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A METHOD OF CUTTING OFF LAMINATE LAYERS, GLASS-FIBRE OR
CARBON-FIBRE LAMINATE LAYERS IN THE BLADE OF A WIND
| TURBINE

The invention relates to a method of cutting off laminate layers for use In a
fibre-reinforced laminate object comprising a number of combined laminate
layers. Moreover the invention relates to a laminate fayer for use in a fibre-
reinforced laminate object comprising a number of combined laminate layers.
Finally the invention also relates to a fibre-reinforced laminate object in the
form of the blade of a wind turbine, wherein sald blade of a wind turbine

comprises a number of combined larninate layers.

Laminates are used for a wide variety of different objects, wherein a
laminate object Is composed of a number of combined laminate layers.

One example of an object composed of laminate layers is a glass-fibre
object, wherein, typically, @ number of laminate layers in the form of glass-
fibre webs are arranged atop each other, and wherein the number of
laminate layers depends on the properties desired for the laminate object, In
connection with glass fibre objects resin is used for keeping the layers
together. The resin may be applied manually onto the laminate layers by

RTM (resin transfer mouiding), VARTM (vacuum assisted resin transfer
moulding) or any other suitable method. Alternatively the resin may be
applied onto the laminate layers prior to laying of the layers (Prepreg). In
case it is desired to have an object that varies in thickness and changes from
thick to more thin, the number of laminate layers tapers off gradually across
a certain length. The tapering off takes place to avoid that notches show
Clearly and to reduce leaps in stiffness through the laminate, which effects

would otherwise reduce the strength of the laminate.

It is a problem of such tapering off, however, that a tapered-off layer may

loosen from the subjacent layer in the form of a delamination. Moreaver, air
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pockets may form between the tapering-off and a superjacent laminate layer which
may In turn result in wrinkling of the laminate. Both the issue of delamination and
that of air pockets contribute to a weakening of the strength of the laminate object.
Moreover, when using eg the VARTM-method, areas rich in resin may form due to
the fact that, along the rim of the laminate layer, a channel is formed which may,
during injection of resin, be caused to act as an undesired resin distribution channel.
Those areas rich in resin are undesirable since the exothermal heat during the
curing may adversely influence the curing process and the laminate. In a worst-case
scenario hardening strain cracks may occur in such resin-rich areas during

hardening of the resin.

EP 1 050 396 teaches a method of designing laminate objects and the disclosure
shows a laminate object that varies in thickness, wherein the variation in thickness
Is accomplished by the number of layers in the laminate object being tapered off.
However, it does not teach any solution to the problem of delamination and the

formation of air pockets and resin-rich areas.

Other systems provide for a tubular object composed of fibre-reinforced laminate
layers. In order to reduce the risk of delamination, the tube is chamfered along an
edge at the one end. Here the object is chamfered following construction of the
object with laminate layers, which may involve delamination between the layers in
the chamfered region. It does not teach a solution to the problem of delamination in
connection with the variation in thickness and the formation of air pockets and areas

rich In resin.

Thus, it is an object of the invention to provide a solution to the above-mentioned

problem.
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This is accomplished by a method of cutling-off laminate layers for
use in a fibre-reinforced laminate object comprising a number of
combined laminate layers, wherein — at least along a section of
the at least one rim of the laminate layer — a tapering cut js
performed through the thickness of the laminate layer, thereby
gradually reducing the thickness of the laminate layer. A fibre-
reinforced laminate object is generally constructed by wrapping or
laying layers of webs of material atop each other, In case process
methods are concerned wherein dry laminate layers are laid up,
the invention relates to a method where cutting is performed in
laminate layers that are not yet impregnated. However, the
invention may also be used for preimpregnated webs known by the
name of Prepreg. It is a common feature of all varleties (whether dry
or prepreg) that the tapering cut takes place on not-hardened fibre
materials. Since not only the number of laminate layers, but also
the thickness of the individual laminate layers are reduced
gradually, a laminate object is accomplished by which both the
issues of areas rich in resin, air pockets and the risk of
delamination are reduced dramatically and the strength of the
finished object is increased.

