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(54) COMPOSITE LAMINATE FOR AN AIRFRAME LIFTING SURFACE AND METHOD FOR 
MANUFACTURING THEREOF

(57) Composite laminate (2) for an airframe lifting
surface comprising a set of stacked plies of pre-preg ma-
terial, the composite laminate (2) being surrounded by
at least an edge (3) following an edge direction (E) along
the composite laminate (2), the set of stacked plies (10)
comprising:

- a first plurality (4) of plies (4.1) formed by tapes

arranged parallel to the edge direction (E), and
- a second plurality (5) of plies (5.1, 5.2, 5.3) formed

by tapes arranged in a direction different to the edge di-
rection (E),

wherein the thickness of at least one ply of the sec-
ond plurality (5) of plies is lower than the thickness of
each ply of the first plurality (4) of plies.



EP 3 812 137 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention belongs to the field of
manufacturing composite parts, and particularly, the in-
vention provides a composite laminate for an airframe
lifting surface and a method for manufacturing thereof.
Accordingly, an object of the present invention is to pro-
vide an advanced composite laminate for an airframe
lifting surface by means of high deposition pre-preg ma-
terials technology.

BACKGROUND OF THE INVENTION

[0002] A composite airframe lifting surface is typically
composed by a skin (in the form of a composite laminate)
stiffened, such as a torsion box, horizontal/vertical tail
planes, rudders, elevator, ailerons, spoilers and flaps.
[0003] Typically, these composite airframe lifting sur-
faces are manufactured with standard pre-preg materials
by means of Automated Fibre Placement (AFP) or Auto-
mated Tape Laying (ATL). In both methods, the lay-up
process needs a high volume of labour hours in despite
of the automated process. Furthermore, according to a
high production rate scenario, a big investment is re-
quested in terms of machines and shop floor to compen-
sate the large lead time involved in said lay-up processes.
[0004] High deposition pre-preg material formats are
known in the aeronautical field whose formats and tech-
nology reduce substantially the lay-up time for the com-
posite structures. These high deposition pre-preg mate-
rials are preimpregnated composite fibres materials
where a thermoset polymer matrix material or a thermo-
plastic resin is already present. The technology design
of these material formats allow a quick lay up of tapes
(tows) of pre-preg material that are provided in a wider
format (2-inch wide -50.8mm-), and in some cases, also
thicker than the conventional standard pre-preg material
formats. The use of thicker high deposition pre-preg ma-
terial formats for current laminate designs for lifting sur-
faces may derive in failures at the edges of the laminate.
This failures are known as edge effects or delaminations,
and are related to the increase of interlaminar stresses
towards the edges of the laminate. The edge effect is a
consequence of the accumulation or grouping of material
fibres non-parallel to the edge of the laminate in combi-
nation with the strain level at the edge area. Particularly,
the edge effect may be more critical for the high cured
ply thickness laminates, that is, laminates manufactured
with thicker high deposition pre-preg material formats.

SUMMARY OF THE INVENTION

[0005] The present invention provides a solution for
the edge effect problem by a composite laminate accord-
ing to claim 1, an airframe lifting surface according to
claim 7, an aircraft according to claim 10, a method for

manufacturing a composite laminate according to claim
11, and a method for manufacturing an airframe lifting
surface according to claim 13. In dependent claims, pre-
ferred embodiments of the invention are defined.
[0006] In a first inventive aspect, the present invention
provides a composite laminate for an airframe lifting sur-
face comprising a set of stacked plies of pre-preg mate-
rial, the composite laminate being surrounded by at least
an edge following an edge direction E along the compos-
ite laminate, the set of stacked plies comprising:

- a first plurality of plies formed by tapes arranged par-
allel to the edge direction E, and

