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Shell element as part of an aircraft fuselage

The present i1nvention relates to a shell element, which
18 used 1in the construction of an ailrcratft fuselage and
18 partially or completely of CRP construction.

The applicant knows that an alrcraft fuselage can be
produced by joining together a plurality of short
fuselage barrels. In this case, the aircraft fuselage
1s 1ntegrated over 1its circumference. In a further

alternative construction, the aircraft fuselage 1is

constructed from fuselage shells. These have the

advantage over fuselage barrels of being easier to

manufacture and furthermore offering greater

flexibility in the design of the fuselage.

Fuselage shells or fuselage barrels of this type, for
large c¢ivil passenger and transport aircraft, are
normally made from metal or a metal alloy. However,
these metal fuselage shells or metal fuselage barrels
have wvarious drawbacks. In particular, the size of the

fuselage shells or fuselage barrels 1s 1limited, for

example by restrictions imposed by semi-finished

products such as metal sheets, limitationg in shaping

tools or the size of chemical baths that are available
for processing. Therefore, if metal fuselage shells are
used, it 1s necessary for a relatively large number of

smaller metal shells to be assembled i1ntce larger

sections and ultimately 1into the fuselage. A further
drawback 1s that the fuselage shells or fuselage
barrels made from metal have a considerable weight.

The present invention 1g therefore based on the object
of providing a shell element for an aircraft fuselage

which allows simple and i1nexpensive production of an

alrcraft fuselage and also permits an additional weight

saving.
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According to the invention, this object is achieved by
a shell element having the features according to Claim
1 and by an ailrcraft fuselage having the features
according to Claim 12, and also by an aircraft having

the features according to Claim 14.

A first aspect of the present invention relates to the
provision of a shell element for an aircraft fuselage

which 18 formed as a curved sheet-like element and is

partially or completely produced as a CRP construction.
This has the advantage that the ghell element can
easlly and 1nexpensively be produced 1in any desired
size. This 1s particularly advantageous compared to
metal shell elements which, as has already been
described above 1n connection with the prior art, are
of limited dimensions. A further advantage is that the
CRP construction can save weight compared to a metal

shell element.

In one embodlment of the invention, at least the outer

skin of the shell element 1s of CRP construction. The

outer skin may 1in this case be formed as or include a

laminate. The lamlinate preferably has one or more

layers of a CRP material and may additionally be

provided, for example, with at least one laver of a GRP
and/or ARP material. The CRP construction of the outer

skin has the advantage that considerable weight can be

saved as a result compared to a comparable outer skin

made from metal as used i1n the prior art.

In a further embodiment of the invention, the ghell
element has a length in a range from at least 10m to
60m or i1ts length 1s adapted in such a manner that, in

an alrcraft, 1t extends, for example, substantially

from behind the cockpi”t as far as the rear pressure
bulkhead.
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This has the advantage over the fuselage barrels and

fuselage shells that are known from the prior art that
a large number of these previous fuselage barrels and

fuselage shells which are reguired to form an alircraft

fuselage can be combined in the form of shell elements

according to the 1nvention. It 1s in this way possible

to save considerable costs, since there is no need to

then Jjoin the large number of individual elements.

Furthermore, forces can be better absorbed by the shell
element according to the invention, since only a small
number o©of shell elements have to be attached to one

another 1n the longitudinal direction to form a

fuselage compared, for example, to the known fuselage

barrels with their transverse seams. An ailrcraft

fuselage may, for example, be formed from two, three,

four or five shell elements, which are integrated over

the circumference and are attached to one another in

the longitudinal direction.

In another embodiment of the invention, the shell

p—
=l

element at least partially or completely 1isg of

monolithic CRP construction, hybrid CRP construction

and/or sandwich CRP construction. In the case of the

sandwich construction, by way of example a core is
arranged between two CRP skins, The sandwil.ch

construction has the advantage that the shell element

has a higher rigidity than in the case of the

conventional monolithic congtruction.

In one embodiment of the inventicon, in the sandwich

structure the core provided may, for example, be a

honeycomb structure and/or another suitable reinforcing
structure which 1s composed, for example, of panels
and/or profiled secticons, which can form suitable
supporting structures or struts. This has the advantage
of allowing a shell element with a high stability to be
formed. The core material used 1n this case may be

fibre-reinforced plastics, such as for example CRP, GRP

or ARP, as well as plastic foams, wax paper, such as



CA 02671920 2009-06-04

WO 2008/090176 PCT/EP2008/050760

10

15

2 ()

25

30

35

4

for example Nomex paper, and/or suitable metal alloys,
such as for example aluminum, steel and/or titanium

allovys.

