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FOR  MANUFACTURING HOLLOW  REINFORCEMENT

i

STRUCTURES INTERSECTING ONE ANOTHER

The present invention relates to a method to

manufacture reinforcement structures, for example designed

to stiffen a panel or a structure, preferably 1n the

aeronautical field. Reinforcement structures according to

the present 1nvention are made of a composlte material and

are hollow on the 1nside. Reinforcement structures

according to the present 1nvention are especilially suitable

for panels or aerostructures, which are made of a composite

material, as well. The method according to the present

invention allows the manufacturing of structures

ﬁ

lntersecting one another, so as to obtain deslred stiffness

features 1n said panel or aerostructure.

Panels or structures 1n general 1n the aeronautical

F

field require a high structural efficiency. The need to

reduce weilights and, at the same time, ensure high-quality

mechanical features of the panels or aerostructures over

the course of time has led to the development and use of

materials and configurations that are more and more
optimilized.

Sandwlch panels are known, which comprise two thin

outer lamlnate face sheets, whilich are made of a composite

material and are spaced apart by a c¢core made of 1light

material, such as for example honeycomb structures or foam

materials, etc..

Aerostructures can typically be represented as an

assembly of skins or laminates made of a composite

material. The use of composite materials to manufacture

panels allows constructors to obtaln high performances,
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especlally to bear the loads to which the panels are
subject.

Furthermore, panels or structures are known, which are

made of a composlite material and do not use an 1ntermediliate

P

"ness for

layer made of a light materilial. The necessary st

this type of panel or aerostructure 1s obtalned by means of

local and discrete reinforcements. These reinforcements are

made of a composlite material consisting of skins and

ﬁ

stiffeners obtained by means of a polymerilization process,

1n particular c¢o-curing or silmultaneous polymerization

process, 0 which the composite material of all the

components that are part of the panel or structure are

subject. This has brought to the attention of constructors

some hard limits of the technology avallable for

manufacturing these reinforcements. Reinforcements are

normally arranged along one single direction, namely

longitudlinal or transverse, for example relative to a plane

deflined by the panel or aerostructure.

Reinforcements are known, which are manufactured by

means of hollow structures made of a composlte material.

The processes carried out to manufacture these hollow

structures use lamination mandrels. These mandrels are

arranged on the panel or structure so as to be covered by

laminates, normally made of carbon, which determine the

ﬁ

st1ffness of the panel or structure. After the

polymerilization step performed to stiffen the hollow

structure, the mandrel must be removed.

Normally, the methods wused to manufacture hollow

reinforcement structures comprilise the step of manufacturing
sald hollow structures along directions that are parallel

to one another.
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Reinforcement or stiffenling structures 1ntersecting

one another can be manufactured with a method 1n which,

during a first step, the hollow structures arranged along a

particular dilrection are manufactured and then cured or

polymerized; after the filirst step, hollow structures

normally arranged 1n a direction that 1s perpendicular to

the first one are manufactured and, subsequently, a second

polymerization step 18 performed, during which the
structures are cured 80 as To stiffen tThe new hollow
stTructures.

The manufacturing method 1mplemented by the prior art

can scarcely be automated due to the 1Impossibility to
simultaneously manufacture hollow reinforcement or
stiffening structures along directions that are different
form  one another, in particular converging and/or
lntersecting.

Salid hollow structures have a cross section that can

have a different shape depending on the shape of the

mandrel.

The shape of the mandrel 1tself can 1ncrease or reduce

the possibility to manufacture hollow reinforcement or

B

stiffening structures 1ntersecting one another. It 1s

widely known that the i1ntersection of hollow reinforcement

F

or stiffening structures with a trapezoidal or “Q"-shaped

Cross section turns out to very hard to manufacture, since

ﬁﬁ

1t requlres a further manufacturing effort, for example to

ST S

laminate 1ntersection points. This manufacturing effort

leads to an 1ncrease 1n manufacturing costs.

A further technical problem arising from the solutions

suggested by the prior art relates to the possibility of

removing, for example extracting, the mandrel after the
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gsti1f

difficult

polymerization step.
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for The mandrel to be extracted
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"enling structures, have Dbeen manufactured makes
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or
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The object of the present 1nvention 1s to solve the

~acture hollow reinforcement or sti

Mallll.