- a second plurality of plies formed by tapes arranged
in a direction different to the edge direction E,

wherein the thickness of at least one ply of the second
plurality of plies is lower than the thickness of each ply
of the first plurality of plies.
[0007] The composite laminate of the invention is man-
ufactured with high deposition pre-preg material formats
that are laid up in the form of tapes in a same direction
for each ply thus conforming such composite laminate.
The lay-up of these pre-preg material formats is prefer-
ably performed by AFP.
[0008] The present composite laminate is surrounded
or bounded on their lateral sides by edges at their ends,
where at least one edge follows an edge direction E along
the composite laminate that preferably consists of the
total thickness of the set of stacked plies, defined be-
tween the ends of their lateral sides.
[0009] Unlike the conventional designs of composite
airframe lifting surface laminate, the present invention
provides a new laminate design for manufacturing com-
posite airframe lifting surface with high deposition pre-
preg material formats. So far, these materials have not
been used to manufacture lifting surfaces due to the dis-
advantages caused by the edge effect. However, the
present invention provides an improved design of a com-
posite laminate which is compatible with the high depo-
sition pre-preg material formats and avoids or reduces
the edge effect.
[0010] Moreover, the decreased thickness of plies be-
tween both the first plurality of plies and the second plu-
rality of plies, and compared with the prior art designs,
advantageously reduces the edge effect on the compos-
ite laminate. That is, the edge effect critically derived from
the thicker plies formed by the high deposition pre-preg
material formats are prevented by the present design
wherein the thickness of the plies the composite laminate
are minimized between layers in comparison with the pri-
or art laminate ply thickness. Further, this new design for
composite laminate provides cost and lead time reduc-
tion thus allowing a high production rate.
[0011] Preferably, the thickness of all the plies forming
the second plurality of plies is lower than the thickness
of each ply of the first plurality of plies.
[0012] Preferably, the thickness of all the plies forming
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the first and the second plurality of plies are, respectively,
substantially the same.
[0013] Preferably, the second plurality of plies of the
composite laminate are formed by tapes arranged in a
direction orthogonal to the edge direction E. In this case,
the first plurality of plies are formed by tapes arranged
parallel to the edge direction E (0º plies), and the second
plurality of plies of the composite laminate are formed by
tapes arranged in a direction orthogonal to the edge di-
rection E (90º plies).
[0014] In a second preferred embodiment, the first plu-
rality of plies are formed by tapes arranged parallel to
the edge direction E (0º plies), and the second plurality
of plies of the composite laminate are formed by tapes
arranged in a laying up direction of +45º with respect to
the edge direction E.
[0015] In a third preferred embodiment, the first plural-
ity of plies are formed by tapes arranged parallel to the
edge direction E (0º), and the second plurality of plies of
the composite laminate are formed by tapes arranged in
a laying up direction of -45º with respect to the edge
direction E.
[0016] When using thinner plies, more quantity of plies
have to be deposited to achieve the same total thickness
of the laminate. This means that these thinner plies can
be better distributed between the other plies, spreading
the interlaminar efforts through the entire laminate, and
making border effects less critical.
[0017] Preferably, the second plurality of plies are dis-
tributed through the entire thickness (depth) of the com-
posite laminate.
[0018] According to another preferred embodiment,
the first plurality of plies and the second plurality of plies
are evenly (homogeneously) distributed through the
thickness (depth) of the composite laminate.
[0019] In another particular embodiment, the set of
stacked plies comprises:

- at least a first ply formed by tapes arranged parallel
to the edge direction E,

- at least a second ply formed by tapes arranged in a
direction orthogonal to the edge direction E,

- at least a third ply formed by tapes arranged in a
laying up direction of +θº with respect to the edge
direction E, and

- at least a forth ply formed by tapes arranged in a
laying up direction of -θº with respect to the edge
direction E;

wherein θ is different from 0 and 90.
[0020] Thus, the first ply is laid up in a laying up direc-
tion that is parallel to the edge direction E, the second
ply is laid up in a laying up direction of 90º with respect
to the edge direction E; the third ply is laid up in a laying
up direction of +θº with respect to the edge direction E;
and the third ply is laid up in a laying up direction of -θº
direction with respect to the edge direction E. In a par-
ticular embodiment, θ is 45.

