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MECHANICAL REINFORCEMENT FOR A PART MADE OF COMPOSITE
MATERIAL, IN PARTICULAR FOR A LARGE WIND-TURBINE BLADE

This invention relates to a mechanical reinforcement

for a part made of composite material, in particular a wind

Wind turbines are known that consist of a mast fixed
to the ground for the land-based fields cr fixed to the sea
loor for cffshore fields, with this mast or pylon
supporting an electric generator whose shaft carries blades
having a profile that is suitable for being driven by the

wind.

1
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‘he wind turbines are a

renewable meansg for producing electrical energy.

N
H

plane, these means for producing electrical energy have an

essentlal drawback that is linked to theilr limited vield.

vy, the dimensions are limited by the mechanical
stresses undergone by the blades and by the mechanical
strength of the blades, with the range of operation linked

to wind speeds thus being deduced from these parameters and
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roted consequently th
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at
the blades are reduced and the acceptable spee

high or the dimensions of the blades are large and the
operating ranges are reduced. In this latter case, toc low
a wind speed does not entrain the blades because of

res stresses that

~

inertia, and too high a wind speed indu

exceed the mechanical strength limits that are acceptable
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~he mechanical strength of the blades.

The proklem is that the increase in the strength by a
simple increase of the wall thicknesses of the blades made
of composite material also increases the weight of the

blade and increases the inertia, which in additicn is not

o)

satisfactory in terms of the cost that 1s increased and
because of the fact that there will be more material to

the service life.

h

recycle at the end of

By the same token, this creates the necessity of

reinforcing the mast or pylon that supports the generator.
In additicn, the desired mechanical reinforcement of

the blade is primarily located at the level of the £

erials has settled on carbon or o
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inherent mechanical strength, but this is not sufficient to

Thus, consideration has been given to resorting to the

installation of spars that are directly integrated into the

i

manufacture of the half-blades.
These spars are produced from integrated monolithic

parts or with pre-impregnated fabrics, attached duri

manufacturing.

Stresses in terms of compression obtained respectivels

i

with carbon fabrics and with pre-impregnated fabrics are
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located within ranges of 600 to 800 MPa and 200 to 1,100
MPa ,
It 1s known that the pultruded shapes make 1t possible
to attain much higher strengths on the order of 1,600 MPa.
In contrast, the pultruded shapes have constant
dimensions upon leaving the manufacturing plant and have a

ect of this inventicn is to resort to such
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reinforcements, in particular
in wind turbine blades.

£

have the advantage of being able to bhe

produced in
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unlarly industrial way with certain

manufacturing qualities and therefore a reprodu

controllied and
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performance.

1o e N = B J 3T mvevred S mer e pr e A S et a  + e Al
described in detail according to two embodiments that make

it possible to generalize the scope of the invention and to

The invention is now described in

to the following drawings in which the

- Figure 1l: A diagrammatic view
2
blade,
- Figure 2: A view of a wind turbine blade with a

reinforcement according to the invention whose

mcounting points on the scoffit and on the extrados
are shown in a diagram, and in the magnified area a

detail of a transverse cutaway,
- Filgure 3: A perspective view of a reinforcement

according to the inventicon that is ready to be
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klade, and
- Figure 4:

making
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before and a

to reduce
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wind turkine rotor,
comprises three of
This of b

blades 12,

according Lo an ess
The profile of
type such as an air

railing edge 18, a

The blade 10 ¢

have the

t
—
o
8}
¢
ot
3
2
iy
J
ja-
o
]
0.

manufacture, for ex

reinforcement 26 th

them.

lade is by the
which
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with

wing a 1l

soffit 20, and

ocmprises a blade fo

sald rotor, ge

ch half-blade is ma
s of fibers or fabri
jreatly stressed pa
erial thickness.
complex shape and

to honeycomb-type

advantage of being

proposes adding —
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manufacture of a

the dimensi
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wind turbine

machining,

stresses.
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during the
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ori at least one

on each side of the
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blade and therefore within each half-blade, as shown in

Figure 2, essentially along the longitudinal axis,
Such a reinforcement is to have a shape that is
adapted to the stresses undergone by the blade and is

therefore to have a variable thickness.

