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(57) Abstract: The present invention regards a composite laminate skin comprising a plurality of fiber reinforced plastic plies (7)
stacked onto each other, the laminate skin (3) comprises a plurality of fastening apertures (9), each of which extending entirely or
partly through the laminate skin (3) in a direction essentially orthogonally or orthogonally to the plane (P) of the laminate skin (3),
each fastening aperture (9) being adapted for encompassing a respective fastening element (11). The fastening aperture (9) extends
through a tailored stack (14) of at least two inserts (13) for taking up clamp forces in edge areas surrounding the fastening apertures
so that the laminate skin can be made thinner. The invention also regards a method for manufacture of the laminate skin.
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An aerial skin article with reinforced fastening holes

TECHNICAL FIELD

The present invention relates to a composite laminate skin according to the preamble of claim

1. It also relates to a method for producing the laminate skin according to claim 10.

The invention relates to the aircraft industry, aircraft and manufacture of aircraft or other

aerial vehicles. However, the invention is not limited thereto.

BACKGROUND ART

There are current reinforcement technologies for aircraft (or other aerial vehicles) composite
skins, especially regarding the portions of the skin which surround fastening apertures in the
skin for fastening the skin to a sub-structure, such as ribs, rib feet, stringers etc. by means of
fasteners, such as bolts, rivets etc. These technologies make use of a rather thick plastic
laminate skin for compensating the high stress present within said portions. Such addition of
extra fiber reinforced plastic material to the skin’s aperture surrounding portions will generate
high weight. The thicker laminate is heavy per se and the laminate is often made thinner in
areas (i.e. areas not having any fastening apertures) between said portions. This implies that
shims might have to be applied between skin underside and substructure for achieving a
smooth and even aerodynamic surface of the skin outer side. For taking up clamp forces in
edge areas surrounding the fastening apertures, which forces are provided by stressed
fasteners (such as bolts) during flight, and preventing the fastener to crack or negatively affect
the fastener aperture surrounding portions, the laminate skin of the aircraft must be
reinforced. At the same time, the aircraft and the laminate skin must exhibit as low weight as

possible.

There is a need for an improved aerial vehicle composite laminate skin, which can be

produced cost-effective.
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There is a need to further increase the strength properties within said portions surrounding
the fastening apertures. During use, aircraft are subject for intense temperature changes,
freeze and thaw cycles. The composite laminate skins of wings, leading edges, fuselages etc.,
are subjected to extreme condensation, wherein water condenses within the composite. Also
moisture diffuses into the composite. There is thus a need for a long-life laminate skin

exhibiting strength properties over long time.

A design of laminate skins being disclosed in US 4 029 838 describes composite laminate
structures of metal sheets and various kinds of fibres. A further design of laminate skins is
disclosed in US 4 500 589, describing a laminate of aluminium-containing metal sheets and
threads-adhesive layers. The skin disclosed in US 4 500 589 being made for improved load

bearing and weight saving for saving fuel.

There is a need to develop prior art techniques, as aircraft more frequently comprise

composite laminate skins.

There is also a need for providing a cost-efficient way to produce low-weight composite
laminate skins, having thin and constant thickness, wherein the skins still can be fastened to a

sub-structure under the skin, achieving high strength in the laminate around aperture edges.

There is also a need to provide a cost-effective way to select, in a flexible manner, the strength
modulus in the laminate around the aperture edges and thus determine and produce the

necessary thickness of the laminate skin so that weight can be saved.

There is thus an object to provide a composite laminate skin, comprising improved reinforced
portions surrounding the fastening apertures (comprising e.g. bolts holding the skin and sub-
structure together), which skin is of low weight, exhibits constant thickness at positions for
fastening to sub-structure, and which also at the same time will provide strength over long

time. It should not delaminate due to moisture and corrosion.

There is an object to provide a laminate skin which is capable to take up large axial clamp
forces generated by the fastening element due to influence of different forces on the skin and

structure during flight.
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There is an object to provide a cost-effective method to manufacture the improved skin.

There is an object to improve prior art techniques.

SUMMARY OF THE INVENTION

This has been achieved by the composite laminate skin defined in the introduction and being

characterized by the features of the characterizing part of claim 1.

