregnated or dry state (as
shown in Figure 3), the mould 17 is closed and a vacuum is
applied to the mould 17 {(nct shown in the Figures). Then, a
thermoplastic or thermeosetting material such as, e.g. a poly-
egter resin, an epoxy resin, or an aramid resin, 1s infused
into the evacuated mould 17. The resin permeates through the

fibre material lavers 15 and the stiffening sheets 13,
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thereby wetting or impregnating the fibre mats of the fibre
material. After a while all fibre material lavyers 15 and also
all stiffening sheets 13 are sufficiently wetted. In the next
step, the resin is hardened or cured with or without external
heating. Alternatively, polymerisation initiators can be sued
te start or speed up the hardening or curing process. After
curing the resin, the mould 17 is dismantled.

During the curing process the stiffening sheets 13 prevent
the fibre material layers 15 from forming wrinkles, i.e. from
folding up in a direction substantially perpendicular to the
extension of the fibres in the fibre mats 19. The reason 1is
that the stiffening sheet 13 has a hicgher stiffness than the
fibre material layer 13 so that they do not fold themselves.
Since the stiffening sheet 13 is provided with reinforcing
strips 25 substantially extending in one direction, the
stiffening sheet 13 has a greater stiffness in the reinforc-
ing direction than in the direction perpendicular thereto.
Therefore, the reinforcing strips 25 of the stiffening sheet
13 are preferably placed substantially perpendicular to the

fibre extension in the underlyving fibre material laver 15.

As the laminate compricses stiffening sheets 13 arranged
within the stack of the fibre material layers 15, there is no
or only minimal space avalilable for the formation of wrinkles
between the mould 17 and the first stiffening sheet 13 or be-
tween two stiffening sheets 13. Moreover, even if small wrin-
kleg would occur in a fibre reinforced layer 15 sancdwiched
between the mould 17 and a stiffening sheet 13 or between two
stiffening sheets 13 such wrinkles would be confined to this
particular stack of fibre mats in a fibre material laver 15
by the stiffening sheet 13. Especially, the propagation of
wrinkles or folds through the total laminate would be pre-
vented by the one or more stiffening sheets 13 and the de-
fects in the finished product can be minimized. Hence, the

guality of the product can be improved by the use of the
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stiffening sheets of the invention in a fibre reinforced

laminate or in the method of the present invention.

Figure ¢ schematically shows, in a perspective view, a part
of a stiffening sheet 13 according to the present invention.
The stiffening sheet 13 generally is comprised of a substan-—
tially flat base lavyer 23, preferably in sheet form, which is
made of fibre material. The stiffening sheet 13 can, similar
to the fibre material layers 15, be consisted of one or meore
lavers of fibre material placed on top of each other (not
shown in the Figure). On the top of the fibre material base
laver 23, one or more reinforcing strips 25, here in the form
of so called slender rods, are provided. The reinforcing
strips 25 of each of the stiffening sheets extend in a sub-
stantially parallel direction 21 and are spaced apart in a
perpendicular direction 22. This causes a greater stiffness
of the whole stiffening sheet 13, especially in the direction
of the reinforcing strips 25, which is the reinforcing direc-
tion 21, than in the perpendicular direction 22 in Figure 6.
Therefore, the stiffening sheet 13 is favourably stiff in the
reinforcing direction 21 and flexible in the direction Z2Z.
This means that the material is easy to drape into a mould
due to the flexibility while sufficiently preventing wrinkles
in the fibre material laver{s) 15 adijacent to the stiffening

sheet .

As it is shown in Fig. 6, the base laver 23 made of fibre ma-
terial i1s at least partly attached to the one or more rein-
forcing strips 25, here in the form of slender rods, at sev-
eral attachment points 26. In this embodiment, the slender
rods are stitched or sewn to the fibre material of the base
layer at the attachment points 26 using a suitable sewing fi-
bre or thread. Dependent on the material of the fibre mate-
rial laver, flexible glass, carbon or aramid fibres cculd be

used as sewing fibres or threads.
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In this way, the base layer 23 is reinforced with the rein-
forcing strips 25 such that the desired stiffness of the
stiffening sheet can suitably ke provided in the reinforcing
direction 21. The reinforcing strips 25 as used in this em-
bodiment are made of pultruded glass fibres because of the
similarity of the materials used. In this case, the fibre ma-
terial of the bhase layver 23, the reinforcing strips 25 and
the sewing material 26 are made of glass fibre materials in
different forms. This is preferred because after the resin
has cured, the similarity of the materials used effectively

prevents delamination effects in the cured product.

In the embodiment shown in Figure 7, the stiffening sheet is
provided with curved reinforcing strips 25 on the surface of
the stiffening sheet base layer 23. In this case, the stiff-
ening sheet can have different reinforcing abilities in one
part ¢f The sheet than in the other parts of the sheet. As 1t
ig shown in Figure 7, the reinforcing strips 25 are spaced
wider apart in the middle of the stiffening sheet than at
parts shown at the left and right side. That means that the
stiffening effect is improved in the middle of this stiffen~
ing sheet, while it is more flexible at its outer side. Such
a pattern of reinforcing strips 25 on a base layer of a
stiffening sheet may be suitably used in laminates having a

curved or bent shape like a blade of a wind turbine.