[0021] In another particular embodiment, the plies of
both the first and second plurality of plies are interspersed
through the thickess (depth) of the set of stacked plies.
The expression "interspersed" will be understood, for ex-
ample, as positioning, by order of stacking, first plies
formed by tapes arranged parallel to a particular direc-
tion, the first plies being interposed between second plies
formed by tapes arranged in a direction different to the
particular direction.
[0022] In another particular embodiment, the thickness
of the plies of the second plurality of plies is comprised
between 0,184 mm and 1 mm.
[0023] In a more particular embodiment, wherein the
50% of the plies of the set of stacked plies corresponds
to the first plurality of plies, the 33% of the plies of the
set of stacked plies corresponds to the third and fourth
plies of the second plurality of plies, and the 17% of plies
of the stacked plies corresponds to the second plies of
the second plurality of plies.
[0024] In a second inventive aspect, the present inven-
tion provides an airframe lifting surface comprising a
composite laminate according to the first inventive as-
pect.
[0025] In a particular embodiment, the airframe lifting
surface further comprises stiffening elements, such as
stringers, spars, beams, the stiffening elements being
bonded to the composite laminate by an adhesive. Pref-
erably, the adhesive is an adhesive line.
[0026] In a particular embodiment, the airframe lifting
surface is one of the following: torsion box, horizontal tail
plane, vertical tail plane, rudder, elevator, aileron, spoiler
or flap.
[0027] In a third inventive aspect, the present invention
provides an aircraft comprising a composite airframe lift-
ing surface according to the second inventive aspect.
[0028] In a fourth inventive aspect, the present inven-
tion provides a method for manufacturing a composite
laminate for an airframe lifting surface according to the
first inventive aspect, the method comprising the steps of:

a) laying up pre-preg material forming a set of
stacked plies
b) curing the set of stacked plies obtained in the step
a), and
c) obtaining a composite laminate for an airframe
lifting surface in the form of a cured composite lam-
inate;

wherein

the cured composite laminate obtained in the step
c) is surrounded by at least an edge, the edge fol-
lowing an edge direction E along the composite lam-
inate;
the step a) comprises laying up at least:

- a first plurality of plies with tapes laid up in the
edge direction E, and
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- a second plurality of plies, each ply with tapes
laid up in a laying up direction different to the
edge direction E; and

the thickness of at least one ply of the second plu-
rality of plies is lower than the thickness of each ply
of the first plurality of plies.

[0029] The present method provides a composite lam-
inate with a reduced lamination effect at the edges of the
composite laminate.
[0030] In a particular embodiment, the step a) is per-
formed by an Automated Fibre Placement (AFP) wherein
the fibre of the pre-preg material is laid up in a particular
direction for each ply according to the present invention.
[0031] The step a) provides a composite laminate in a
fresh state in the form of fresh stack of plies.
[0032] In a particular embodiment, the step a) compris-
es laying up:

- tapes in a laying up direction parallel to the edge
direction E for forming at least a first ply,

- tapes in a laying up direction orthogonal to the edge
direction E for forming at least a second ply,

- tapes in a laying up direction of +θº with respect to
the edge direction E for forming at least a third ply i,
and

- tapes in a laying up direction of -θº with respect to
the edge direction E for forming at least a forth ply,

wherein θ is different from 0 and 90.
[0033] In a fifth inventive aspect, the present invention
provides a method for manufacturing an airframe lifting
surface according the second inventive aspect, the meth-
od comprising the following steps:

i. providing at least a composite laminate according
to the first inventive aspect,
ii. providing stiffening elements,
iii. joining the stiffening elements to the composite
laminate,
iv. obtaining the airframe lifting surface.

[0034] In a particular embodiment, the step iii) com-
prises co-bonding the stiffening elements to the cured
composite laminate by means of an adhesive line.
[0035] In a particular embodiment, the step iii) com-
prises co-curing the set of stacked plies obtained in the
step b) of the method according to the fourth inventive
aspect with stiffening elements or other structural com-
ponents in a same curing cycle.
[0036] All the features described in this specification
(including the claims, description and drawings) and/or
all the steps of the described method can be combined
in any combination, with the exception of combinations
of such mutually exclusive features and/or steps.