In such way is achieved that the laminate skin comprises a plurality of reinforced portions each
surrounding the respective fastening aperture, wherein each reinforced portion is adapted to
be in contact with a skin holding sub-structure and the fastening elements (e.g. bolts) thereby
provide a rigid bond between the skin and the skin holding sub-structure. There is no need to
add additional fiber reinforcement plastic material to the portions surrounding the aperture,
since the strength around the aperture edge will be sufficiently high by means of the metal
inserts. Thus, the laminate skin does not need to be thicker in areas surrounding the fastening

aperture.

Thereby is achieved that the composite laminate skin can be made with an even thickness and
no shims have to be arranged in between two adjacent fastening apertures of the skin and
under the skin for connecting the skin under side and the skin holding sub-structure. By the
achievement of providing a thinner laminate skin than prior art skins while exhibiting the same
strength in fastening positions, weight is also saved. As an aircraft comprises a large number of
airfoil laminate skins to be fastened to the sub-structures and the number of fastening
apertures thus is high, the total weight of an aircraft can be reduced, still achieving the same

strength of the bonds between laminate skins and sub-structures.

Thereby is achieved that the inserts, being arranged in the stack (wherein the stack is tailored
with a specific shape, e.g. serrated, stepped, hour glass shaped, lens shaped etc.), due to their
mutual positions relative each other, will provide the stack with a lateral outer surface area in

an optimal way in the laminate. |.e. the lateral outer surface of the stack has been displaced in
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a direction radial outward in comparison with prior art fastening elements, which exhibit

lateral surfaces corresponding with bore dimension of the apertures.

Thereby is achieved that the inserts, being arranged in the stack, together will exhibit and
serve as a massive metal collar, wherein each stack is capable to take up large axial clamp
forces generated by the fastening element due to influence of different forces on the skin and

structure during flight.

In such way is achieved that the apertures can be provided closer to the edge of the laminate
skin. This is reached by the reinforced areas surrounding the apertures. By providing the
fastening apertures close to the skin edge, flanges of the sub-structure can be designed more
narrow as the fastening elements (i.e. bolts) extending from the flanges can be positioned

more closely to each other (bolt beside bolt or bolt row beside bolt row).

Preferably, the inserts comprise stain-less steel or some other metal or metal alloy.

Preferably, the inserts are thin plates of rolled stainless steel (taking up high yield stress)
arranged in said stack. The thickness of each plate could be 0, 08 mm to 0, 15 mm or other

dimensions.

In such way is achieved that the laminate skin over long time will provide strength properties
for safe connection of the skin to the skin holding sub-structure. The use of stain-less steel
provides that no corrosion appears within the laminate skin. The use of aperture edge
reinforcement stain-less steel inserts embedded in the laminate skin within the portions
surrounding the fastening apertures implies that the laminate skin can be made thinner within
said portions than a current laminate skin. It has been shown by experiments by the applicant
that it is efficient to machine (drilling, orbital drilling etc.) the fastening apertures through the

inserts without leaving any formation of cutting in between the laminate plies.

Suitably, the inserts are made of anti corrosive steel alloy or aluminum (-magnesium) alloys or
titanium or other non-corrosive metal or/and with anti corrosive surface treatment. The
inserts may be adhered to each other by means of adhesive paste or non-corrosive adhesive

sealant paste and/or anti-corrosive primer.
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Preferably, the inserts are made of ceramic material. Suitable, the inserts comprises nano

reinforcement elements, such as carbon nano tubes CNTs, etc.

Alternatively, the insert is designed as a thick “puck” having at least one through bore. The
“puck” is embedded in the laminate and serves as a reinforcement displacing the stress from
the through bore edge to the periphery (envelope surface) of the “puck”. The “puck”
preferably comprises a composite material including a plastic with reinforcing fiber material.
The reinforcing fiber material may have different orientations in different positions of the
“puck” for matching the strength properties of the surrounding laminate. The “puck” may

have protrusions for engaging the laminate plies.

Suitably, the fastening aperture extends through a pre-determined number of inserts, which
number corresponds with the number of fiber reinforcement plastic plies stacked onto each

other.

Thereby is achieved a highly strengthened connection between an aircraft laminate skin and a

skin holding sub-structure.

Preferably, the fastening aperture extends through a pre-determined number of inserts, each
of which exhibits an extension in said plane so that the peripheral edges of the inserts form a
serrated interface, defining an engaging zone between the stack of plies and the stack of

inserts.