In a further embodiment of the invention, the structure
of the shell element can be varilied in the longitudinal

and/or width direction, for example in terms of its

strength, rigidity, 1ts thickness, 1ts fibre
orientation 1n the case of fibre-reinforced materials
such as CRP, ARP or GRP and/or its material or
materials. The structure of the shell element 1is in
this case varied, for example, in' respect of differing
thicknesses etc. preferably on the side of the ghell

element facing towards the cabin. A shell element of
this type has the advantage that it can be adapted to a

very wide range of loads which can occur in dif

ferent
regions of the shell element. For example, the shell

element can be reinforced in regions 1in which

particularly high stresses occur, for example in the
reglon where the wings meet the body. A further

advantage 1s that the shell elements are easily

A

accessible compared to fuselage barrels for example if
individual regions need to be of increased thickness,

since the outer side of the shell element lies 1in a

mould whereas the 1nner side, which faces the aircraft
interior, 1is uncovered and thus c¢an Dbe individually

worked on. If fuselage barrels made from CRP materials

were to be produced instead of the shell elements, they
would have to be provided with a core to which the CRP
material 1s applied. Consequently, a variation for
example 1n the material thickness would have to be

correspeondingly incorporated i1in the core in order to
prevent the fuselage barrels from subsequently having a
non uniform structure on their outer sides. However,

this involves considerable work and additional cogts.

In a further embodiment of the 1invention, the shell
element may either be directly provided with cut-outs,

for example for windows or doors, or these cut-outs can
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subsequently be cut out of the shell element, for

example by laser means. Subseguent cutting of the cut-

outsg out o©of the shell element has the advantage of

being particularly inexpensive in terms of production.

Further aspects of the present invention relate to an

alrcraft fuselage which 1s constructed from the shell

elements according to the i1nvention and an ailrcraft

pr—

having an aircraft fuselage of this tvpe.

The 1nvention 18 explained in more detall below on the

basis of exemplary embodiments and with reference to

the accompanying figures, 1in which:

Fig. 1 shows a perspective, diagrammatic view of a

shell construction using metal shells; and

Fig. 2 shows a perspective diagrammatic view of an

aircraft with a fuselage made up of shell

elements according to the i1nvention.

Fig. 1 diagrammatically depicts a fuselage construction
of monocogque construction, wherelin metal panelling
parts 3 are attached to a grid of frames 2. Here,

-
h—

relatively large numbers of smaller metal shellg have

to be attached to the frame grid and a plurality of
such fuselage barrels 1 have to be subsequently
assembled to form a fuselage, with the fuselage barrels

1 being attached to one another via transverse joints.

By contrast, the ailrcraft fuselage according to the

invention 1s formed £from at least two long shell
elements 4, as 1llustrated in greatly simplified form

in Fig. 2, wherein the position of the shell elements 4

so as to construct the fuselage 1s likewise only

diagrammatically i1ndicated. The number and position of

the shell elements 4 can be wvaried as desired for

example according to function, alrcraft type, etc., and
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1s not restricted to the highly simplified i1llustration

in Fig. 2.

The shell elements 4 are of CRP construction and can be

jolned to one another in the longitudinal direction for

example conventionally by means of rivets (not shown),

e

to mention Just one of numerous possible attachment

options. The CRP construction has the advantage over
metal shell elements that the shell elements 4 can in
principle be produced 1in any desired dimensions or
sizes, since CRP materials can be purchased and used as

an endless semli-finished product, as 1t were.

Numerous processes for manufacturing CRP composite
parts are generally known. Therefore, just a few
examples of such processes will be mentioned below. In

the autoclave process, the process of curing the
resin-impregnated mat (for example prepregs) takes
place 1n the autoclave. Standard prepregs have a resin
content of approx. 40%. If honevcombs are used, so-
called adhesive prepregs (increased reslin content) are
used as a direct connection to the honevcomb, 1n order
to ensure wetting of the honeycomb without depletion of
the laminate. A further process 1is resin transfer
moulding (RTM}. This 1is a resin injection process. Also
known 1is the single-line injection (SLI) process. In

