Office de la Propriete Canadian CA 2611248 A1 2007/01/11

Intellectuelle Intellectual Property
du Canada Office (21) 2 61 1 248
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépét PCT/PCT Filing Date: 2006/06/30 (51) Cl.Int./Int.Cl. B29C 70/84 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2007/01/11 B29C 70/442000.01), 529D 31/00(2006.01)

B64C 1/12(2006.01)

(85) Entree phase nationale/National Entry: 200//12/06 . _
(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: EP 2006/006384 AIRBUS DEUTSCHLAND GMBH, DE
(87) N° publication PCT/PCT Publication No.: 200/7/003372 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2005/06/30 (DE10 2005 030 939.9) LAW, BARNABY, DE;

SCHUMACHER, KA, DE;

KOMADINA, JONATHON, AU;
MUELLER, JOCHEN, DE;
HELTSCH, NORBERT, DE

(74) Agent: OYEN WIGGS GREEN & MUTALA LLP

(54) Titre : PROCEDE PERMETTANT DE PRODUIRE UN COMPOSANT PRESENTANT SENSIBLEMENT UNE FORME
DE COQUE

(54) Title: PROCESS FOR PRODUCING A SUBSTANTIALLY SHELL-SHAPED COMPONENT

(57) Abréegée/Abstract:

The invention relates to a process for producing a substantially shell-shaped component, from substantially carbon-fiber-reinforced
synthetic material having at least one local reinforcing zone 3 and at least one stiffening element, In particular a fuselage shell, a
wing shell, a vertical stabilizer shell or horizontal stabilizer shell of an aircraft or the like. The process according to the invention
comprises the following steps: arranging at least one doubler 1 which has already been cured, on an at most partially cured shell
skin 2 to form the local reinforcing zone 3, applying at least one stiffening element which has already been cured, and placing at
least one at most partially cured connecting angle bracket 6 against the at least one stiffening element at least in the region of the at
least one doubler 1, and curing the shell skin 2 and the connecting angle bracket 6. The invention also includes a substantially shell-

shaped component having at least one local reinforcing zone 3 and having at least one stiffening element produced by the process
according to the invention.

,
L
X
e
Senchee f
L S S \
ity K
X : - h.l‘s_‘.}:{\: .&. - A L~

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




A1) 0 Y 0 R RO L AR R A

ef) at least in the re

WO 2007/003

CA 02611248 2007-12-06

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
11 January 2007 (11.01.2007)

(51) International Patent Classification:
B29C 70/84 (2006.01) Bo4C 1/12 (2006.01)
B29C 70/44 (2006.01) B29D 31/00 (2006.01)

(21) International Application Number:
PCT/EP2006/006384

(22) International Filing Date: 30 June 2006 (30.06.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10 2005 030 939.9 30 June 2005 (30.06.2005) DE
(71) Applicant (for all designated States except US): AIRBUS
DEUTSCHILAND GMBH [DE/DE]; Kreetslag 10, 21129

Hamburg (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LAW, Barnaby
|[DE/DE]; Hogemannsweg 26, 28844 Weyhe (DE). SCHU-
MACHER, Kai [DE/DE]; Im Miihlenfeld 48, 21717
Fredenbeck (DE). KOMADINA, Jonathon [AU/AUJ;
P.O. Box 82, Sunbury, 3429, Victoria, Australia (AU).
MUELLER, Jochen [DE/DE]; Ostfriesische Strasse 26,
28259 Bremen (DE). HELTSCH, Norbert [DE/DE];
Johann-Mohr-Weg 13, 22763 Hamburg (DE).