Suitably, the every second aperture edge reinforcement insert of a stack providing the
reinforced fastening aperture exhibits a smaller extension than the extension of intermediate
inserts between said every second insert. By arranging the inserts so that a toothed interface
is achieved by means of the edge peripheries of the inserts stacked onto each other, an
interface between plastic and metal will have an optimal lateral outer surface area decreasing
the clamp forces in the laminate. l.e. the lateral outer surface of the stack has been displaced

in a direction radial outward.

Preferably, the fastening aperture extends through a pre-determined number of inserts, each

of which exhibits an extension in said plane so that peripheral edges of the inserts together
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form a stepped interface, defining an engaging zone between the stack of plies and the stack

of inserts.

Suitably, the stack is lens shaped.

Preferably, the stack is hour glass shaped.

In such way is achieved that anchorage of the stack of inserts in the laminate is made, wherein
fiber reinforced plastic plies protrude into steps and/or onto inclining contact surfaces of the

stack, thus increasing the strength of the aperture edges.

Suitably, the insert is thinner than the thickness of the fiber reinforcement plastic ply into

which the insert is inserted.

Thereby is provided that an adhesive can be added to the contact surfaces (insert faces) for
providing a high strength of the aperture without the need of making the laminate thicker

within the area of the aperture.

Alternatively, the insert is thicker than the thickness of the fiber reinforced plastic ply into

which the insert is inserted so that the insert extends through more than two plies.

In such way is achieved a compact insert extending through the laminate, crosswise the plies.
Such embodiment will promote a cost effective production (less parts, could be just two
inserts forming the stack) at the same time as the compact insert provides high resistance

against stress.

Preferably, adjacent inserts, and face to face arranged inserts, are bond together via their

respective contact surface facing each other.
Suitably, the insert does not exhibit any sharp corners but exhibits a curved periphery.
In such way is achieved that each recess made in the fiber reinforced plastic plies will not have

any sharp angles or corners (seen in a direction towards the plane of the laminate skin) as the

recess wall follows the curved periphery of the fastening aperture edge reinforcement insert.
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This has also been solved by the features claimed by the method claim 10.

Thereby is achieved a method which efficiently can be used in the production of composite
laminate skins comprising a plurality of fastening apertures, each comprising a reinforced

aperture edge portion surrounding the respective fastening aperture.

In such way is achieved an effective production of composite laminate skins, having a plurality
of reinforced fastening apertures, each of which being adapted for encompassing a respective
fastening element. The strength of each fastening position especially promotes that the
aircraft skin can be made thinner, which saves weight and potentially reduces drag and

thereby fuel during flight.

Suitably, each aperture edge reinforcement insert being somewhat smaller in peripheral
dimension (seen in a direction toward said plane) and thinner (seen from side) than the

mating recess of the ply.

Preferably, the step of providing the plies with a plurality of recesses is made by cutting.

Suitably, the step of providing the plies with a plurality of recesses is made by punching.

In such way is achieved that the production can be made by means of automatic means (robot

apparatus) which is cost-effective.

Preferably, the step applying inserts into the recesses is also performed by a robot and also

the step of providing inserts is made by punching a metal plate by means of a robot.

Since the uncured or semi-cured plies, having the plurality of recesses, each having a
periphery greater than the periphery of a mating insert, are cut with recesses before curing
and gaps are present between the periphery of inserts and the periphery of recesses, a snug

fit between insert and ply will be due after curing and pressurizing of the lay-up.
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It has been shown by experiments by the applicant that a cost-effective machining of the
fastening apertures through the stack of inserts is guaranteed without leaving any formation
of cutting in between the laminate plies or inserts. This is made by the massive stack exhibiting

at least two inserts.

Preferably, the step of providing the ply comprising a plurality of recesses is followed by

insertion of the inserts into the recesses before a second ply is applied onto said ply.

This involves a cost-effective production of an aircraft composite laminate skin, which exhibits
high strength within skin areas comprising fastening apertures for fastening the skin to sub-

structures, such as ribs, stringers, beames, rib feet, etc.

Suitably, the step of applying the plies onto each other is repeated n times, wherein n being

the number of plies stacked onto each other for providing the composite laminate skin.

Preferably, the step of applying the plies (comprising the inserts) onto each other is repeated
n-1 times. It means that the finished laminate skin comprises one ply (e.g. pre-preg ply)

without any insert plates.

