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Description

FIELD OF THE INVENTION

[0001] This invention relates to the structure of the lay-
up of a part of composite material having a wedge be-
tween two zones which is manufactured by curing the
said lay-up in an autoclave, and more particularly the
structure of the lay-up of a part of composite material for
an aircraft structure.

BACKGROUND TO THE INVENTION

[0002] Processes for the manufacture of parts which
basically comprise a first stage of laying-up sheets by
means of ATL "Automatic Tape Lay-Up" and a second
stage of curing in an autoclave are well-known in the
aviation industry.
[0003] During the lay-up stage layers of composite ma-
terial such as a prepreg, which is a storable mixture of
fibre reinforcement and polymer matrix, are placed in a
mould/tool of suitable shape.
[0004] This material may be in various forms and in
particular in the form of a sheet. In the case of thermo-
hardening matrices the resin is generally partly cured or
brought to a controlled viscosity, known as the B-stage,
by another process.
[0005] Sheets of composite material are not located
randomly but are positioned in each zone in a number
and having an orientation of their fibre reinforcement, typ-
ically carbon fibre, which are determined according to
the nature and magnitude of the forces which the part
must withstand in each zone. ATL ("Automatic Tape Lay-
Up") machines are generally used for this.
[0006] Automatic tape lay-up machines are very effi-
cient for manufacturing flat or substantially flat lay-ups
given that the permissible gradients for such machines
are small.
[0007] US 2006/188696 A1, which is considered as
the closest prior art document, refers to a reinforced
rampdown for composite structural member according
to the preamble of claim 1 and a method for the same. It
discloses a composite member, such as a sandwich pan-
el, with a reinforced rampdown or taper. The taper is re-
inforced by adding a laminate support member at the
apex of the core taper. The composite member may be
a sandwich panel that includes first and second laminate
sheets over a core. A laminate support member is dis-
posed between the sheets proximate to the core at the
end of its taper. The taper defines a transition between
a region where the core is disposed between the laminate
sheets and a second region where the laminate sheets
contact to form a coreless laminate. The support member
is disposed where the sheets come together, a region
that is susceptible to cracking. The support member may
be a wedge positioned at the transition of the taper where
the laminate sheets are directly joined to fill the gap. The
support member is used where the sheet(s) change di-

rection to separate and form an angle. The side of the
support member may be curved, i.e., to reduce slightly
the angle defined at the intersection of the first and sec-
ond sheets. The angled portion of the core can also be
curved. In some cases, the core can stop before the taper
so that the entire tapering space is filled with the support
member.
[0008] There are aircraft structures which include
wedges which, although it would be desirable from the
design point of view that they should have gradients
greater than those permissible for ATL machines, are
finally designed with smaller gradients in order to comply
with the manufacturing constraints of these machines.
This  gives rise to various disadvantages which this in-
vention is intended to overcome.

SUMMARY OF THE INVENTION

[0009] One object of this invention is to provide a lay-
up structure of a part made of composite material whose
configuration includes a wedge between two zones and
which can be manufactured using an ATL machine even
though the gradient of the wedge is greater than that
required for the use of this type of machine.
[0010] Another object of this invention is to provide a
lay-up structure for a part made of composite material
whose configuration includes a wedge between two
zones which makes manufacture using an ATL machine
easier without changes in the configuration of the wedge
which involve increases in weight.
[0011] Another object of this invention is to provide a
lay-up structure for a part made of composite material
whose configuration includes a wedge between two
zones which makes it easier to manufacture using an
ATL machine without changes in the configuration of the
wedge providing connection between the part and addi-
tional elements.
[0012] In a first aspect of these and other objects are
accomplished by means of a part manufactured from a
lay-up of layers of composite material which includes a
wedge between a first zone and a second zone, generally
of shorter length than the first zone, whose structure com-
prises from its outside surface to its inside surface:

- a first section formed from at least two continuous
sheets extending parallel to the outer surface of the
part, the outer surface of the wedge including an in-
clined surface with a gradient between 20% and
50%.

- a triangular prism placed on the said first section and
with its largest surface dimensioned in such a way
that it forms a wedge having a gradient of less than
20% ending at the start of the said second zone and
with two smaller surfaces bounding a broken surface
parallel to that of the outer surface of the part,

- a second section formed of a plurality of continuous
sheets extending parallel to the surface bounded by
the said first section with the said wedge placed upon
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it.