According to one embodiment the laminate layer is cut taperingly
through the thickness, whereby the cut will be caused to form an
acute angle to a subjacent laminate layer In a laminate object;
and in one embodiment the laminate layer is cut off taperingly in a
concave curve. According to yet an embodiment the Jaminate layer
is cut off in @ convex curve. The shape of the curve of the cut may
be determined i5 on the basis of stiffness conditions within the
laminate layer and strains on the laminate layer. Tests have shown
that a tapering cut with an acute angle and/or a cut being cut in a
concave or convex curve constitute(s) an advantageous shape of
curve, whereby the risk of delamination, areas rich in resin and air
packets is used considerably. The cutting procedure may take place
gither transversally and/or longitudinally of the laminate layers.
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Other embodiments provide a method of cutting-off laminate layers for use Iin a
fibre-reinforced laminate object comprising a number of combined laminate layers,
wherein — at least along a section of the at least one rim of the laminate layer — a
tapering cut is performed through the thickness of the laminate layer, thereby
gradually reducing the thickness of the laminate layer. A fibre-reinforced laminate
object is generally constructed by wrapping or laying layers of webs of material atop
each other. In case process methods are concerned wherein dry laminate layers
are laid up, the invention relates to a method where cutting I1s performed in laminate
layers that are not yet impregnated. However, the invention may also be used for
preimpregnated webs known by the name of Prepreg. It is a common feature of all
varieties (whether dry or prepreg) that the tapering cut takes place on not-hardened
fibre materials. Since not only the number of laminate layers, but also the thickness
of the individual laminate layers are reduced gradually, a laminate object Is
accomplished by which both the issues of areas rich in resin, air pockets and the
risk of delamination are reduced dramatically and the strength of the finished object

IS Increased.

According to one embodiment the laminate layer is cut taperingly through the
thickness, whereby the cut will be caused to form an acute angle to a subjacent
laminate layer in a laminate object; and in one embodiment the laminate layer is cut
off taperingly in a concave curve. According to yet an embodiment the laminate
layer Is cut off in a convex curve. The shape of the curve of the cut may be
determined on the basis of stiffness conditions within the laminate layer and strains
on the laminate layer. Tests have shown that a tapering cut with an acute angle
and/or a cut being cut in a concave or convex curve constitute(s) an advantageous
shape of curve, whereby the risk of delamination, areas rich in resin and air pockets
IS used considerably. The cutting procedure may take place either transversally

and/or longitudinally of the laminate layers.
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According to one embodiment the laminate layer is a fibre layer, eg glass
fibre, carbon fibre or other types of fibre for plastics composites. The fibre
layer or the web may consist of eg short, cut fibres (chopped), of fibres laid
primarily on one direction (unidirectional), or of fibres laid biaxially in two
directions at some angle or other in relation to each other; however, in that
embodiment the fibre layer may also be woven, non-woven or stitched
material. It applies in particular to such laminate layers that the problem of
delamination is great and therefore a particularly effective solution to the

problem is accomplished by a tapering cut according to the invention.

In a laboratory array for exercising the invention, the laminate layers are cut
off by use of a tailor-made apparatus that cuts with a finger-cutting technique
which is known ia fra a cattle trimmer or an ordinary hair trimmer. As it is, it
has been found during work with the present invention that an entirely
ordinary handheld hair trimmer may cut off the layers in a particularly
convenient manner and enables a very accurate control of the cutting curve.
However, obviously an industrial apparatus for cutting off laminate layers in
accordance with the invention is required. Such apparatus may be
constructed from elements from eg the carpeting industry, wherein a suitable

cutting method/device is used for cutting patterns in loop and/or cut carpets.

