Office de la Propriete Canadian CA 2635363 A1 200/7/07/05

Intellectuelle Intellectual Property
du Canada Office (21) 2 635 363
v organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2005/12/29 (51) CLInt./Int.Cl. B29D 37/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2007/07/05 B29C 65/00(2000.01), B29C 70/66(2000.01)
: : - _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2008/06/27 AIRBUS ESPANA S.L. ES
(86) N° demande PCT/PCT Application No.: ES 2005/070185
) o o (72) Inventeurs/Inventors:
(87) N publication PCT/PCT Publication No.: 2007/0741/8 GARATE FEL, ENRIQUE, ES:

REDONDO VARA, ENRIQUE, ES;
SANCHEZ GOME/Z, JOSE, ES;
RUISECO SALGADO, RAFAEL, ES;
SERRANO VELAZ, CESAR, ES

(74) Agent: BERESKIN & PARR

(54) Titre : PROCEDE DE FABRICATION DE STRUCTURES DE MATERIAUX COMPOSES A L'AIDE D'OUTILS PRE-
SECHES INTEGRES

54) Title: METHOD FOR PRODUCING STRUCTURES FROM COMPOSITE MATERIALS, INCLUDING EMBEDDED
PRECURED TOOLS

T L SURE Wt
;L'" ‘-\'." .
- L LR e—
L]
o v A .':'_.'.
L L R S b ‘g® °
Y. e -
- - -
> e o
- L . .o -
I S‘:.?:. oD :._.\\'.
i . - Sy - . i
T -;é.k-,_cs-:i ‘N N \‘.3‘:"‘
- - " Y. -
LR . ' ' ' . . ]
e AN Sl Ty IR o Sy
i g - ST N A N
.. R *" =
. et KRS
.......... . ..-'_ x e
PR N - a s
l- - l‘ .- - l.
P o e T L ek
‘‘‘‘‘‘‘‘‘‘‘‘ ‘:.‘..-- . :
e ) o
aaaaaaaaaaaaaaaaaaa R A e Dl D el R g
. - -
i v
- RN LERER ]
P S S - .‘} '
L rmemnuy iy P
e s N
. ., N L v
c - - s e e .. .
....... sl = .'\,“1 - ., -
. - - . .
....... EIEh IO b S IR L
- o Mo .
- \n'lq ------
. . - m oo
'.'t'}‘.'ll T EEE LS
AR e ey
""" }zuaaanun\ub
Tis . L -
e - T I BRI
e . " .
....... -
...... — "
. ar . . -
- e
............. \. .‘-. . -.‘.} 1y
- ~ - -
T
ST
L} . . . L] . .- .
------ ) 1 .
iy - ' . -‘.--'I‘ '
' .
.......
e i
-~
..'n .
IIIIII .I . .
G -
l.'. ..\_\
.
o
-
S SR, |
TN
- l..‘.' .
OOOOOTICET
) I
e N
.' '-‘.'.. -’
R " -
N .
...\ n
..-'.. .:
. )
ol
lII

-------
. - .

e M

-------

........
.................
...........

S S DY Y
R 3 SR e
........ RO SRS
\ ....-... 1 1

........
I L L R R R R R LA N R

............
-------------------------------------------------------
.....................

R R e L R R R AR R R LR R R R R R R

(57) Abréegée/Abstract:

The invention relates to a method for producing structures from composite materials, which are formed by two sub-components of
the same material. The Invention I1s characterised In that it comprises the following steps consisting In: obtaining a first sub-
component (13), In particular a skin; obtaining a tool (15) which Is made from a composite material in the precured state and which
IS used to produce the second sub-component (1/7), In particular a stiffener; positioning the tool (15) on the first sub-component
(13); applying the pre-impregnated composite material (21) against the tool (15) in order to form the second sub-component (17);

and strengthening the structure using a process consisting in curing the assembly that was produced during the previous steps
under suitable pressure and/or temperature conditions.
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ABSTRACT
The present invention relates to a PYoOCess for

manufacturing composite structures formed by two subcomponents

of the same material, characterized in that it comprises the

5 following steps: providing a first subcomponent (13),

particularly a skin; providing a tool (15) made of a composite

and precured for the manufacture of the second subcomponent (17),

particularly a stiffener; positioning said tool (15) on said

first subcomponent (13); applying preimpregnated composite (21)

10 on said tool (15) so as to form the second subcomponent (17);

—

consolidating the composite structure by means of a process of

curing the assembly resulting from the previous steps under

suitable pressure and/or temperature conditions.

15 Figure 3
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METHOD FOR PRODUCING STRUCTURES FROM COMPOSITE MATERIALS,
INCLUDING EMBEDDED PRECURED TOOLS

FIELD OF THE INVENTION
The present invention relates to a process of manufacturing

composite structures, and more particularly to a process 1n

which at least one tool used for shaping one of 1ts
subcomponents remains embedded in the structure.
BACKGROUND OF THE INVENTION

In the aerospace industry today, mainly organic matrix and
continuous fibers composites based on epoxy resins and carbon

fibers are massively used.