(10) International Publication Number

WO 2007/003372 Al

(74) Agent: PECKMANN, Ralf; Reinhard, Skuhra, Weise &
Partner GbR, Postfach 44 01 51, 80750 Miinchen (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PROCESS FOR PRODUCING A SUBSTANTIALLY SHELL-SHAPED COMPONENT

4 (57) Abstract:  The invention
, relates to a process for producing
a substantially shell-shaped
component, from substantially
carbon-fiber-reinforced  synthetic
material having at least one

local reinforcing zone 3 and at
least one stiffening element, in
3 particular a fuselage shell, a wing
) shell, a vertical stabilizer shell or
= horizontal stabilizer shell of an
aircraft or the like. The process

according to the invention comprises the following steps: arranging at least one doubler 1 which has already been cured, on an at
e most partially cured shell skin 2 to form the local reinforcing zone 3, applying at least one stiffening element which has already
I~ been cured, and placing at least one at most partially cured connecting angle bracket 6 against the at least one stiffening element

gion of the at least one doubler 1, and curing the shell skin 2 and the connecting angle bracket 6. The invention

also includes a substantially shell-shaped component having at least one local reinforcing zone 3 and having at least one stiffening

element produced by the process according to the invention.



CA 02611248 2007-12-06

WO 2007/003372 PCT/EP2006/006384
— l —
Airbus Deutschland GmbH June 30, 2006
O05HB84
5

10

15

20

25

30

35

Process for producing a substantially shell-shaped

component
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The invention relates to a process for producing a
substantially shell-shaped component substantially from
carbon-fiber-reinforced synthetic material, having at
least one local reinforcing zone and at least one

stiffening element. In particular, the i1nvention relates

to a process for producing a fuselage shell, a wing

gy,

shell, a vertical or horizontal stabilizer shell of an

aircraft or the like.

However, the invention can 1n princilple be used to
produce components of any desired shape 1n a fiber

composite structure, which have at least one reinforcing

element and require at least one local reinforcing zone

for local load introduction regions.

It is known for shell-shaped components that have been

stiffened by stiffening elements to be partially provided
with local thickened portions (referred to below as
doublers), in order to absorb high load concentrations in
individual portions of the component structure and to
distribute these loads throughout the structure. In this
context, a distinction 1is drawn between internal and

external doublers.

Internal doublers are applied to the inner side, for
example of a component provided with stiffening elements,

and therefore have no influence on the outer contour of
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the component. In this case, the stiffening elements have
to run over the doubler, 1.e. the doubler and the

stiffening components are arranged above one another.

However, 1n terms of technical implementation, it 1is only
possible to run over a doubler with considerable outlay.
Although the stiffening elements can generally be
produced with a moderate offset, i1ntegration represents a

frequent cause of complications during manufacture.

As an alternative to internal doublers on the inner side,
1t 1s possible for the doubler to be placed on the outer
side of the component. This has the advantage that the
complex inner structure of the inner side (reinforcing
elements, spar, ribs, etc.) 1s not adversely affected.
However, the outer side no longer has the desired
contour, which has an adverse effect on aerodynamics for

example 1n the case of aircraft structures.

Furthermore, the use of external doublers involves a
number of manufacturing drawbacks. If the doubler is to
be integrated in the manufacturing means, any change to

the doubler entalls a corresponding adjustment to the

manufacturing means.

It 1s an object of the invention to provide a process
which simplifies the production of a substantially shell-
shaped component having at least one local reinforcing
zone which 1s built up towards the inside (towards the
stringer side) and at least one stiffening element, and
1n which the drawbacks known from the prior art do not

OCCur.

This object is achieved by a process for producing a

substantially shell-shaped component from substantially
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carbon-fiber-reinforced synthetic material having at
least one local reilnforcing zone and at least one
stiffening element according to Patent Claim 1, which
comprises the following steps:

= arrangling at least one doubler, which has
already been cured, on an at most partially cured shell
skin to form a local reinforcing zone,

= applying at least one stiffening element which
has already been cured, and

- placing at least one at most partially cured
connecting angle against the at least one stiffening
element at least 1n the region of the at least one
doubler, and

— curing the shell skin and the connecting angle

bracket.