Moreover the invention relates to a laminate layer for use in a fibre-reinforced
laminate object comprising a number of combined laminate layers, wherein
the laminate layer along at least its one rim is cut off taperingly down through

the thickness, thereby reducing the thickness of the laminate layer.

Moreover the invention relates to a fibre-reinforced laminate object in the
form of the blade of a wind turbine, wherein the blade of the wind turbine
comprises a number of combined laminate layers, wherein the laminate layer
is, along a section of at least its one rim, cut off taperingly down through the

thickness, whereby the thickness of the laminate layer is reduced.
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Certain exemplary embodiments can provide a method of cutting of
laminate layers for use in a fibre-reinforced laminate object comprising a
number of combined laminate layers, wherein, along a section of at least
one rim of the laminate layer, a tapering cut is performed through the
thickness of the laminate layer whereby the thickness of the laminate layer
is reduced, said tapering cut taking place on not-hardened laminate layers.

Certaln exemplary embodiments can provide a laminate layer for use in a
fibre-reinforced [aminate object comprising a number of combined
laminate Jayers, wherein the laminate layer is, along a section of at |east
one rim, cut off taperingly through the thickness of the laminate layer,
whereby the thickness of the laminate layer is reduced.

Certain exemplary embodiments can provide a fibre-reinforced laminate
object in the form of the blade of a wind turbine, wherein the blade of the
wind turblne comprises a number of combined laminate layers, wherein, at
least along a section of at least one rim, the laminate layer is cut off
taperingly through the thickness of the laminate layer, whereby the
thickness of the laminate layer is reduced.

Certain exemplary embodiments can provide a fiber-reinforced laminate
object, comprising: plural combined laminate |ayers, including an upper
layer, a lower layer and at least one intarmediate layer therebetween,
wherein: said at least one intermediate layer includes a rim which
gradually tapers in a thickness direction, whereby said laminate object
gradually tapers in said thickness direction and sald lower layer becomes
subjacent to sald upper layer without any air pockets therebetween.

In accordance with an aspect of the present invention there is provided a
method of forming a fibre-reinforced laminate object, comprising the steps
of: forming a number of non-impregnated laminate layers including an
upper layer, a lower layer, and at least one intermediate layer between the
upper and the lower layer; performing a tapering cut on at least a portion
of at |least one of the upper layer, the lower layer and the at least one
intermediate layer to form a tapered layer whereby a thickness of the
tapered layer is reduced; and applying a resin to the tapered layer,
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In accordance with a further aspect of the present invention there is
provided a method of cutting dry laminate layers for use in a fibre-
reinforced laminate object comprising a number of combined dry laminate
layers, wherein, along a section of at least one rim of the dry laminate
layer, a tapering cut is performed through the thickness of the dry
laminate layer whereby the thickness of the dry laminate layer is reduced,
sald tapering cut taking place on not-hardened laminate layers.

In accordance with a further aspect of the present invention there is
provided a fibre-reinforced laminate wind turbine blade, wherein the blade
of the wind turbine comprises a number of combined laminate layers,
wherein, at least along a section of at least one rim of a laminate layer,
the laminate layer is cut off taperingly through the thickness of the
laminate layer, whereby the thickness of the laminate layer is reduced.,

In accordance with a further aspect of the present invention there is
provided a fiber-reinforced laminate object, comprising: plural combined
laminate layers, induding an upper layer, a lower layer and at least one
intermediate layer therebetween, wherein: said at least one intermediate
layer includes a rim which gradually tapers in a thickness direction,
whereby said laminate object gradually tapers in said thickness direction
and said lower layer becomes subjacent ta said upper layer without any air
pockets therebetweep,



WO 2006/015598

10

15

20

25

30

CA 02574520 2007-01-19
PCT/DK2005/000522

In the following the invention will be described in closer detail by means of

figures that show exemplary embodiments of the invention:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7+