Although the present invention has been disclosed in the form
of preferred embodiments and variations thereof, it will be
understood that numerous additional modifications and varia-
tions c¢ould bhe made thereto without departing from the scope
of the invention. For example, instead of sewing the rein-
forcing strips to the fibre material laver a cold or hotmelt
achesive, a resin, or a clamp could be used to attach the
strips to the hase layer at distinctive attachment points. In
addition, 1f the stiffness of the reinforcing strips made of
glass fibres shall be suitably adjusted to the application of

the laminate, suiltable materials such as wood, metal, carbon
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or aramide fibres, cured resins or a composite of these mate-
rials could be used in alternative embodiments of the inven—

tion.

For the sake of clarity, 1t is to be understood that the use
of "a" or "an" throuchout this application does not exclude a
plurality, and "comprising” does not exclude other steps or

elements. A "means" or "laver" can comprise a number of means

or layers, unless otherwise stated.
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Claims

1. A stiffening sheet for use in a fibre reinforced laminate,
wherein the stiffening sheet comprises reinforcing strips
{25) being connected to a surface of a stiffening sheet base

laver (23) made ¢f fibre material.

2. The stiffening sheet according to claim 1, wherein at
least one of the reinforcing strips (25) is bonded to the
stiffening sheet base laver (23).

3. The stiffening sheet according to claim 1 or 2, wherein at
least cone of tThe reinforcing strips (25) 1s connected to the

stiffening sheet base layer (23) in a strip-like pattern.

4. The stiffening sheet according to any one of claims 1 to
3, wherein at least one of the reinforcing strips {(2Z5) is
connected to the stiffening sheet base laver (23) at single

attachment points (26).

5. The stiffening sheet according to claim 4, wherein at
least one of the attachment points is an achesive attachment

point, a resin attachment point, or a clamp attachment point.

6. The stiffening sheet according to any one of claims 1 to
5, wherein at least one of the reinforcing strips {(25) is

stitched and/or sewn to the stiffening sheet base laver (23).

7. The stiffening sheet according to any one of the claims 1
to 6, wherein at least one of the reinforcing strips (25) is
connected such that the reinforcing strip (25) is movable in

its longitudinal direction.

8. The stiffening sheet according to any one of claims 1 to
7, wherein at least one of the reinforcing strips (25) is
guided through a guiding element provided on the stiffening
sheet base laver (23).
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%, The stiffening sheet according to any one of claims 1 to
8, wherein the reinforcing strips (25} are thin rods and are,

preferably, composed of an essentially rigid material.

10. The stiffening sheet according to any one of claims 1 to
%, wherein the material of the reinforcing strips (Z5) com—

prises wood and/or a metal and/or glass fibres and/or a resin.

11. A fibre reinfeorced laminate composed of a laver stack of
alternate layers of fibre material (15} and stiffening sheets

(12) according to any one of claims 1 to 10.

12. A wind turbine blade ceomprising a stiffening sheet ac~
cording to any one of claims 1 to 10 and, preferably, a fibre

reinforced laminate according to claim 11.

13. A method of manufacturing & fibre reinforced laminate by
arranging a stiffening sheet (13) onto a fibre material layer
(15), wherein the stiffening sheet (13) comprises reinforcing
strips (25) being connected to a surface of a stiffening

sheet base lavyer (23} made of fibre material.

14. The method according to claim 13, comprising the use of
at least two stiffening sheets (13} in the laminate, wherein
the reinforcing direction (21} of a first stiffening sheet
(13) is arranged in a substantial transversal direction,
preferably in an angle of 60° to 120°, or more preferably in
an angle of %0° to the reinforcing direction (21) of a second
stiffening sheet (13).

15. The method according to claim 13 or 14, comprising the

steps of:

a) building up a fibre material laver (15} of the laminate by
stacking one or more sheets of fibre material (1%) in a
mould,

b} arranging a previcusly manufactured stiffening sheet (13)
on top of the fibre material layer (15), and

c} optionally repeating steps a) and/or b) to obtain a de-

sired combilned thickness of the laminate.
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Abstract

Stiffening sheet for use in a fibre reinforced laminate, fi-
bre reinforced laminate and wind turbine blade, and a method

of manufacturing a fibre reinforced laminate

The invention describes a stiffening sheet for use in a fibre
reinforced laminate, wherein the stiffening sheet comprises
reinforcing strips {25} being connected to a surface of a
stiffening sheet base laver (23} made of fibre material. The
invention further describes a fibre reinforced laminate and a
wind turbine blade comprising such a stiffening sheet, and a

method of manufacturing a fibre reinforced laminate.

Figure ©

FIG 1

FIG 2
Cl;:i:::::::::::::—i



FIG 3
& wbs
N S
W .
FIG 4 2
BTS
N N
17
FIGS
I = 19315
N N N N F I g/ 13
&K 2
& \?\}7—1 9515
% 17

_

(38)

FIG 6

JP 2012-148565 A 2012.8.9



	biblio-graphic-data
	abstract
	claims
	description
	drawings
	overflow
	foreign-language-body