The cured doublers, which have already been
finish-machined, are positioned on the uncured shell skin
or the skin laminate at the locations at which a doubler
1s requlred for reinforcement. The doubler can in this
case be produced 1n a manufacturing process and material
which differ from the skin laminate and then be applied
to the shell skin. This 1s followed by cured stiffening
elements or stringers and uncured connecting angle
brackets, which are ductile and elastic in this state.
The final step 1s the curing in order to complete a
substantially shell-shaped component which is provided

with a stiffening element and a reinforcing zone.

The process according to the i1nvention has numerous

advantages:

e Manufacture of a complex, large-size shell-shaped

component 1n one curing cycle
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¢ Good mechanical properties of the shell-shaped
component

¢ High flexibility with regard to the doubler
geometry, any load changes (influences the doubler
size without affecting the tooling geometry for the
shell and stringers) and ramp angle, etc.

¢ The doubler 1s manufactured separately, with the
result that the process of laying the shell skin 1s
not slowed down by small thickened portions.

¢ The cured doubler can be manufactured and/or
machined within very narrow tolerances, reducing the
thickness tolerance of the regions with a higher
material thickness to the thickness tolerance of the

shell skin or the skin laminate.

¢ The separately manufactured doubler can be
prefabricated using virtually any desired
combinations of materilals and laminate structures
and can be separately machined and tested prior to
installation. This allows the manufacturing risk
involved in the overall shell-shaped component to be
reduced in particular 1n the case of large wall

thicknesses.

It 1s preferably provided that the at least one
stiffening element, 1n the region of the at least one
doubler, 1s matched to the contour of the at least one
doubler before being applied to the shell skin. For this
purpose, the stiffening element can, for example, Dbe
provided with a recess which serves to receive the
doubler. The matching of the contour can be effected by
machining, such as for example milling, grinding, laser

cutting or the like.

The stiffening elements can 1n princilple be of any

sultable shape. In a preferred embodiment, however, the
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stiffening elements are formed using reinforcing profiled
sections, 1n particular T-profiled sections, double
T-profiled sections, L-profiled sections, Z-profiled
sections, rectangular profiled sections or the like, so
that the stability 1s particularly high and the
reinforcing elements can be manufactured at low cost by
extrusion etc. as material made by the meter, with the

extrudates belng cut to length as required.

In accordance with a further embodiment, the shell skin,
the at least one stiffening element, the at least one
doubler and/or the at least one connecting angle bracket
are formed using a fiber-reinforced synthetic material,
in particular using a material that has a carbon-fiber
reinforcement preimpregnated with a curable epoxy resin.
The use of this so-called prepreg material, which is a
carbon-fiber-reinforced sheet-like structure impregnated
with a curable epoxy resin, simplifies production and

reduces the time required.

In principle the curing of the shell skin and of the at
least one connecting angle bracket can take place at room

temperature and under atmospheric pressure. However, to

improve and accelerate the curing, it is preferable that
the curing of the shell skin and of the at least one
connection angle bracket to produce the finished shell-
shaped component takes place under pressure and the
action of temperature, in particular in an autoclave or
the like. This takes place, for example, at a temperature
between 120°C and 220°C and at a pressure of up to 10

bar.

The 1nvention also emcompasses a substantially shell-

shaped component having at least one local reinforcing



CA 02611248 2007-12-06
WO 2007/003372 PCT/EP2006/006384

zone and having at least one stiffening element produced

by the process according to the invention.

The i1nvention will now be explained with reference to a

5 drawing, 1n which:

Fig. 1 shows a first step of the production
process,
10 Fig. 2 shows a second step of the production

process, and

Fig. 3 shows a third step of the production
process.

15

Reference 1s made to Fig. 1 to 3.

The figures illustrate the production of a shell-shaped
component which is provided with a stiffening element

20 formed as a stringer 4, wherein a thickening configured
as a doubler 1 1s formed in a reinforcing zone 3 to
improve the introduction of load. In this case,

seml-finished products, known as prepreg material, are

used. The prepreg material 1s a carbon-fiber-reinforced

25 sheet-like structure 1mpregnated with a curable epoxy
resin. Alternatively, it 1s also possible to use curable

polyester or BMI resin systems for prepreg materials.