Figure 8

Figures
9A-9C

is a cross-sectional view of a laminate object structured from
laminate layers in accordance with the prior art;

is a cross-sectional view of a laminate object structured from
laminate layers in accordance with the prior art, wherein
delamination has occurred as a consequence of the tapering-off;

is a cross-sectional view of a laminate layer according to the
invention;

is a cross-sectional view of laminate layers according to the
invention with different tapering and stepped cuts;

is a cross-sectional view of a part of a laminate object structured
from laminate layers in accordance with the invention;

is a cross-sectional view of a portion of a laminate object
structured from laminate layers in accordance with the invention,
on which a top coat has been applied;

is a cross-sectional view of a section of a laminate object
structured from laminate layers in accordance with the invention,
featuring an example of an internal tapering-off;

is a cross-sectional view of a section of a laminate object
structured from laminate layers in accordance with the invention,

wherein the laminate layers are cut off taperingly as a convex

curve;

are cross-sectional views of sections of laminate objects, wherein
the taperingly cut laminate layer may advantageously be used in
connection with joining to another object, eg in the context of

repair;
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Figure 10 is a cross-sectional view of a laminate object, wherein the taperingly cut
laminate layer is used in connection with joints between laminate layers;

Figure 11 shows a laminate object in the form of the blade of a wind turbine on
which a tapered principal laminate Is drawn.

Figures 12 and 13 show alternative cutting methods.

Figure 1 is a cross-sectional view of a portion of a known laminate object 101
comprising a number of combined laminate layers 103, wherein the laminate object
Is made thinner by a change in the number of laminate layers 103. In Figure 1 the
laminate object 101 initially comprises six laminate layers 103, and the number of
laminate layers 103 is tapered off gradually to three laminate layers 103, whereby
the thickness of the laminate object 101 s halved. The tapering-oft takes place
gradually to avoid that notches are caused to show clearly, which would result in a
weakening of the strength of the laminate object, but it may also occur to minimise
the weight of the laminate in areas where the load on the laminate object i1s not as
high. Figure 1 also Iillustrates an upper layer 105 and the resin-rich areas and air
pockets 107 that are formed between the upper layer 105 and the subjacent layers
due to the tapering-off which may in turn result in wrinkling of the laminate surface.
In order to avoid these air pockets a surplus of resin is required, in case of glass
fibore laminate I1s concerned, which I1s eg vacuum injected underneath the upper
layer 105 In order to keep the laminate layers 103 together. A further problem
assoclated with the known laminate object is that a tapered-off layer may disengage
from the subjacent layer in the form of a delamination. Both the delamination
problem, the resin-rich areas and the air pockets contribute {o a weakening of the

strength of the laminate object, and moreover contribute to making the manufacture

of laminate objects by eg vacuum processes, such as VARTM and the like, more
difficult.
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Figure 2 is a cross-sectional view of a finished laminate (201) according to
the prior art, wherein a delamination (203) in connection with the stepped

tapering-off (205) is illustrated.

Figure 3 illustrates a cross-section along a portion of a laminate layer. Here,
in accordance with the invention and at the one end 303 along a section of
the rim of the laminate layer 301, a tapering cut is performed down through
the thickness of the laminate layer 302. Hereby the thickness 302 of the
laminate layer is gradually reduced. By accomplishing such tapering cutting-
off of the laminate layer, whereby not only the number of laminate layers, but

also the thickness of the individual laminate layers are reduced, laminate

“layers result that can be used in a laminate object in which both the problems

of areas rich in resin, that of air pockets and of delamination are reduced

considerably.

A tapering cut is not to be construed to comprise merely a linear cutting-off
illustrated in Figure 3; rather it comprises any cut where the thickness of the
laminate layer is cut off such that the thickness is reduced gradually or
stepped. Examples of alternative cuts are illustrated in figures 4A-4M
showing how, in all cuts, the thickness of the laminate layer is cut off with
different shapes of curves. One shape of curve for the cut off can be

determined eg on the basis of stiffness conditions in the laminate layer and

strains on the laminate layer.