=
—~+
=2
D
=
3
O
=
D
-
-
't
s
w
=
e}
O
5,
o
ot
-y
]
-
—+
j=p
D
=
D
[62]
ol

technology

-t
(@]
=
=
=
g_)
~
=
&
th
o))
G
lms
~
e
=
.
o]
) _Q

parts made of composite material with

very high performance, generally produced from carbon

=

fibers that can develop resistances to compression beyon

(O}

This technology makes it possible to produce parts

with a constant cross—sectiocn, of a simple profile, in

a round, sguare, or rectangular cross-
The quality of production, reproducibility and
performance are exceptional.

Thus, it is possible to produce continuously a

pultruded shape 28 with a rectangular cross—-section. To

)

provide an example, such a shape has a width that is much
larger than its thickness: 500 mm of width for a thickness
of 1 to 2 mm.

This shape is cut by mechanical cutting to the length

required for making parts 20, in this case sheet-shaped

There are then two options - either the preliminary

manufacturing of the reinforcement 26

invention or the manufacture of the in-situ reinforcement
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the manufacturing site of the blade.
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thus-produced sheet-shaped parts 30 and to make them

egral by bonding in such a way as to cbtain a structure

the gilued laminate type forming the reinforcement 26.

The thickness, still in the example that is provided

imiting way, can generate a thickness of 40 to 50

n particular, the flexural strength of the wind

rbine blade and the distribution profile of this strength

thus controlled.
n addition, the stresses on the scoffit are different

m those on the extrados, although the correspondi

nforcements are also different,.
The weight of the final blade is decreased because of
integration of this high-modulus reinforcemnent
ording to the invention, thus leading to improved
formance as well as to working ranges of higher
litude.
It is also noted that the reinforcement according to
invention consists of sheets that are deformable as a
t, without a significant stress. This allows a shape of

“h sheet f«

owing the curvilinear profile of the

sdes.  Once shaped and linked to one another by bonding

particular, the reinforcement that is obtained 1is
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therefore shaped and has a high stiffrness, variable along

It is noted that the shape of very slight thickness
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can be delivered on & spool, which greatly facilit:
industrial manufacturing of the blade. Actually, the
pultruded shapes are wound and delivered in long lengths

that have to be cut to produce the assemblies by

superpoesiticon ¢f several tens of sheets.
Figure 4 shows an improvement of tThe embodiment of
such parts by superposition of sheets. The ends are again

located with a superposition of the offset thicknesses
forming stalir steps. So as to combat the concentration of
stresses and to limit the risks of delamination, it is
possible to initiate a curved machining, as shown on the
right of Figure 4, thus eliminating the stairs.

Of course, as a variant, the cross-section of the
shape obtained by pultrusion could be triangular with
triangular rods juxtaposed laterally without exceeding the
scope of the invention.,

These rods would then be introduced directl:

O
=

sandwiched between two skins of pultruded sheets with a

rectangular cross-—-section, for example for forming a

suitable inforcement.
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sheets have rectangular cross-section, but the
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trangverse cross-—section can also be curved to take into

accao the shape of the blade in the zone where said
reinforcement is arranged.
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In addition, as the pultrusion allows, the fibers

arranged 1in a suitable way with, in particular

ectional fibers for incres
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e absorption of

rigidity and fibers oriented for ensuring th
stresses from compound twisting and/or bending.

the fibers used is rather
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carbon, but the
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Mekanisk forsterkning til emne af kompositmateriale,

is®mr til en vindmpllevinge med store dimensioner

Patentkrav

1. Forsterkning {(26) pd basis af fibre og harpiks til

D

=t element (10} af kompositmateriale, is®&r en

~

vindmgllevinge, hvilken forsterkning (26) er opndet
ved at lagge mindst to emner {30), der er opndet ved
10 pultrudering og har forskellige dimensioner, med en

lille tykkelse 1 forhold til ©bredden o©g en stor

emner (30) oven pé& hinanden er indbyrdes forbundet, sa

der opnds en forstarkning sammensat af emnerne.

26 difglge et hvilket som helst af de foregdende krav,

3. Forsterkning til et element af kompositmaterial

25 dfglge et hvilket som helst af de foregdende krav,

kendetegnet ved, at forsterkningen udggr en
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6. Vindmellevinge (10},

(26)
krav,

anbragt

bgjning

sgnet ved,
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N

ifglge

med henblik at begranse belastningerne.

ifglge et hvilket som helst af de foregdende
kendetegnet ved, at forstarkningen (26) er
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