DESCRIPTION OF THE DRAWINGS

[0037] These and other characteristics and advantag-
es of the invention will become clearly understood in view
of the detailed description of the invention which be-
comes apparent from a preferred embodiment of the in-
vention, given just as an example and not being limited
thereto, with reference to the drawings.

Figure 1 This figure shows a perspective view of an
airframe lifting surface according to a partic-
ular embodiment of the present invention.

Figure 2 This figure shows a schematic representa-
tion of a composite laminate for an airframe
lifting surface according to the state of the art.

Figure 3 This figure shows a schematic representa-
tion of a composite laminate for an airframe
lifting surface according to an embodiment
of the present invention.

Figure 4 This figure shows an aircraft according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The present invention provides an improved
composite laminate design for an aircraft airframe lifting
surface manufactured with high deposition pre-preg ma-
terial formats.

Airframe lifting surface

[0039] Figure 1 shows a perspective view of an air-
frame lifting surface that comprises a composite laminate
(2) comprising a set of stacked plies (10) made of high
deposition pre-preg material formats. A plurality of edges
(3) bounds the composite laminate (2) as it can be ob-
served in this figure. Each edge (3) defines an edge di-
rection E along the end of the composite laminate, that
is, each edge (3) follows an edge direction E along the
composite laminate (2).
[0040] This lifting surface (1) is designed with a com-
posite laminate (2) that comprises a first plurality (4) of
plies formed by tapes that are laid up parallel to the de-
picted edge direction E, and a second plurality (5) of plies
formed by tapes that are laid up in a direction different
to the depicted edge direction E. Particularly, the plies
(5.1, 5.2, 5.3) that are laid up in a direction different to
the edge direction E have a thickness that is lower than
the thickness of the plies (4.1) that are laid up in the edge
direction E. As described later in figures 2 and 3, the new
design of composite laminate (2) provides a decrease in
the thickness of some of the plies compared with the
state of the art if high deposition pre-preg material formats
were used.
[0041] The airframe lifting surface shown in figure 1
further comprises a plurality of stiffening elements (6)
located along an upper surface of the composite laminate
(2) and bonded to such composite laminate surface. Par-
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ticularly, the stiffening means (6) are stringers. In a par-
ticular example, the stiffening elements (6) are co-cured
with a fresh set of stacked plies (10) of the composite
laminate (2). In another example, the stiffening elements
(6) are co-bonded with a cured composite laminate (2).
In another example, the stiffening elements (6) are bond-
ed to the composite laminate (2) by an adhesive line.

Composite laminate (2)

[0042] Figures 2 and 3 show a schematic cross sec-
tional view of a composite laminate (2, 22) composed by
a plurality of stacked plies forming a set of stacked plies
(10,20) of high deposition pre-preg material formats. In
particular, a prior art design according to figure 2 is com-
pared to the new design shown in figure 3.
[0043] Figure 2 shows a prior art design wherein the
composite laminate (2) is composed by a set of stacked
plies (20) with same thickness. These plurality of plies
are formed by tapes that are laid up, for each ply, in a
direction parallel to the edge direction E and in a direction
different to the edge direction E. In this particular exam-
ple, the composite laminate (22) comprises in order of
laying up the following plies formed by tapes arranged
according to a particular direction with respect to the edge
direction E:

- a fourth ply (25.3) formed by tapes that are laid up
in a -45º direction,

- a third ply (25.2) formed by tapes that are laid up in
a +45º direction,

- two first plies (24.1) formed by tapes that are laid up
parallel to the edge direction E (0º plies),

- a second ply (25.1) formed by tapes that are laid up
in a direction orthogonal to the edge direction E (90º
plies),

- two first plies (24.1) formed by tapes that are laid up
parallel to the edge direction E (0º plies),

- a third ply (25.1) formed by tapes that are laid up in
a direction orthogonal to the edge direction E (90º
plies),

- two first plies (24.1) formed by tapes that are laid up
parallel to the edge direction E (0º plies),

- a third ply (25.2) formed by tapes that are laid up in
a +45º direction, and

- a fourth ply (25.3) formed by tapes that are laid up
in a -45º direction.