Figure 5 is a cross sectional view of a portion of a laminate object 501
according to the invention comprising a number of combined laminate layers
503 in accordance with the invention, wherein the laminate object Is made
thinner by a change in the number of laminate layers 503. Initially, the
laminate object 501 has six laminate layers 503, and the number of laminate
layers 503 is tapered off gradually to three laminate layers 503, whereby the

thickness of the laminate object 501 is halved. In addition to a reduction in
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the number of layers, the thickness of the individual laminate layer 503 is
also reduced by a tapering cut of the laminate layer being accomplished as
shown in Figure 3 rather than the abrupt cutting-off of the laminated layer
shown in Figure 1. In the example shown in Figure 5, the laminate layers

were cut taperingly so as to form an acute angle 505 to a subjacent layer.

Figure 6 is a cross-sectional view of a portion of a laminate object
corresponding to the laminate object shown in Figure 5, on top of which an
upper layer 601 is applied. Owing to the tapering nature of the cutting of the
laminate layers, the occurrence of air pockets and areas 603 rich in resin that
are formed between the upper layer 601 and the subjacent layers is

minimised.

Figure 7 is a cross-sectional view of a section of a laminate object 701 with
internal cut laminate layers 703 that are, as will appear, cuts situated
between through-going laminate layers 705. It will appear from the Figure
that by this variety of the invention, too, areas rich in resin and air pockets

are avoided.

Figure 8 is a cross-sectional view of a section of a laminate object 301
according to the invention comprising a number of combined laminaie layers
803 in accordance with the invention. In addition to reducing the number of
laminate layers 803 the thickness 805 of the individual laminate layer Is

reduced, too, by the laminate layers being cut in a convex curve.,

Figures 9A-9C show cross-sectional views of portions of laminate objects,
wherein the taperingly cut laminate layer may advantageously be used in
connection with the joining to another object, eg In connection with repair
procedures. Prior art is illustrated in Figure 9A; therein it is desired to
combine a first section 901 with the laminate 903 comprising a number of

laminate layers 905. Again, the abrupt cuts of the laminate layers may entail
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delamination and, in case an upper layer is concerned, areas rich in resin as
well as air pockets may also follow. When cutting of the layers is performed

taperingly as shown in Figure 9B or 9C such problems are vitiated.

Figure 10 is a cross-sectional view of a portion of a laminate object 1001,
wherein the taperingly cut laminate layer can advantageously be used in
connection with material fransitions. Such transitions may be provided with a
view to a change of material or merely to continue a laminate layer 1003 with
another laminate layer 1005. By cutting off the laminate layers 1003 and
1005 in a tapering manner prior to assembly thereof, a larger. gluing face
between the layers is accomplished, and moreover also the risk of the
laminate layers delaminating in the joints is reduced, which risk would have
been higher had the laminate layers been cut off abruptly and not cut off

taperingly or stepped.

Figure 11 shows a laminate object in the form of a glass-fibre blade 1101 ofa

wind turbine. The blade 1101 of the wind turbine is constructed from glass

fibre laminate layers according to the invention, whereby a blade of increased

- strength is accomplished, where air pockets are minimised and the risk of

delamination of the glass fibre laminate object is minimised. Figure 11 shows
a part of the laminate layer of the blade illustrated as longitudinally extending
panels, also called the principal laminate 1102 of the blade, by transversal

lines 1103 that indicate tapering in accordance with the invention.