_hat

ﬁ

are not parallel to one another and,

intersect one another.

method to manu:

One aspect of

the present 1nvention

~acture hollow reinforcement

above by 1Implementing a new method to
"enlng structures

for example,

relates to a

Or st

cenling

structures having the features set forth i1n appended claim

1.

Further accessory features are set

appended dependent claims.

forth 1n

the

A further aspect of the present 1nvention relates to a

panel according to claim 10, on which hollow

reinforcement

structures are manufactured.
The features and advantages of the method Lo
manufacture hollow reinforcement or stiffening structures

w1l

detaililed description with reference to the

be best understood upon perusal of

drawlings, which show

On

o figures 1A

which hollow

Mallll

"actured; 1n particular,

ﬁ

what follows:

the following

accompanyling

and 1B show a panel or aerostructure

reinforcement structu

1n a specific embodiment that 1s not flat

wlthout rein:

"orcement structures, whereas figure 1.

res Call

be

figure 1A shows only the panel

, but curved,

B sShows
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ﬁ

the panel of figure 1A with reilinforcement structures,

which, by way of example, are arranged so as to be

perpendicular to one another;

I

o figure Z shows a detaill of a polnt O:

intersection of two hollow reinforcement structures that

are arranged perpendilicular to one another and shown 1n

figure 1B;

o figures 3A and 3B show c¢ross sections of the

panel comprising hollow reilnforcement structures; 1n

particular, figures 3A shows a hollow reinforcement

structure and figure 3B shows a polnt of 1ntersection

between two hollow reinforcement structures;

o figure 4 shows an embodiment of the mandrel used

1n the method according to the present i1nvention;

ﬁ

o figures 5S5A and 5B show a view from above of

different panel embodiments, for example flat panels 1n

which the reinforcement structures 1ntersect one another at

different angles.

With reference to the filigures mentioned above, the

method to manufacture a plurality of hollow reinforcement

structures 3 for panels “P” or aerostructures comprilses the

followlng, preferably consecutive, steps:

a) positioning at least one mandrel 2 on the surface

of a panel “P” 1n correspondence to each hollow structure 3

CO0 be manufactured;

) laminating at least one composite material layer

4 on top of each mandrel 2;
C) polymerizing sald panel “P” on which said at

least one composlte material layver 4 1s applied;

d) removing sald at least one mandrel 2 from the

hollow structures 3.
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The arrangement and/or shape of said at least one

ﬁ

mandrel 2 1s such that at least two of said hollow

reinforcement structures 3 are not parallel to one another

and, for example, are convergent, preferably 1ntersecting.

For the purpose of the present 1nvention, the term

pranel *“P” means a structure or aerostructure, for example

the skin, under the hollow structures 3 according to the

present 1nvention. Said panel “P” 1s an element on 1tself,

on which the hollow structures 3 accordling to the present

invention are manufactured. Figure 1A shows an explanatory

F

embodiment of panel “P”.

The 1ntersection of at least two hollow reinforcement

structures 3 defines an i1ntersection point 31.

In an explanatory and non-limiting embodiment, at

least two hollow structures 3 1ntersect one another 1n a

perpendicular manner, as shown by way of example 1n figure

1B.

I

Figures O5A and 5B show equivalent embodiments of

reinforcement structures 3, 1n which two or more structures

3 1ntersect one another 1n i1ntersectilion polnt 31 1n a non

perpendicular manner. In particular, said hollow structures

3 have different 1ntersection angles. The selection of the

angle of 1ntersection between two or more hollow structures

P

3 depends on the reinforcement and stiffening conditions

requested for specific panel #“P” or aerostructure.

Panel #“P” or aerostructure normally comprises an outer

surface, which 1s substantilially visible when the panel or

aerostructure 1s positioned, for example, on an alircraft or

F

; and an 1nner surface, whilich 1s not

a portion thereo:

vislible when saild panel or aerostructure 1s positioned, for

example, on an alrcraft or a portion thereof. Panel “P” can
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be assoclated with a plurality of hollow reinforcement

structures 3 accordiling to the present 1nvention.

Panel #“P” or aerostructure can be flat, as shown for

example 1n filigures 5A and 5B, or curved, as shown for

example 1n figures 1A and 1B.