Suitably, the step of applying the plies (comprising the inserts) onto each other is repeated n/2
times. This means that a laminate skin (e.g. wing skin) may comprise fasteners just anchored
half way through the laminate thickness. This promotes laminar airflow, since the outer

surface, or aerodynamic surface, will be smooth without any fasteners.

Preferably, the step of providing the plies with a plurality of recesses is made by cutting or by

punching.

Preferably, the step of applying inserts into the recesses is performed by a robot and the step

of providing inserts is made by punching a metal plate by means of a robot.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described by way of examples with references to the

accompanying schematic drawings, of which:

Fig. 1 illustrates an aircraft comprising a composite laminate skin;

Fig. 2 illustrates a cross section of an airfoil according to prior art;

Fig. 3a illustrates a cross-section of a laminate skin according to a first embodiment;

Fig. 3billustrates a cross-section of a wing skin section according to a second embodiment;

Fig. 3cillustrates a cross-section of a wing skin section according to a third embodiment;

Fig. 3d illustrates a cross-section of a wing skin section according to a fourth embodiment;

Fig. 3e illustrates a cross-section of a fuselage skin section according to a fifth embodiment;

Fig. 3f illustrates a cross-section of a skin section according to a sixth embodiment;

Fig. 4a - 4g illustrate different shapes and contours of inserts;

Fig. 5 illustrates in a perspective view a set of stacks according to a seventh embodiment;

Fig. 6 illustrates a perspective view of a lay-up of plies with inserts;

Fig. 7 illustrates a method for producing the composite laminate skin; and

Fig. 8 illustrates a cross-section of a laminate skin comprising a divided insert promoting the
achievement of a pre-determined measure defined from aerodynamic surface to a reference

plane.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present invention will be described in detail with reference

to the accompanying drawings, wherein for the sake of clarity and understanding of the
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invention, some details of no importance are deleted from the drawings.

Fig. 1 schematically illustrates an aircraft 1 comprising a wing skin 3 of composite material. The
wing skin 3 includes skin sections 5, which being attached to a sub-structure (spar caps and rib

feet, etc., not shown) of the aircraft 1 by means of bolts (not shown).

Fig. 2 schematically illustrates a cross section of an airfoil according to prior art. A prior art skin
2 is attached to beams 4 by means of rivets 6. Ribs 8 extend chord wise within the airfoil. The
skin 2 is made thicker within areas of the skin being attached to one of the main beams 6. The
thickness t1 of the skin 2 is thicker than the thickness t2. For achieving a smooth aerodynamic
contour of the skin 2 and providing a smooth aerodynamic surface of the outer side of the skin
2, a spacer 10 is positioned between the rib 8 and skin 2 at position A. This means extra
manufacturer efforts and costs. Also would such a design involve unnecessary high weight of
the skin 2 and sub-structures (spacer 10). Leading edge skins 12 are often bond to the wing-

box skin by means of bolts. In case of bird impact, the leading edge skin 12 is replaced.

Fig. 3a schematically illustrates a closer view of a cross-section of a composite laminate skin 3
according to a first embodiment. The skin 3 comprises a plurality of fiber reinforcement plastic
plies 7 stacked onto each other and is comprised of a plurality of fastening apertures 9. Each
aperture 9 extends entirely through the laminate skin 3 in a direction orthogonally to the
plane P of the skin 3. Each fastening aperture 9 is adapted for encompassing a respective
fastening element 11, such as a bolt. The fastening aperture 9 extends through two aperture
edge reinforcement inserts 13 of stainless steel forming an hour glass shaped interface
between plastic and metal. Each insert 13 is thicker than the thickness of the fiber reinforced
plastic ply 7 into which the insert 13 is inserted so that the insert 13 extends through more
than two plies 7. A base contact surface 15 of the upperinsert 13 is parallel with a top contact
surface of the lower insert 13. The surfaces are bonded together by means of an adhesive
paste. The adhesive paste is also applied around the circumference of the insert and bonds the

respective ply with the insert 13.