[0044] The above design, corresponding to the prior
art, would experience the edge effect or delamination on
the edges (30) of the composite laminate (20) since the
application of high deposition material formats for man-
ufacturing an airframe lifting surface.
[0045] Figure 3 shows a new composite laminate de-
sign wherein the composite laminate (2) is composed by
a set of stacked plies (10) with different thickness when
comparing with the prior art (figure 2). These plurality of
plies are also formed by tapes that are laid up in a direc-

tion parallel to the edge direction E and in a direction
different to the edge direction E. In this particular example
(shown in figure 3), the composite laminate (2) comprises
in order of laying up the following plies formed by tapes
arranged according to a particular direction with respect
to the edge direction E:

- a forth ply (5.3) formed by tapes that are laid up in a
-45º direction,

- a third ply (5.2) formed by tapes that are laid up in a
+45º direction,

- a second ply (5.1) formed by tapes that are laid up
in a direction orthogonal to the edge direction E,

- two first plies (4.1) formed by tapes that are laid up
parallel to the edge direction E,

- a second ply (5.1) formed by tapes that are laid up
in a direction orthogonal to the edge direction E,

- two first plies (4.1) formed by tapes that are laid up
parallel to the edge direction E,

- a second ply (5.1) formed by tapes that are laid up
in a direction orthogonal to the edge direction E,

- two first plies (4.1) formed by tapes that are laid up
parallel to the edge direction E,

- a second ply (5.1) formed by tapes that are laid up
in a direction orthogonal to the edge direction E,

- a third ply (5.2) formed by tapes that are laid up in a
+45º direction, and

- a forth ply (5.3) formed by tapes that are laid up in a
-45º direction.

[0046] In order to reduce or even avoid the edge effect
or delamination of the composite laminate (2), the thick-
ness of the plies that are laid up in a direction different
to the edge direction E is reduced compared to the prior
art laminate shown in figure 2. Particularly, the thickness
of the second plies (5.1) are reduced compared to the
second plies (25.1) of the prior art design (figure 2). In
addition, the new design also includes two more second
plies (5.1) formed by tapes that are laid up in a direction
orthogonal to the edge direction E. Furthermore, the
thickness of the third plies (5.2) and the forth plies (5.3)
is reduced in view of the prior art design (figure 2). There-
fore, in the composite laminate (2) design shown in this
figure 3, the thickness of each cured ply where the tapes
are arranged in a direction different to the edge direction
E is lower than the thickness of each cured ply where the
tapes are arranged parallel to the edge direction E.
[0047] In a particular example, the 50% of the plies of
the set of stacked plies (10) corresponds to first plies
(4.1) formed by tapes parallel to the edge direction E; the
33% of the plies corresponds to third and fourth plies
(5.2, 5.3) formed by tapes in the laying up direction of
645º with respect to the edge direction E; and the 17%
of plies corresponds to the second plies (5.1) formed by
tapes in a direction orthogonal to the edge direction E.
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Method for manufacturing a composite laminate (2)

[0048] The present invention provides a method for
manufacturing a composite laminate (2) for an airframe
lifting surface, the method comprising the steps of:

a) laying up pre-preg material forming a set of
stacked plies (10),
b) curing the set of stacked plies (10) obtained in the
step a), and
c) obtaining a composite laminate (2) for an airframe
lifting surface in the form of a cured composite lam-
inate (2);

wherein

the cured composite laminate (2) obtained in the step
c) is surrounded by at least an edge (3), the edge
(3) following an edge direction E along the composite
laminate (2);
the step a) comprises laying up at least:

- a first plurality (4) of plies (4.1) with tapes laid
up in the edge direction E, and