To manufacture the hollow structures 3 1ntersecting

one another on said panel “P”, the method according to the

ﬁ

present lnvention comprilses a single step o) of

polymerizing said panel “P”, to polymerize all the hollow

reinforcement or stiffening structures 3, preferably for

all the hollow structures 3 arranged on each panel “P” or

aerostructure.

The hollow structures 3 manufactured on a panel “P”

can be manufactured by means of a plurality of mandrels 2,

which are properly arranged so0 as to manufactures hollow

structures 3 1ntersecting one another. In an alternative

embodiment, the hollow structures 3 manufactured on a panel

“P” can be manufactured by means of single mandrel 2, which

1s shaped so as to manufactures more than one hollow

structures 3 1ntersecting one another. In the latter

embodliment, mandrel 2 1s shaped so as to create more than

one hollow structures 3, for example all the hollow

structures 3 that have to be manufactured on said panel “P”

Oor aerostructure, for example on a single panel “P” or

aerostructure. Figure 1B shows a panel on which there are

manufactured hollow reilnforcement structures 3 1ntersecting

one another, 1n particular three hollow structures arranged

horizontally and three hollow structures arranged

vertically, the latter hollow structures beiling arranged so

as to be perpendicular to the former three hollow

structures. The hollow structures 3, shown for example 1n
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figures 1B, 5A and 5B, c¢an be manufactured by means of a

plurality of mandrels 2 or by means of a single mandrel Z.

Furthermore, mandrel 2 determines the shape of the

cross section of the hollow structure 3.

The hollow structures 3 have a cross section defining

an opening 30.

ﬁ

The ¢ross section O mandrel 2 allows the hollow

structure 3 to be manufactured with an opening 30 having

the desilired shape.

In an explanatory and non-limiting embodiment, the

F

cross section of said hollow structure 3 defines an opening

wlth a trapezoidal shape. In order to manufacture hollow
structures 3 with a trapezoidal opening 30, a mandrel 2 1s
used, which has a <c¢ross section with a substantially

trapezoidal shape, as well.

In general, the section of the hollow structure 3 that

defines opening 30 has a shape depending on the shape of
the mandrel used. One can use mandrels 2 wilth a circular

section or with a polygonal sectilion.

— '

one examlnes more 1n detall the steps to be

performed to manufacture the hollow structure 3, the step

ﬁ

a) of positionling at least one mandrel 2 on the surface of

a panel #“P” precisely conslsts 1n positionling one oOr more

ﬁ

mandrels 2 on the surface of a panel “P”.

Preferably, said mandrels 2 are poslitioned on the

ﬁ ﬁ

surface of the i1inner face of panel “P” or aerostructure.

ﬁ

The number of mandrels 2 used depends on the number

and shape of hollow structures 3 to be manufactured. For

F

example, 1n case of small-sized panels “pr or

aerostructures, 1f necessary having a small number of
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lntersection polnts 31, one can manufacture the desired
shape with a single mandrel 2.
Sald at least one mandrel 2 1s positioned on the panel

“P” 1n the point where the hollow structures 3 having an

opening 30 have to be manufactured. In particular, said at

least one mandrel 2 1s positioned 1n the polnts where the

panel “pr or aerostructure needs a structural

reinforcement.

After saild at least one mandrel 2 has been positioned

1n the positions 1n which the hollow structure 3 has to be

manufactured, one can move on to the following step b) of

laminating at least one composlite material layer 4 on top

of each mandrel 2.

The composite material layer 1s laid on top of mandrel

2, also 1n contact with panel #“P”, and 1s lamlnated so as

to obtaln a surface that 1s as linear as possible.

The lamination continues until the desired thickness

1s reached and/or all mandrels 2 used to manufacture the

hollow structures 3 are covered.

For the purpose of the present description, the term

"linear surface" means a surface, even a curved one, which

does not have undesired wrinkles.

At the end of the lamlination, a panel 1s obtalned,
which contains adjusted mandrels that guide 1ts geometries.

After having poslitioned one or more composilite material

layers 4, so as to cover said at least one mandrel 2 and

panel #“P” where a reinforcement of the panel 1tself 1s

ﬁ

needed, one can move on to the followlng step ¢) 03

polymerizing said panel “P”.
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The polymerization takes place by means of a curing

process, for example by heating panel “P” where said at

least one composite material layver 4 has been laid.