If a laminate layer in the form of glass fibre or carbon fibre is concerned, the
cutting off process as such may be performed by meahs of an apparatus that
cuts using a finger cutting technigue which is known eg from a hair trimmer.
Such apparatus may be structured from elements from eg the carpeting
industry, wherein a suitable cutting method/device is used for cutting patterns
in loop and/or cut carpets. Alternative cutting methods may, as illustrated in

figures 12 and 13, consist eg in that, in connection with the cutting of the
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layers 1201 by cutting unit 1203, one mills or cuts the layers through, whereby a
tapering cut is achieved by use of that process. In the figures the layers 1201 are
cut off by means of a rotating cutting unit 1203 which has a tapering profile thereby
cutting off the laminate layer 1201 such that it tapers off. The profile of the cutting
unit 1203, as shown in the figures, may taper off to one or both sides, thereby
accomplishing a tapering cut of two laminate layers in one cutting process. In one

embodiment the layer is cut off gradually across three centimetres.
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Claims;

1. A method of forming a fibre-reinforced laminate object,
comprising the steps of.

forming a number of non-impregnated laminate layers including
an upper layer, a lower layer, and at least one intermediate layer
between the upper and the lower layer;

performing a tapering cut on at least a portion of at (east one of
the upper layer, the lower layer and the at least one intermediate layer
to form a tapered layer whereby a thickness of the tapered layer is
reduced; and

applying a resin to the tapered layer.

2. The method according to claim 1, wherein the taper cut forms
an acute angle between the tapered layer and an adjacent layer .

3. The method according to claim 1, wherein the tapered layer is
cut off in a concave curve.

4. The method according to ¢laim 1, wherein the tapered layer is
cut off in a convex curve.

b. The method according to any one of claims 1 to 4, wherein the
laminate layers are selected from glass fibre or carbon fibre.

6. The method according to any one of claims 1 to 5, wherein the
tapered layer is cut using a finger cutter.

7. The method according to any one of claims 1 to 6, wherein the
tapered layer is the intermediate layer.

8. The method according to claim 1, wherein the tapered layer is
the upper layer. |
9. The method according to claim 1, wherein the tapered layer is

the lower layer,
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10. A method of cutting dry laminate layers for use in a fibre-
reinforced laminate object comprising a number of combined dry
laminate layers, wherein, along a section of at least one rim of the dry
laminate layer, a tapering cut is performed through the thickness of the
dry laminate layer whereby the thickness of the dry laminate layer is
reduced, said tapering cut taking place on not-hardened laminate layers.

11. A method according to claim 10, wherein the dry laminate layer
is cut off taperingly, whereby the cut will be caused to form an acute
angle to a subjacent laminate layer In a fibre-reinforced laminate object,

12, A method according to claim 10, wherein the dry laminate layer
is cut off in a concave curve.

13. A method according to claim 10, wherein the dry laminate layer

is cut off in a conveyx curve.

14, A method according to claim 12 or 13, wherein the dry laminate
layer is cut off by use of a finger cutter.

15. A fibre-reinforced laminate wind turbine blade, wherein the
blade of the wind turbine comprises a number of combined laminate
layers, wherein, at least along a section of at least one rim of a laminate
layer, the laminate layer is cut off taperingly through the thickness of the
laminate layer, whereby the thickness of the laminate layer is reduced.

16. A fiber-reinforcad laminate object, comprising.
plural combined laminate layers, including an upper layer, a
lower layer and at least one intermediate layer therebetween, wherein:
gdid at least one intermediate layer includes a rim which
gradually tapers in a thickness direction, whereby said laminate object
gradually tapers in said thickness direction and said lower layer becomes
subjacent to said upper layer without any air pockets therebetween.
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17. The laminate object of claim 16, whereln said at least one
intermediate layer comprises plural intermediate layers.

18. The laminate object of claim 16, wherein each rlm taper in sald
at least one intermediate layer forms a concave curve.

19, The laminate object of claim 16, wherein each rim taper in said
at least one intermediate layer forms a convex curve.

20, The laminate object of claim 16, wherein each laminate layer is a
fibre layer,

21. The |laminate object of claim 20, wherein sald fibre layer is glass
fibre or carbon fibre.

22. A wind turbine blade, said blade comprising a fibre-reinforced
laminate object according to any one of claims 16 to 21.
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