First of all, the shell skin 2 1s laid in an uncured

30 state, for example using the known “ATL” (“automated tape
laying”) process. The ATL process 1s a process for the
automated production of laminates, in which
unidirectional laid fiber fabrics, for example comprising

carbon fibers or the like, are laid.
35
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the uncured shell skin 3 at the locations at which the

N

e cured and finish-machined doubler 1 is positioned on

reinforcing zones 3 are to be formed. In this case, the

doubler 1 can be used with other materials, laminate

structures and manufacturing processes.

In the next step, the cured stringer 4 1s positioned on
the shell skin 3. The stringer 4 as stiffening element is
provided with a recess 5, which has been produced by
machining, for example by milling, grinding, laser
cutting or the like. The recess 5 1s arranged and formed
1n such a manner that 1t lies at the location at which
the stringer 4 runs over the doubler 2 and receives the
latter. Instead of the raised section which follows the
recess 5 and 1s not provided with a reference numeral,
the stringer 4 may also have a greater material thickness
1n the region of the doubler 1, in order to achieve the

required mechanical strength in this region.

Therefore, the stringer 4 can be adapted without problems
to virtually any contour of the doubler 1 and can also be

laid 1n a shell.

Then, 1n the next step, an uncured laminate, which may
already have been precompacted as an L-profiled section
and substantially serves as a connecting angle bracket 6
or linking angle bracket, is laid over a base section of
the stringer 4 and over the doubler 1. This L-profiled
section 1s supported by a web of the stringer 4 which has

already been cured.

Therefore, no further supporting tool is required for the
curing step, thereby considerably simplifying
manufacture. The structure which has been described 1is

packaged 1in a conventional vacuum bag and cured. This
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takes place 1in an autoclave at a temperature between
120°C and 180°C and at a pressure of up to 10 bar.
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List of reference numerals

P A -

1 Doubler

2 Shell skin

3 Reinforcing zone
4 Stringer

5 Recess

6

Connecting angle bracket
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Patent Claims

1. Process for producing a substantially shell-shaped
component, 1n particular a fuselage shell, a wing shell,
a vertical or horizontal stabilizer shell of an aircraft
or the like, from substantially carbon-fiber-reinforced
synthetic material having at least one local reinforcing
zone and at least one stiffening element, comprising the
steps of:

- arranging at least one doubler (1) which has
already been cured, on an at most partially cured shell
skin (2) to form a local reinforcing zone (3),

= appiying at least one stiffening element which
has already been cured, and

— placing at least one at most partially cured
connecting angle bracket (6) against the at least one
stiffening element at least in the region of the at least
one doubler (1),

~ introducing the structure constituted by the
shell skin (2), the at least one doubler (1), the at
least one stiffening element and the at least one
connecting angle bracket (6) into a vacuum bag, which 1is
moved 1nto an autoclave for curing, and

- curing the shell skin (2) and the connecting
angle bracket (6) at a temperature of between 120°C and
180°C and a pressure of up to 10 bar in an autoclave to

produce a finished shell-shaped component.

2 . Process according to Claim 1,
characterized in that
the at least one stiffening element, in the region of the

at least one doubler (1), is matched to the contour of
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the at least one doubler (1) before being applied to the
shell skin (2).

3. Process according to Claim 1 or 2,
characterized 1in that
the stiffening elements are formed using reinforcing

profiled sections, 1in particular T-profiled sections.

4 . Process according to one of Claims 1 to 3,
characterized 1n that

the shell skin (2), the at least one stiffening element,
the at least one doubler (1) and/or the at least one
connecting angle bracket (6) are substantially formed
using a fiber-reinforced synthetic material, in
particular a material that has a carbon fiber

reinforcement preimpregnated with a curable epoxy resin.

S, Shell-shaped component having at least one local

reinforcing zone and at least one stiffening element, in
particular a fuselage shell, a wing shell, a vertical or
horizontal stabilizer shell of an aircraft, produced in

accordance with one of Claims 1 to 4.
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