- a second plurality (5) of plies (5.1, 5.2, 5.3), each
ply (5) with tapes laid up in a laying up direction
different to the edge direction E; and

the thickness of each ply of the second plurality (5) of
plies is lower than the thickness of each ply of the first
plurality (4)of plies .
[0049] The step a) comprises laying up high deposition
pre-preg material formats in the form of tapes (4) that
makes up each ply of a plurality of stacked plies (10).
According to at least an edge (3) of the composite lami-
nate (2), in the step of laying up, some plies are laid up
in the edge direction E and other plies are laid up in a
direction different to the edge direction E.
[0050] In a particular example, some plies are laid up
in a laying up direction of 645º direction with respect to
the edge direction E; other plies are laid up in another
laying up direction that is orthogonal to the edge direction
E, and some other plies are laid up in a direction that is
parallel to the edge direction E.
[0051] The thickness of the laid up plies is a particular
thickness for each ply so that the thickness of the plies
formed by tapes that are laid up in a direction different
to the edge direction E is lower than the thickness of the
plies formed by tapes that are laid up in the edge direction
E. That is, according to the edge (3) of the composite
laminate (2) and both its edge direction E and the laying
up direction of each ply, the thickness of the laid up tapes
varies for each ply respectively in view of the prior art
solutions.
[0052] In a particular example, after a cured composite
laminate (2) is obtained, the method further comprises
trimming the composite laminate (2) at its edges (3) in
order to obtain the desired form.

Method for manufacturing an airframe lifting surface

[0053] The present invention provides a method for
manufacturing an airframe lifting surface comprising the
following steps:

i. providing at least a composite laminate (2) accord-
ing to the present invention,
ii. providing stiffening elements (6),
iii. joining the stiffening elements (6) to the composite
laminate (2),
iv. obtaining the airframe lifting surface.

[0054] In a particular example, the cured composite
laminate (2), obtained in the step i) is joined to at least a
stiffening element (6) by a co-bonding process wherein
the stiffening element (6) is bonded to the composite lam-
inate (2) by means of an adhesive line.
[0055] In another particular example, the set of stacked
plies (10), in the form of a fresh composite laminate, is
joined to at least a stiffening element (6) and both com-
ponents are cured together in a same curing cycle by
means of a co-curing process.

Aircraft

[0056] Figure 4 shows an aircraft (7) comprising a plu-
rality of airframe lifting surfaces corresponding to a wing
torsion box (8), a horizontal tail plain (9), a vertical tail
plain (11) and a rudder (12). These airframe lifting sur-
faces (1) are manufactured from a composite laminate
(2) according to the present invention.

Claims

1. Composite laminate (2) for an airframe lifting sur-
face comprising a set of stacked plies (10) of pre-
preg material, the composite laminate (2) being sur-
rounded by at least an edge (3) following an edge
direction E along the composite laminate (2), the set
of stacked plies (10) comprising:

- a first plurality (4) of plies (4.1) formed by tapes
arranged parallel to the edge direction E, and
- a second plurality (5) of plies (5.1, 5.2, 5.3)
formed by tapes arranged in a direction different
to the edge direction E,

wherein the thickness of at least one ply of the sec-
ond plurality (5) of plies is lower than the thickness
of each ply of the first plurality (4) of plies.

2. Composite laminate (2) according to claim 1,
wherein the second plurality (5) of plies (5.1, 5.2,
5.3) are formed by tapes arranged in a direction or-
thogonal to the edge direction E.
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3. Composite laminate (2) according to claim 1,
wherein the second plurality (5) of plies (5.1, 5.2,
5.3) are formed by tapes arranged in a laying up
direction of +45º with respect to the edge direction E.

4. Composite laminate (2) according to claim 1,
wherein the second plurality (5) of plies (5.1, 5.2,
5.3) are formed by tapes arranged in a laying up
direction of - 45º with respect to the edge direction E.

5. Composite laminate (2) according to any of the
previous claims, wherein the second plurality (5) of
plies (5.1, 5.2, 5.3) are distributed through the entire
thickness of the composite laminate (2).