The level of use of this type of structures has gradually
increased, particularly 1in the aeronautics industry, until
reaching the present situation in which epoxy matrix and carbon

fiber composites can be considered the option used most in a

wide variety of structural components. This situation has forced

and continues to force the development of manufacturing

processes capable of producing components with the required

quality in a repetitive manner and with a manufacturing cost

that is appropriate for the component to be manufactured. The

tool plays a fundamental role in this aspect, so the elimination

or reduction thereof is one of the key points in making the
production process less expensive.
It can generally be considered that a large integration of

components in a single manufacturing cycle implies a very

complex and therefore expensive and difficult to use tool system.

On the other hand, the manufacture of simple components Jjolned

together in a final bonding or riveting process usually implies

N

much simpler tools and less costly and more reliable systems O:

manufacturing the components themselves. However, this last

i

system has obvious disadvantages from the point of view of the

complexity of the production system as a large number of

components must be worked with, and from the point of view of

the structure itself as it implies complex surface preparation

systems prior to bonding and, of course, a final product welght
increase.

Tt therefore seems evident that any production system that
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allows producing components with a high structural 1integration
level but with a reduced or 1nexilistent tool system will resolve

the drawbacks indicated above, which allows producing more cost-

effective structures while at the same time having a high

-

integration level and therefore lower final weight.

-

The known processes of manufacturing organic matrix and

continuous fiber composite structures, using both co-cured, co-
bonding or secondary bonding systems, are always based on oven,

vacuum bag and/or autoclave curing systems with a tool that 1is

external to the component to be manufactured, which has a

varliable complexity level according to the complexity and level

of responsibility of the final piece to be manufactured.

e
P

The present invention relates to a more efficient process

for manufacturing said structures.

SUMMARY OF THE INVENTION

The present invention proposes a process for manufacturing

composite structures formed by two subcomponents of the same

material, comprising the following steps:
- Providing a first subcomponent, particularly a planar or

curved skin.

- Providing a precured composite tool for manufacturing the

second subcomponent, particularly a stiffener.

- Positioning said tool on said first subcomponent.

- Applying a preimpregnated composite on said tool to form
the second subcomponent.

F
—

- Consolidating the composite structure by means of a

process of curing the assembly resulting from the previous steps
under sultable temperature and pressure conditions.

For the purpose of the present invention, the term

composite 1s understood as any organic matrix material (epoxy,

phenol, blsmaleimide, polyimide, vinyl ester,...) and continuous

reinforcement fibers (carbon, several types of ceramics, glass,

organic (polyaramide, pbo,...)). For the purpose of the present

F

invention, subcomponents of a structure are understood as those

s~

parts thereof shaped at different times of its manufacturing

process.

The essential feature of the process according to the
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present invention is the use of tools that remain built into the

structure 1tself. These tools are preferably made of the same

composite as the structure or with a composite considered to be

compatible with 1t and are provided to the process object of the

present 1nvention in a precured state.

The process of manufacturing organic matrix composite
structures according to the present invention can be understood
as a subcomponent co-curing or co-bonding process that prevents
or limits the use of complex tools both inside and outside the
vacuum bag.

P

Structures manufactured by means of the process object of

the present 1invention are preferably structures applied 1in the

aerospace 1industry, though the process is also applicable for

~—

the manufacture of structures useful 1in the military, naval,

automotive, power generation or construction industries, or in

any other 1industry demanding the use of materials with good

mechanical properties.

-

One advantage of the process of the invention 1is that it

p—

opens up the possibility of manufacturing structures with a high

integration level with tools built into the structure itself and
simple tools on the outside, which can even be unnecessary in

certain structural configurations. The built-in tool may further

-

be designed so as to allow a double function as a tool and as a
supporting structure of the 1load for which the piece was

designed.

Other features and advantages of the present invention

4

shall be gathered from the following detailed description of an

1llustrative embodiment of its object in relation to the

attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Y o

Figure 1 shows a perspective view of a tool used in a

process according to the present invention.

Figures 2a and 2b show respective cross-section views of

installations for manufacturing structures according to the

process object of the present invention.

Figure 3 shows a perspective view of an installation for

manufacturing structures according to the process object of the
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present 1nvention.

DETAILED DESCRIPTION OF THE INVENTION

—

The process of manufacturing composite structures according

to the present 1inventlion 1s particularly applicable to the

manufacture of planar or curved structures with T-, 2- or H-

gr—-

shaped stiffeners, and described below 1s the case of a planar

structure stiffened with T-shaped stringers.

A precured T-shaped component 15 (see Figure 1) made of

planar carbon fiber fabric preimpregnated with epoxy resin, with
a thickness exceeding 0.4 mm 1s used as the tool that will
remaln built into the structure. The tool 15 can be continuous

Final structure

| —_

or discontilnuous, depending on the shape of the
to be manufactured.