Fig. 3b schematically illustrates a cross-section of a wing skin section 3 according to a second

embodiment. In this embodiment every second aperture edge reinforcement metal insert 13
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of the stack 17, strengthening the reinforced fastening aperture 9, exhibits a smaller extension
than the extension of intermediate inserts 13’ positioned between said every second insert 13.
The inserts 13, 13’ are sandwiched between fiber reinforcement plastic plies 7. By arranging
the inserts 13, 13’ in this way a toothed interface 19 is achieved. Every second ply 7 is
arranged between two inserts 13, 13’ facing each other. The aperture edge reinforcement
metal inserts 13, 13’ do not exhibit any sharp corners, but exhibit a curved periphery (seenin a
direction towards the insert 13, 13’ contact surfaces 15). See also Fig. 4a illustrating such
insert 13 from above. Fig. 4d shows that the metal insert 13 does not exhibit any sharp corners
even viewed from the side. The Fig. 3b is more or less schematic illustrating the positions of
the inserts 13, 13’. The thickness of each insert 13, 13" is about 0, 1 mm and the thickness of

the laminate skin 3 is about 3, 28 mm.

Fig. 3c schematically illustrates a cross-section of a wing skin section 5 according to a third
embodiment. In this embodiment the fastening aperture 9 extends through a pre-determined
number of aperture edge reinforcement metal inserts 13", which number corresponds with
the number of fiber reinforcement plastic plies 7 stacked onto each other. Each insert 13”
exhibits an extension in plane so that they form a serrated interface 19’, wherein the interface
19’ defines an interaction line L between the stack of plies 7 and the stack 17 of inserts 13”. In
Fig. 3cis also shown a portion of a rib foot 21 holding the skin 3 in position. A bolt 11’ extends
through the laminate skin 3. The inserts 13" are made of steel. A non-corrosive adhesive

sealant is applied on the surfaces of the inserts 13”.

Fig. 3d schematically illustrates a cross-section of a wing skin section 5 according to a fourth
embodiment. In this embodiment the laminate skin 3 comprises a plurality of fastening
apertures 9 extending partly through the laminate skin 3 in a direction 85 degrees (nearly
orthogonally) to the plane of the laminate skin 3. Each fastening aperture 9 is adapted for
encompassing a respective fastening element 11. The stack 17 of inserts 13" is not exposed in
the aerodynamic surface of the skin 3 and airflow AF which promotes laminar airflow. The

inserts are bond to each other and to the plies by means of epoxy based films.

Fig. 3e schematically illustrates a cross-section of a fuselage skin section 5 according to a fifth

embodiment. The fastening aperture 9 extends through a pre-determined number of aperture
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edge reinforcement metal inserts 13”"”. Each insert 13’ exhibits such an extension in plane
that the inserts 13" together form a stepped interface 19" defining the interface between
the stack of plies 7 and the stack of inserts 13””’. In such way is achieved anchorage of the
stack 17 of inserts 13" within the laminate skin 3. The fiber reinforced plastic plies 7 protrude
into spaces 23 between the opposing inserts 13”"” and increase the strength of the bond

between the plies 7 and the stack 17 of inserts 13",

Fig. 3f schematically illustrates a cross-section of a skin section 5 according to a sixth
embodiment. The inserts 13”"” are of the same dimension. This promotes effective
manufacture and time saving production. The aperture edge reinforced metal insert 13" is
thinner than the thickness of the fiber reinforced plastic ply 7 into which the insert 15 is
inserted. Thereby is provided that an adhesive film 25 can be added to one of the contact
surfaces 15 of the insert 13", This promotes high strength of the aperture 9 without the need

of making the laminate skin 3 thicker within an area of the skin 3 surrounding the aperture 9.

Figs. 4a to 4g schematically illustrate different shapes and contours of inserts. Fig. 4b
embodiment exhibits no pilot bore and the aperture is made after co-curing of the laminate

comprising the inserts.

Fig. 5 schematically illustrates in a perspective view a seventh embodiment, wherein inserts
13" of same dimension are stacked onto each other. By arranging the oval inserts 13"’
diagonal to each other, a toothed interface between the plastic plies and the stainless steel
inserts is achieved. The design (shape and composition) and orientation of each insert are
adapted to the anisotropy of the composite plies. The shapes and orientations of the inserts of
each stack are thus adapted to a specific rated load or stress acting on the laminate area

surrounding the aperture and on the plies.