[0013] In a preferred embodiment of this invention the
gradient of the outer surface of the wedge is between
20% and 35% and the gradient of the largest surface of
the wedge is less than 15%. By this means a lay-up struc-
ture which can be used for most parts of composite ma-
terial for aircraft structures designed with wedgescan be
achieved.
[0014] In a preferred embodiment of this invention the
gradient of the outer surface of the wedge is between
20% and 35% and the gradient of the largest surface of
the wedge is less than 15%. By this means a lay-up struc-
ture which can be used for most parts of composite ma-
terial designed with wedgescan be achieved.
[0015] In another preferred embodiment of this inven-
tion, the said wedge is made of a composite material
which is cured in the same cycle as the part. Manufacture
is facilitated by this means.
[0016] In a second aspect there is provided a process
for manufacture of the part mentioned which comprises
laying up sheets of composite material on a lay-up tool
having the shape of the outer surface of the part and
curing in an appropriate device through which:

- in a first stage the sheets of the first section are laid-
up using an ATL machine and compacted manually,

- in a second stage the wedge is positioned,
- in a third stage the sheets of the second section are

laid-up and compacted using an ATL machine.

[0017] Other features and advantages of this invention
will be apparent from the following detailed description
of an illustrative embodiment of the object of the invention
in relation to the appended figures.

DESCRIPTION OF THE FIGURES

[0018]

Figure 1 is a diagrammatical view in cross-section
of a part of composite material having a wedge be-
tween two zones, the upper part of which illustrates
the structure which is desirable from the design point
of view and the lower part of which illustrates the
structure used to adapt to the constraints required
by the use of an ATL machine during the stage of
laying-up the part.

Figure 2 is a diagrammatical view in cross-section
of the same part in Figure 1 with some stiffening el-
ements to illustrate one of the problems arising in
the known art with parts incorporating wedges.

Figure 3a is a view of a horizontal tailplane of an
aircraft with a torsion box in which the lining is a part
having a wedge between two zones and Figure 3b
is a partial detailed view of an area of attachment of

a component of the trailing edge.

Figure 4 is a diagrammatical view in transverse
cross-section of the structure of a part having a
wedge between two zones according to this inven-
tion.

Figures 5a, 5b and 5c are diagrammatical views of
the process of laying-up a part having a wedge be-
tween two zones according to this invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] This invention relates to parts manufactured
from composite material having a wedge like the parts
3, 3’ illustrated in Figures 1 and 2 having a wedge 13
between two zones 11, 15. These figures also show a
part 7, of smaller thickness than parts 3, 3’, which has to
be joined to them in zone 15, with its outer surface in line
with that of zone 11.
[0020] As an example of parts of this type in the aviation
industry, mention may be made of the linings of the tor-
sion boxes of tailplanes illustrated in Figures 3a and 3b
in which zone 11 in parts 3, 3’ corresponds to the lining
5 of the box proper and zone 15 corresponds to the con-
necting edge 7 of components 9 of the leading edge and
trailing edge which in turn correspond to part 7. Wedges
13, 13’ are determined by the difference in thickness be-
tween part 7 and parts 3, 3’ so that the outer surface of
zone 11 of parts 3, 3’ and the outer surface of part 7 have
appropriate aerodynamic continuity.
[0021] Parts 3 and 3’ in Figures 1 and 2 show the struc-
ture which is desirable from the design point of view and
the structure which can be manufactured using the
known art respectively.
[0022] In the situation illustrated in Figure 1 it will be
seen that one problem arising from part 3’, whose struc-
ture includes a portion 13’ which is more gently wedged
than wedge 13 in part 3, which has a greater gradient, is
the increase in weight corresponding to shaded area 19.
[0023] In the situation illustrated in Figure 2 it will be
seen that the problem arising as a result of part 3’, whose
structure includes a wedge 13’ having a gentler gradient
than wedge 13 of part 3, which has a larger gradient, is
the problem that the location of the final part of zone 15
is in conflict with T-shaped stiffening member 17 attached
to part 7, apart from the same problem of increased
weight as in the previous situation, and the problem that
the extension of the wedge towards zone 15 of part 3’
makes it difficult to fit machined panels or covers to its
inner surface, as it is difficult to do this on inclined sur-
faces.
[0024] It follows from the above that it would be desir-
able to be able to manufacture parts of composite mate-
rial having wedges which have a gradient greater than
that required for an ATL machine on their outer surfaces
in order to avoid the abovementioned disadvantages.
[0025] According to this invention this is overcome
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through a part 5 having a wedge 13 between two zones
11, 15, and whose structure comprises, as shown in Fig-
ure 4:

- a first section 31 formed of a reduced number of
sheets extending parallel to outer surface 21 of part
5, the outer surface of the wedge 13 including an
inclined surface with a gradient between 20% and
50%, depending upon the design requirements,

- a triangular prism 33 placed on the said first section
31 whose largest surface 27 forms a wedge having
a gradient of less than 20% and ends at the start of
the second zone 15 of part 5, and with two smaller
surfaces bounding a broken surface parallel to that
of the outer surface 21 of the part,

- a second section 35 formed of a plurality of contin-
uous sheets extending parallel to the surface bound-
ed by the said first section 31 with the said triangular
prism 33 placed upon it.