More  preferably, the polymerlzation step <¢C) 1S

performed by means of a co-curlng process, preferably 1n

autoclave.

Panel “P” or aerostructure 1s preferably polymerized

ﬁ

by means of a specific thermobaric cycle of the matrix of

the composite material wused. Said thermobaric c¢cycle 1s

preferably carried out by using an autoclave, so that said

at least one composilite material layer 4 correctly adheres

ﬁﬁ

to panel “P” and stiffens.

— '

f necessary, during sald step <), mandrel 2 can

ﬁ

expand before the heating stiffens the composite material

laver 4, so0o as to widen the si1ze of opening 30 of the

hollow structure 3, anyway malntaining the dimensions

indicated 1n the manufacturing data sheets. The possible

P

expansion of mandrel 2 1s limited by the sti

enling of the

laminated composilite material layvers 4, thus determining the

dimensions of openings 30 of the hollow structures 3.

Advantageously, a subsequent i1ntermediate cooling step

1s provided, which takes place after the polymerization

step ¢) and causes the shrinkage of sald mandrel 2.

At the end of the polymerization step ¢) one can move

on to the step d) of removing said at least one mandrel Z

from the hollow structures 3.

In general, the method according to the present

i1nvention uses mandrels 2 that are water-soluble. These

water-soluble mandrels are able not to undergo structural

varliations durilng the polymerization step. Sald mandrels 2,
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for example, are made of an 1nert material, preferably a

powder with a water-soluble binder.

In general, 1rrespective o0of the technical features

mentioned above, the use of said at least one mandrel 2

made of a water-soluble materilial helps 1mplement the method

to manufacture hollow structures, for example 1ntersecting

one another, by means of a single polymerization step b),

preferably for all the hollow structures 3 1ntersecting one

another.

In the preferred embodiment of the method, prior to

che step d) of removing mandrel 2, there 1s a further step

d0) of perforating the hollow reinforcement structure 3.

With said perforation step dO0) one can manufacture an
opening that 1s such as to allow mandrel 2 to be removed or

extracted 1n case there 1s no outlet hole.

The use of water—-soluble mandrels 7 allows

constructors to manufacture holes with a diameter that 1s

much smaller than the 1nitial diameter of mandrel 2.

Through these holes 1n the hollow structure 3 the dissolved

mandrel can be removed, for example poured and/or spilled

1n sultable storing contalners.

After the removal step d), the method comprises a

further step 1n which panel “P” or aerostructure 18

properly trimmed. After the trimming step, the panel 1s

provided with gaskets, so as to allow panel “P” or

aerostructure to be positioned, for example on an aircraft.

The present method to manufacture hollow reinforcement

structures 3 1s stable to be carried out and, furthermore,

1s particularly simple, since 1t does not requlre the use

of further devices compared to the method 1Implemented 1n

the prior art.
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The method Lo manufacture hollow structures 3

ilntersecting one another can be 1mplemented with any type

ﬁ

of panel “P” or aerostructure provided with any shape, both

flat and curved, for example comprising 1nflexion polnts or
saddle points.

Furthermore, the method according to the present

invention allows manufacturers to reduce productlion costs,

as all the hollow structures are manufactured 1n one single

step, thus reducing the lamination and polymerizatlion steps

ﬁ

and eliminating the c¢leaning of the hollow structure 3 and

"he removal of the mandrel.

In detail, the method according to the present

invention 1S able Lo manufacture all the hollow

reinforcement structures 3 of a panel “P” by performing one
single lamination step b) and one single polymerization
step ¢).

The method accordling to the present 1nvention can be

implemented 1n an automatic manner by means of automatic

systems. For example, by means of systems used to position

sald at least one mandrel 2 on panel “P” and by means of
automatic systems to lay and lamlnate composite material
layers 4.