Fig. 6 schematically illustrates a view in perspective of semi-cured resin impregnated fiber
plies (pre-pregs) 7. Ribs 27 (sub-structure) are shown schematically. The laminate skin to be
produced comprises twenty five plies 7, but only four are shown. The uppermost ply 7 is in
contact with the ribs 27. The next ply 7 below the uppermost ply 7 comprises recesses 29 into

which metal predrilled (pilot bore) inserts 13 are inserted. The inserts are punched from a thin
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plate of rolled stainless steel by means of a robot apparatus 36. Such stainless steel alloy will
take up high yield stress. The thickness of each plate is 0, 10 mm and the pre-preg ply is 0, 131
mm. After compression and curing the stack of plies will adapt a more compact design (the
laminate could vary in thickness), but the stacks of inserts 13 will always have the same
thickness. This promotes that a fastening to the substructure always will mean that proper
dimensions are transferred from a reference plane (se Fig. 8) to the aerodynamic surface for
optimal air flow reducing aircraft fuel consumption. All plies 7 are stacked onto each other.

Each ply 7 comprises recesses 29 into which the inserts 13 are inserted.

The method for producing the composite laminate skin is performed as follow and the steps

illustrated schematically in Fig. 7.

The method is provided for producing a composite laminate skin 3 (see for example Figs. 3e, 3f
etc.) comprising a plurality of fiber reinforcement plastic plies 7 stacked onto each other.
Fastening apertures 9 (see e.g. Figs. 3e, 3f etc.) extend entirely or partly through the laminate
skin 3 normal or essentially normal to a plane P (see for example Fig. 3a or 3d) of the laminate
skin 3. Each fastening aperture 9 extends through the metal insert 13. The steps are provided
with reference to Fig. 7:

100: Providing uncured or semi-cured fiber reinforcement plastic plies 7;

200: Providing a plurality of metal inserts 13;

300: Providing the plies 7with a plurality of recesses, each having a periphery greater than the
periphery of a mating insert 13;

400: Applying inserts 13 into the recesses;

500: Applying the plies 7 onto each other providing a lay-up;

600: Curing the lay-up in a curing tool;

700: Removing the finished laminate skin 3 from the curing tool; and

800: Machining the laminate skin 3 providing said fastening apertures 9.

The step of providing the plies 7 with a plurality of recesses 29 is made by cutting by means of
a robot apparatus 35. Also punching the inserts 13 from a metal sheet (not shown) is made

automatically and the placement of the inserts 13 into the recesses 29 of the plies is made by
a robot means 36. The lay-up is provided with a vacuum bag and vacuum (suction pressure) is

applied and the lay-up is further moved to an autoclave for curing.
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Thereby is achieved a method which efficiently can be used in the production of aircraft airfoil
composite laminate skins comprising a plurality of fastening apertures each comprising a

reinforced aperture edge portion surrounding the respective fastening aperture.

Fig. 8 schematically illustrates a cross-section of a laminate skin 3 comprising pairs of divided
inserts 13. The stacks 14 of inserts 13 promote the same dimension d defined from
aerodynamic surface AE to a reference plane RP. In such way is achieved an efficient way to
eliminate eventual shims between skin and substructure, still providing a smooth aerodynamic

surface without any buckles.

The present invention is of course not in any way restricted to the preferred embodiments
described above, but many possibilities to modifications, or combinations of the described
embodiments, thereof should be apparent to a person with ordinary skill in the art without
departing from the basic idea of the invention as defined in the appended claims. The inserts
are preferably flat and made of stainless steel, but other shapes and materials can be used.
The thickness of the insert can be within the range of 0, 05-0, 15 mm or other ranges. The
wideness of the insert can be 10-50 mm or of other dimensions. The thickness of the insert
could also be larger, such as up to 10 mm or larger. The wideness of the insert could also be

100 mm for specific applications.

Of course, it is also possible that adjacent and face to face arranged inserts are bond together
via their respective contact surface facing each other. There can be arranged one or several
ply portions between two inserts facing each other. The ply portions are defined as areas
surrounding the aperture and forming the aperture. The laminate skin may comprise twenty
fiber reinforced plastic plies (or less) and up to fifty plies. Of course, the laminate skin could
comprise more than fifty plies. It could comprise up to one hundred or even up to five
hundred plies. The stack and laminate skin can of course be of various thicknesses depending
upon application. The stack can be formed by only one insert. Alternatively, the insert is
designed as a relative thick “puck” extending transverse through several plies, the “puck”
having at least one fastening aperture. The “puck” can be embedded in the laminate and
serves as a reinforcement displacing the stress from the aperture bore edge to the periphery