[0026] As may be seen in Figure 4, the two smaller
surfaces of triangular prism 33 bound a broken surface
parallel to that of outer surface 21 of part 5 and its larger
surface 27 has a gradient compatible with the require-
ments of the lay-up machine in order that it should oper-
ate correctly. Thus its function is to convert the very in-
clined gradient of surface 25 of the wedgge into the gen-
tler gradient of the surface 27 of triangular prism 33 in
order to assist laying-up of the sheets for second section
35 using an ATL machine. In addition to this it will be
seen that inner surface 23 of part 5 is an optimal surface
for the fitting of members which must be supported upon
it.
[0027] Preferably triangular prism 33 is made using a
roving of carbon fibre which is cured in the same cycle
as the part. In other embodiments triangular prism 33
may be made of materials such as for example glass
fibre.
[0028] In another preferred embodiment of this inven-
tion the gradient of outer surface 25 of the wedge is be-
tween 20% and 35% and the gradient of the largest sur-
face of triangular prism 33 is less than 15%.
[0029] By following Figures 5a, 5b, 5c, the three basic
stages which follow each other in the laying-up of part 5
will be seen:

- in the first stage sheets 41 of section 31 which follow
the external geometry of part 5 and lay-up wedge 39
are laid up. The sheets may be laid-up using an ATL
machine, but must be compacted manually because
the machine cannot do this correctly, given the gra-
dient of the wedge,

- in the second stage triangular prism 33 is fitted. The
location of triangular prism 33 on the inside of part
5 avoids problems of surface finish and cracking
which would occur if it was located on the outside of
part 5,

- in the third stage the sheets 45 of section 35 are laid-

up using an ATL machine in the normal way.

[0030] Those modifications which are included within
the scope defined by the following claims may be intro-
duced into the preferred embodiments which have just
been described.

Claims

1. A part (5) manufactured by the laying-up of sheets
of composite material which includes a wedge(13)
between a first zone (11) and a second zone (15)
characterised in that its structure comprises from
its outer surface (21) to its inner surface (23):

- a first section (31) formed of at least two con-
tinuous sheets (41) extending parallel to the out-
er surface (21) of the part (5), the outer surface
of the wedge (13) including an inclined surface
(25) with a gradient between 20% and 50%,
- a triangular prism (33) placed on the said first
section (31) with its larger surface (27) dimen-
sioned in such a way that it forms a wedge hav-
ing a gradient of less than 20% ending at the
start of the said second zone (15) and with two
smaller surfaces bounding a broken surface par-
allel to that of the outer surface (21) of the part,
- a second section (35) formed by a plurality of
continuous sheets (45) extending parallel to the
surface bounded by the said first section (31)
with the said triangular prism (33) placed upon it.

2. A part (5) according to claim 1, characterised in
that the gradient of the outer surface (25) of the
wedge (13) is between 20% and 35% and the gra-
dient of the larger surface (27) of the triangular prism
(33) is less than 15%.

3. A part (5) according to either of claims 1-2, charac-
terised in that the said triangular prism (33) is made
of a composite material which is cured in the same
cycle as the part (5).

4. A part (5) according to any one of claims 1-3, char-
acterised in that it forms part of the lining of a torsion
box of an aircraft tailplane.

5. A process for the manufacture of a part (5) according
to any one of claims 1-4, which comprises laying-up
the sheets of composite material on a lay-up tool (39)
having the shape of the outer surface of the part (5)
and curing it in a suitable device, characterised in
that:

a) in a first stage the sheets (41) of the first sec-
tion (31) are laid-up using an ATL machine and
compacted manually,
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b) in a second stage the triangular prism (33) is
fitted,
c) in a third stage the sheets (45) of the second
section (35) are laid-up and compacted using
an ATL machine.

Patentansprüche

1. Bauteil (5), welches durch das Auslegen von Bahnen
aus Verbundmaterial hergestellt ist, welches einen
Keil (13) zwischen einem ersten Bereich (11) und
einem zweiten Bereich (15) umfasst, dadurch ge-
kennzeichnet, dass sein Aufbau von seiner Außen-
fläche (21) zu seiner Innenfläche (23) umfasst:

einen ersten Abschnitt (31), welcher aus zumin-
dest zwei durchgängigen Bahnen (41), welche
sich parallel zur Außenfläche (21) des Bauteils
(5) erstrecken, ausgebildet ist, wobei die Außen-
fläche des Keils (13) eine geneigte Fläche (25)
mit einem Gradienten zwischen 20 % und 50 %
umfasst,
ein Dreiecksprisma (33), welches auf dem er-
sten Abschnitt (31) platziert ist, wobei seine grö-
ßere Fläche (27) derart bemessen ist, dass sie
einen Keil ausbildet, welcher einen Gradienten
von weniger als 20 % hat, welcher am Anfang
von dem zweiten Bereich (15) endet, und mit
zwei kleineren Flächen, welche eine gebroche-
ne Fläche parallel an jener von der Außenfläche
(21) des Bauteils anbinden,
einen zweiten Abschnitt (35), welcher durch ei-
ne Mehrzahl von durchgängigen Bahnen (45)
ausgebildet ist, welche sich parallel zu der Flä-
che erstrecken, welche durch den ersten Ab-
schnitt (31) mit dem darauf platzierten Dreieck-
sprisma (33) angebunden ist.