The method can be largely automated thanks to the

posslibillity (e manufacture the hollow structures 3

intersecting one another by means of a single step of the

process, 1n particular by means of a single polymerization

step c¢). The method according to the present 1nvention
allows all the hollow structures 3 that have to Dbe
manufactured on a panel “P” or aerostructure to be

manufactured 1n one si1ngle manufacturing step, without the

repetition of steps of the method.
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13
The automation of the method, for example, 1S
1mplemented by means o0of an automated fiber placement

system, also called AFP system, to place composite

materials on a lamination mold. On said lamination mold

there are 1nstalled one or more mandrels 2, preferably
water-soluble. Saild mandrels 2 are dedicated, as they have
geometries and consistencies that are such as to allow

composlite material layers 4 to be laid on them 1n an

automated manner. The automatic lamination of layers 4

continues until a predetermined thickness is reached and/or

all the mandrels avallable are covered.

At the end of the lamination, a panel 1s obtalned,

which contalns adjusted mandrels guldling 1ts geometries and

1s ready for the single cycle 1n autoclave.

After the simultaneous polymerization of all the
hollow structures 3 avallable on panel “pr or
aerostructure, the panel 1s perforated by means of a

machine tool and the mandrels are removed. The removal of

mandrels 2, 1n the preferred embodiment, takes place
through thelr dissolution.
Agaln, panel #“P” or aerostructure 1s properly trimmed

and the gaskets are applied, so as to allow panel “P” or

aerostructure to be positioned, for example on an alrcraft.

Furthermore, the use o0of water-soluble mandrels 2 to

manufacture the hollow structures 3 allows mandrels 2 to be

manufactured 1n the desired shapes. The use of prior art

mandrels to manufacture 1ntersecting hollow structures 3

would lead to the 1mpossibility for operators to remove the

mandrels from the hollow structures 1n an easy manner.
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present 1nvention 18

production of hollow

for aircrafts.

This 1ntegrated reinforcement geometry can also Dbe

used 1n panels for nacelles or panels for aircraft that

P

requlire stiffening.

The method according to the present 1nvention allows

constructors TO manufacture

ﬁ

gsti1f

particularly efficient manner.

"ened panels 1n a

In particular, the

confliguration described 1n thilis document was conceilived tO

fulfill the needs of the aeronau
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CLAIMS:

1. Method toc manufacture a plurality of hollow

reinforcement structures (3) for panels (P) or

aerostructures in which at least two of said hollow
reinforcement structures (3) intersect one another;

the method comprises the following consecutive steps:

a) positioning one or more mandrels (2) on the surface of a
panel (P) in correspondence to each hollow structure (3)
to be manufactured;

b) laminating at least one composite material layer (4)

on top of each mandrel (2);

C) polymerizing said panel (P} on which said at least one

composite material layer (4} is applied, in a single step

of polymerization for all the hollow reinforcement

structures (3}

d) removing said one or more mandrels (2) from the hollow

structures (3):;

characterized in that:

. said step of positioning said one or more mandrels 1s
such that a single mandrel (2} is provided, which is shaped
so as to manufacture hollow structures (3} that 1intersect

one another;

° said step of removing said one or more mandrels (2)
from the hollow structures (3) take place through theilr
dissolution, being said one or more mandrels (2) water-
soluble mandrels.

2. Method according to c¢laim 1, wherein, prior to the
step d} of removing the mandrel (Z2), there 1s a step d0) of
perforating the hollow reinforcement structure (3).

3. Method according to claim 1, whereln a single

lamination step b) 1s provided.

AMENDED SHEET
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4. Method according to claim 1, wherein the method 1is
implemented in an automatic manner by means of automatic
systems.

5. Method according to claim 1, wherein the
polymerization step is performed by means o©of a co-curing
process in autoclave.

6. Method according to <c¢laim 1, wherein the hollow
structures (3} have a cross section that defines an opening
{(30) with a shape that depends on the shape of the mandrel
{2) used.

7. Method according to c¢laim 2, wherein a subsequent
intermediate cooling step 1is provided, which takes place
after the polymerization step ¢) and causes the shrinkage
of said mandrel (2).

8. Panel or aerostructure (P) comprising:

- an outer surface, which is visible when the panel or
aerostructure is positioned, for example, on an aircraft;
and

- an inner surface, which is not visible when said panel or
aerostructure is positioned, for example, on an aircraft;
said panel (P) 1is associated with a plurality of hollow
reinforcement structures (3), which are manufactured

according to the method of claims 1-7.

AMENDED SHEET
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