the SLI process, unlike the conventional RTM process

which uses two mould halves, the forcesg for compacting
the fibre material are not applied mechanically by a
huge tool, but rather wvia a relatively flexible mould
half using autoclave pregsure. Alsce known 1s the
lamination process, which 1nvolves providing a mould

which forms the subsegquent component surface and
alternately applyving thin resin layvers to fibre mats. A

e d

process of this type 1s suiltable 1in particular for

producing the shell elements according to the

invention. Also known 1s the fibre spraving process,

which uses a fibre spray gun. In this process, resin,

curative, accelerator and long fibres are mixed and
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applied to a mould. This process can likewise be used
to produce the sghell elements acclording to the
invention. Cold pressing or hot pressing are also
generally known. In thas case, prepregs Or

fibre-reinforced resin moulding compounds are pressed

either c¢cold or at elevated temperature to form

components.

The production of the shell element 4 according to the

invention 18 not restricted to one specific process or

one specilific construction. For example, 1n addition to

a monolithic¢ construction the shell element 4 may also

have a CRP/metal hybrid construction. In this case, the
fuselage skin may consist of a CRP material and

stringers and/or frames may consist of metal or a metal

alloy. If the stringers or frames are made from a metal

or a metal alloy which leads to galvanic corrosion on
contact with CRP and an electrolvyte, sultable

protective measures must be taken to prevent corrosion,

for example the use o0of glass fibre mats or tedlar

sheets between CRP components and metal components and

the use o0f suitable attachment means, which are made

for example from nonconductive materilal or  are
encapsulated with GRP or the shank of which is provided

with a sleeve made from a nonconductive material.

The shell element 4 may opticﬁnally also have a sandwich

construction, 1n which, for example, at least one core

18 1nserted between two CRP skins (not shown) or

between two CRP laminates. The core (not shown) may in

this case for example have a honeycomb structure or a

foamed structure or for example be assembled from

panels and/or profiled sections. The core material may

1nn this case consist of at least one fibre-reinforced

plastic, such as for example CRP, GRP and/or ARP, a

plastic foam, wax paper, such as for example Nomex

paper, and/or a metal alloy, such as for example an

aluminium, steel and/or titanium allovy,.
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The structure of the shell element 4 can also be varied
111 the longitudinal and/or width direction. This has

the advantage that areas or regions of the shell

element 4 can be i1ndividually adapted to the loads that

—
—

are acting there. Normally, not all regions of

arll

alrcraft fuselage are exposed to identical loads or
loads of the same magnitude; for example, the region of
the fuselage 5 which meets the wings 6 and the rear
region of the fuselage 5 are more heavily loaded than

other regions of the aircraft fuselage. To

correspondingly adapt the shell element 4, the shell
element 4 may, for example, be formed with regions of
differing thickness, depending on the magnitude or tvype

of loading or the forces which are active. Furthermore,

1f fibre-reinforced materials are used, their fibre

orientation can be varied in different regions of the

shell element 4, for example as a function of the loads

and forces that occur there. Furthermore, 1t 18 also
conceivable to wvary the material, so that different

materials can be used or combined with one another in

regions of the shell element 4. By way of example, it

18 conceilvable to use particularly stable or
load-resistant materials 1in regions that are exposed to

particularly high levels of load, whereas other, less

load-resistant materials can be used 1in other regions

that are less highly loaded. It 1s 1n this way also

possible to sultably adapt the strength and/or rigidity

i

of individual regions of the shell element 4.

The variation in the structure of the shell element 4
can be realized not only to take account of forces and
loads that occur but also as a function of numerous

other factors, i1including weight saving and economlc

factors. One adwvantage here 1s that the outer side of
the shell element 4 can be held i1in a mould or holder
(not shown) while the 1inner side 1s exposed and
therefore readilily accessible. It 1s 1n this way

possible, for example, for fibre-reinforced material to

very easilvy be applied 1in different fibre directions
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and thicknesses to the ghell element 4 without, for
example, having to previously incorporate thickness
changes 1n a core that 1s subsequently surrounded by
the fibre~reinforced material. Furthermore, 1t 18 also
possible to use different cores which wvary in terms of
material and/or construction in a sandwich

construction. Cores of this type can easily be used on

the shell element 4, since the shell element 4 1is
completely accessible from 1ts inner side, unlike the

described ring elements with a core.