6. Composite laminate (2) according to claim 1,
wherein the set of stacked plies (10) comprises:

- at least a first ply (4.1) formed by tapes ar-
ranged parallel to the edge direction E,
- at least a second ply (5.1) formed by tapes
arranged in a direction orthogonal to the edge
direction E, and
- at least a third ply (5.2) formed by tapes ar-
ranged in a laying up direction of +0º with re-
spect to the edge direction E, and
- at least a fourth ply (5.3) formed by tapes ar-
ranged in a laying up direction of -θº with respect
to the edge direction E;

wherein θ is different from 0 and 90.

3. Composite laminate (2) according to claim 2,
wherein θ is 45.

4. Composite laminate (2) according to any of pre-
vious claims, wherein the plies (4.1, 5.1, 5.2, 5.3) of
both first (4) and second (5) plurality of plies are in-
terspersed through the thickness of the set of
stacked plies (10).

5. Composite laminate (2) according to any of the
previous claims, wherein the thickness of the plies
of the second plurality of plies (5) is comprised be-
tween 0,184 and 1 mm.

6. Composite laminate (2) according to claim 2 and
any of claims 3-5, wherein

the 50% of the plies of the set of stacked plies
(10) corresponds to the first plurality (4) of plies,
the 33% of the plies of the set of stacked plies
(10) corresponds to the third (5.2) and fourth
(5.3) plies of the second plurality of plies (5), and
the 17% of plies of the stacked plies (10) corre-
sponds to the second plies (5.1) of the second
plurality (5) of plies.

7. Airframe lifting surface comprising a composite
laminate (2) according to any of previous claims.

8. Airframe lifting surface according to claim 7, fur-
ther comprising stiffening elements (6), such as
stringers, spars, or beams, the stiffening elements
(6) being bonded to the composite laminate (2) by
an adhesive.

9. Airframe lifting surface according to any of claims
7-8 being any of the following: torsion box, horizontal
tail plane, vertical tail plane, rudder, elevator, aileron,
spoiler or flap.

10. Aircraft (7) comprising an airframe lifting surface
according to any of claims 7-9.

11. Method for manufacturing a composite laminate
(2) for an airframe lifting surface, the method com-
prising the steps of:

a) laying up pre-preg material to form a set of
stacked plies (10), wherein said set of stacked
plies (10) has an edge following a direction E,
and wherein the laying up comprises,

+ a first plurality (4) of plies (4.1) formed by
tapes arranged parallel to the edge direction
E, and
+ a second plurality (5) of plies (5.1, 5.2, 5.3)
formed by tapes arranged in a direction dif-
ferent to the edge direction E,

wherein the thickness of each ply of the second
plurality (5) of plies is lower than the thickness
of each ply of the first plurality (4) of plies,
b) curing the set of stacked plies (10) obtained
in the step a),
c) obtaining a composite laminate (2) for an air-
frame lifting surface in the form of a cured com-
posite laminate (2).

12. The method according to claim 10, wherein the
step a) comprises laying up:

- tapes in a laying up direction parallel to the
edge direction E for forming at least a first ply
(4.1),
- tapes in a laying up direction orthogonal to the
edge direction E for forming at least a second
ply (5.1),
- tapes in a laying up direction of +θº with respect
to the edge direction E for forming at least a third
ply (5.2), and
- tapes in a laying up direction of -θº with respect
to the edge direction E for forming at least a forth
ply (5.3),

11 12 
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wherein θ is different from 0 and 90.

13. Method for manufacturing an airframe lifting sur-
face according to any of claims 7-9, the method com-
prising the following steps:

i. providing at least a composite laminate (2) ac-
cording to any of claims 1-6,
ii. providing stiffening elements (6),
iii. joining the stiffening elements (6) to the com-
posite laminate (2),
iv. obtaining the airframe lifting surface.

14. The method according to claim 12, wherein the
step iii) comprises co-bonding the stiffening ele-
ments (6) to the cured composite laminate (2) by
means of an adhesive line.

15. The method according to any of claims 12-13,
wherein the step iii) comprises co-curing the set of
stacked plies (10) obtained in the step b) of the meth-
od according to claim 11 with stiffening elements (6)
or other structural components in a same curing cy-
cle.

13 14 
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