2. Bauteil (5) nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Gradient von der Außenfläche
(25) des Keils (13) zwischen 20 % und 35 % beträgt
und der Gradient von der größeren Fläche (27) von
dem Dreiecksprisma (33) weniger als 15 % beträgt.

3. Bauteil (5) nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass das Dreiecksprisma (33) aus
einem Verbundmaterial erstellt ist, welches in dem
gleichen Zyklus wie das Bauteil (5) ausgehärtet ist.

4. Bauteil (5) nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass es einen Abschnitt
von der Einfassung von einem Torsionskasten von
einem Flugzeug-Leitwerk ausbildet.

5. Verfahren zum Herstellen eines Bauteils (5) nach
einem der Ansprüche 1 bis 4, welches ein Auslegen
der Bahnen aus Verbundmaterial auf einem Ausle-

ge-Werkzeug (39), welches die Form von der Au-
ßenfläche des Bauteils (5) hat, und ein Aushärten
derer in einer geeigneten Vorrichtung umfasst, da-
durch gekennzeichnet, dass:

a) in einer ersten Stufe die Bahnen (41) von dem
ersten Abschnitt (31) unter Verwendung von ei-
ner ATL-Maschine ausgelegt werden und ma-
nuell gepresst werden,
b) in einer zweiten Stufe das Dreiecksprisma
(33) eingepasst wird,
c) in einer dritten Stufe die Bahnen (45) von dem
zweiten Abschnitt (35) unter Verwendung von
einer ATL-Maschine ausgelegt und gepresst
werden.

Revendications

1. Pièce (5) fabriquée par la superposition de feuilles
de matériau composite, qui comprend un coin (13)
entre une première zone (11) et une seconde zone
(15), caractérisée en ce que sa structure com-
prend, de sa surface extérieure (21) à sa surface
intérieure (23) :

- une première section (31) formée d’au moins
deux feuilles continues (41) s’étendant parallè-
lement à la surface extérieure (21) de la pièce
(5), la surface extérieure du coin (13) compre-
nant une surface inclinée (25) avec un gradient
entre 20 % et 50 %,
- un prisme triangulaire (33) placé sur ladite pre-
mière section (31) avec sa surface plus grande
(27) dimensionnée de manière telle qu’elle for-
me un coin présentant un gradient inférieur à 20
% se terminant au début de ladite seconde zone
(15) et avec deux surfaces plus petites bornant
une surface discontinue parallèle à celle de la
surface extérieure (21) de la pièce,
- une seconde section (35) formée par une plu-
ralité de feuilles continues (45) s’étendant pa-
rallèlement à la surface reliée par ladite premiè-
re  section (31) audit prisme triangulaire (33) pla-
cé sur celle-ci.

2. Pièce (5) selon la revendication 1, caractérisée en
ce que le gradient de la surface extérieure (25) du
coin (13) est entre 20 % et 35 % et le gradient de la
surface plus grande (27) du prisme triangulaire (33)
est inférieur à 15 %.

3. Pièce (5) selon l’une ou l’autre des revendications 1
et 2, caractérisée en ce que ledit prisme triangulaire
(33) est fait d’un matériau composite qui est durci
dans le même cycle que la pièce (5).

4. Pièce (5) selon l’une quelconque des revendications
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1 à 3, caractérisée en ce qu’elle fait partie du re-
vêtement d’un caisson de torsion d’un empennage
horizontal d’avion.

5. Procédé pour la fabrication d’une pièce (5) selon
l’une quelconque des revendications 1 à 4, qui com-
prend la superposition des feuilles de matériau com-
posite sur un outil de superposition (39) présentant
la forme de la surface extérieure de la pièce (5) et
son durcissement dans un dispositif approprié, ca-
ractérisé en ce que :

a) dans une première étape, les feuilles (41) de
la première section (31) sont superposées en
utilisant une machine ATL et compactées ma-
nuellement,
b) dans une deuxième étape, le prisme triangu-
laire (33) est installé,
c) dans une troisième étape, les feuilles (45) de
la seconde section (35) sont superposées et
compactées en utilisant une machine ATL.

9 10 
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