(envelope surface) of the “puck” merging witht the laminate plies. The “puck” preferably
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comprises a composite material compring a plastic embedded with reinforcing fiber material
(e.g. carbon fibers, carbon nano tubes etc). The reinforcing fiber material may have different
orientations in different positions of the “puck” for matching the strength properties of the
surrounding laminate. The “puck” may have protrusions comprising the reinforcing material
for engaging the laminate plies. The word “insert” can be replaced by the word “patch” or
“enclosure”, “disc” or “plate” or the words “embedded washer”, “divided reinforcement

bodies” etc.
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CLAIMS

A composite laminate skin comprising a plurality of fiber reinforced plastic plies (7)
stacked onto each other, the laminate skin (3) comprises a plurality of fastening
apertures (9), each of which extending entirely or partly through the laminate skin (3) in
a direction essentially orthogonally or orthogonally to the plane (P) of the laminate skin
(3), each fastening aperture (9) being adapted for encompassing a respective fastening
element (11), characterized by that the fastening aperture (9) extends through a

tailored stack (14, 17) of at least two inserts (13, 13’, 13", 13", 13", 13"""").

The laminate skin according to claim 1, wherein the inserts (13) comprise metal.

The laminate skin according to claim 1 or 2, wherein the inserts (13) comprise stain-less

steel.

The laminate skin according to any of claims 1 to 3, wherein the fastening aperture (9)
extends through a pre-determined number of inserts (13), which number corresponds

with the number of fiber reinforced plastic plies (7) stacked onto each other.

The laminate skin according to any of the preceding claims, wherein the fastening
aperture (9) extends through a pre-determined number of inserts (13, 13’), each of
which exhibits an extension in said plane (P) so that the peripheral edges of the inserts
(13, 13’) form a serrated interface (19), defining an engaging zone between the stack of

plies (7) and the stack of inserts (13, 13’).

The laminate skin according to any of the preceding claims, wherein the fastening
aperture (9) extends through a pre-determined number of inserts (13), each of which
exhibits an extension in said plane (P) so that peripheral edges of the inserts (13)
together form a stepped interface (19’), defining an engaging zone between the stack of

plies (7) and the stack of inserts (13).
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The laminate skin according to any of the preceding claims, wherein the insert (13) is
thinner than the thickness of the fiber reinforced plastic ply (7) into which the insert (13)

is inserted.

The laminate skin according to any of the preceding claims, wherein the insert (13) is
thicker than the thickness of the fiber reinforced plastic ply (7) into which the insert (13)

is inserted so that the insert (13) extends through more than two plies (7).

The laminate skin according to any of the preceding claims, wherein the insert (13) does

not exhibit any sharp corners but exhibits a curved periphery.

A method for producing a composite laminate skin (3) comprising a plurality of fiber
reinforced plastic plies (7) stacked onto each other, fastening apertures (9) extend
entirely or partly through the laminate skin (3) normal or essentially normal to the plane
(P) of the laminate skin (3), each fastening aperture (9) extends through a tailored stack

(14) of at least two inserts (13), the method comprises the steps of:

-providing uncured or semi-cured fiber reinforced plastic plies (7);

-providing a plurality of inserts (13, 13’, 13", 13", 13", 13"""’);

-providing the plies (7) with a plurality of recesses, each having a periphery greater than the

periphery of a mating insert (13, 13’, 13", 13", 13", 13""""’);

-applying the inserts (13, 13’, 13", 13", 13", 13"’} into the recesses;

-applying the plies (7) onto each other providing a lay-up;

-curing the lay-up in a curing tool;

-removing the finished laminate skin (3) from the curing tool;

-machining the laminate skin (3) providing said fastening apertures (9).

11.

12.

The method according to claim 10, wherein the inserts (13) are comprise metal.

The method according to claim 10 or 11, wherein the inserts (13) comprise stain-less

steel.
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13. The method according to any of claims 10 to 12, wherein the step of providing the ply
(7) comprising a plurality of recesses (29) is followed by insertion of the inserts (13) into

the recesses (29) before a second ply is applied onto said ply (7).

14. The method according to any of claims 10 to 12, wherein the step of applying the plies
(7) onto each other is repeated n times, wherein n being the number of plies stacked

onto each other for providing the composite laminate skin (3).
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