The process 1s carried out on a table 11 on which the
planar structure 13, the first subcomponent of the structure, 1s
arranged.

The tool 15 is positioned on the planar structure 13, being

able to use an auxilliary means 19 between them, such as an

adhesive film or layer of preimpregnated material. The tool 15

may requlre treatment prior to the bonding process provided that

correct bonding 1s needed 1f the tool 1is to carry out a

resistant function.

pr—
h—

Then layers of prelmpregnated material 21 are applied on

the tool 15 so as to shape the T-shaped stringer 17, the second

subcomponent of the structure.

Once the stringer 17 shaping process has concluded, the

vacuum bag 31 1s manufactured, including several layers 33, 35,

37, as 1s known in the art, for the subsequent consolidation of

-

the structure using known processes, such as oven or autoclave

cCuring.

—

Co-bonding of the stringer 17 to the tool 15 using an

adhesive film compatible with the composite used can be carried

out during the process.

Figure 2a shows a stringer 17 in which the web of the
precured tool 15 extends along the web of the stringer, whereas
Figure Zb shows a stringer with a portion 39 to which the

=

precured tool 15 does not extend. In this sense, sizing of the
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precured tool shall be carried out taking 1into account the

structural requilirements for the piece.

Particularly, 1in the case of a stringer 17 with a portion
39 exclusively made with prelmpregnated material, such as that
shown in Figure 2b, and for the purpose of maintaining the shape

.

of the stringer 17, an external tool 43 outside the vacuum bag

31 can be used so as to mailntain the final geometry of the

structure to be manufactured (see Figure 3).

e

The internal precured tool 15 may be made of the same

composite used in the manufacture of the rest of the structure

or of a material considered compatible. Compatibility 1s

o~
—

considered only from the polnt of view of the process of co-

bonding to the rest of the structure. In this sense the process

of bonding the precured tool to the rest of the structure can be

done directly with the resin of the preimpregnated material or

by using an adhesive film compatible with the prelimpregnated

material.

-

In view of the foregoing explanation, 1t 1s understood that

the precured tool must be designed according to the structure to

be manufactured, first taking into account the material to be
used (compatible or one that experiences degradation with the
final curing system), secondly the structural requirements of
the component (need or no need for surface treatment and
adhesive film), and thirdly the dimensional requirements of the

second subcomponent which will 1ncidentally determine the need

for simplified external tools outside the second subcomponent.

The possibility of reducling or even eliminating the complex

tools that the present manufacturing process offers has an
ilmportant effect on reducing power consumption 1n the final
curing process, and 1t may additionally prevent carrying out

P

additional curing cycles, with the subseguent reduction of the

final energy consumption required for the process.

Any modifications comprised within the scope defined by the
following claims can be 1ntroduced in the preferred embodiment

described above.
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CLATIMS

1. A process for manufacturing composite structures formed

by two subcomponents of the same material, characterized in that

1t comprises the following steps:

a) providing a first subcomponent (13);

b) providing a tool (15) made of a composite and precured
for the manufacture of the second subcomponent (17);

c) positioning said tool (15) on said first subcomponent
(13) 7

d) applyling preimpregnated composite (21) on said tool (15)
sO as to form the second subcomponent (17);

e) consolidating the composite structure by means of a
process of curing the assembly resulting from the previous steps
under suiltable pressure and/or temperature conditions.

2. A process for manufacturing composite structures with
two subcomponents of the same material according to claim 1,
characterized in that the tool (15) is made of the same material

as the first and second subcomponents (13, 17).

3. A process for manufacturing composite structures with
two subcomponents of the same material according to claim 1,
characterized 1n that the tool (15) is made of a material that
1s different from the material of the first and second
subcomponents (13, 17) but compatible with it for the purpose of
1ts binding with the first subcomponent (13).

4. A process for manufacturing composite structures with
two subcomponents of the same material according to any of the
previous claims, characterized in that the tool (11) is made
such that 1t collaborates in the structure’s resistant function.

o.— A process for manufacturing composite structures with
two subcomponents of the same material according to any of the
previous claims, characterized in that the first subcomponent
(13) 1s fresh, and a layer of adhesive or prepreg (19) 1is
arranged between 1t and the tool (15).

6. A process for manufacturing composite structures with

two subcomponents of the same material according to any of the

previous claims, characterized in that an additional tool (43)

1s used 1n step e) to facilitate shaping of the second
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subcomponent (17).

7. A process for manufacturing composite structures with
two subcomponents of the same material according to any of the
previous claims, characterized 1in that the first subcomponent

0 (13) 1s a planar structure and the second subcomponent (l17) 1s a

g—

T-, €2- or H-shaped stiffener of said panel.

3. A process for manufacturing composite structures with

F P

two subcomponents of the same materilal according to any of the

previous c¢laims, characterized 1n that the first subcomponent

10 (13) 1s a curved structure and the second subcomponent (17) 1is a

T-, ()- or H-shaped stiffener of said panel.
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