The technology according to the invention of very long
fibre-reinforced fuselage shells 4 can reduce the
number of shells reguired, with corresponding joins, by
approx. 80% compared to current metal technology. The
long shell elements 4 have the advantage that their
joilning via longitudinal seams 7 allows better transfer

of lcocad than transverse seams as oCccur when Jjolning

fuselage barrels. In principle, the great length of the
shell elements 4 according to the invention alone
allows better load transfer to be achieved, since very

many fewer seams and transitions are present compared

to a multiplicity of fuselage barrels which have to be
jJjoined to one another i1in order to form the fugselage and

consequently have a large number of transvergse sgeams

and form a large number of transitions.

The shell elements 4 according to the i1nvention can be
produced 1in any desired dimensions. For example, the
shell element 4 may have any length, width and
thickness. In particular, the shell element 4 may, for
example, have a length of 10-15m or of 10m to 20m, of
20m to 2bm, or of 20m to 30m, of 30m to 325m or of 30m
to 40m, of 40m to 45m or of 40m to 50m, of 50m to 55m

or of 50m to 60m and greater. All i1ntermediate wvalues

wlithin these ranges are also 1included. In principle,
the length of the shell element 4 may also be less than
10m.
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The specific length of the shell element 4 i1s dependent
on the particular aircraft and is individually defined.
The same 1s also true of the width and thickness of the

shell elements 4. The shell element 4 according to the

invention may, for example, extend from behind the

cockpit 8 as far as the rear pressure bulkhead 9 and a

fuselage may, for example, be made up over 1ts

circumference of 2, 3, 4, 5 or more shell elements 4.

According to the prior art, as 1llustrated for example

in Fig. 1, depending on the aircraft there are 4, 5 or
more transverse JjJoints or transverse seams between the
tubular fuselage sections, which had initially been
assembled from smaller shells. By contrast, the

invention can reduce the number of transverse jolnts in
the typical fuselage region to 0 or 1 1n the case of
extremely long ailrcraft. The nose and tail can remain

as separate parts and be joined to the fuselage.

The 1invention provides an alrcraft fuselage of fibre

composite or hybrid, integral construction, 1n which
the number of shell elements that has hitherto been
required 1s minimized by the fact that the extent and
function of these elements can be combined in a small
number of now very long and single-part fuselage shells

4, so that the number of transverse joints required can

be reduced.

The CRP construction and the reduction in the number of
jolins allows considerable weight to be saved and the
production costs to be reduced. Integration i1s one of
the ways of contreolling costs of the CRP construction
to make i1t economic. The invention makes 1t easier to
achieve economic objectives with pure CRP constructions

and hybrid constructions, 1n which, for example, the

fuselage panelling 1s constructed from a CRP material
and frames and/or stringers are made from metal or a

metal alloy.
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The invention provides a single component, in this case
the shell element 4, where previously a large number of
components had to be used. This also eliminates the
joins that were previously required. This 1n turn
considerably relileves the manufacturing processes and
simplifies logistics and process control. The range of

production means and manufacturing equipment can be

reduced and simplified. Furthermore, 1t 1s possible to

achieve simplifications 1in the assembly and fitting
through the drastic reduction 1in the number of
components. In detail, the size of the components also

involves procedural changes which, however, are 1n no

way a compensatory factor. Compared to a construction

B

for example of CRP fuselage barrels, 1t 1s possible to
significantly minimlize manufacturing risk and to
achieve a higher flexibility in change of design and/or

materials.

Furthermore, the fuselage structure according to the

invention and the shell element 4 according to the

invention allow weight savings, cost sgavings and

accelerations 1in throughput times compared to the

previous shell split.

Compared to the production of CRP fuselage barrels, in

addition to the advantage of reduced producticon risk,
there 1s the further advantage that less outlay 1is
requlred on production means and equipment and,
moreover, the learning curves are more favourable.
Further technical developments, local design changes,
learning effects, alternative materialg are also much

easlier to 1mplement, sgince, for example, there 1is no

need to provide a c¢ore to which the CRP material 1s

applied 1n order to form a fuselage barrel. Fuselage
barrels of this type are produced, for example, by a
winding process, 1n which reinforcing fibres are wound
around a rotating core, which disadvantageously,
depending on the geometry, remains 1n the component or

1s removed from i1t again.
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Although the present invention has been described above

on the basis of preferred exemplary embodiments, 1t 1is
not restricted thereto, bhut rather can be modified 1in

h numerous ways.
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L.ist of reference designations
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AMENDED CLAIMS

received by the International Bureau on
09 July 2008 (09.07.2008)

New Claims Art. 19 PCT

1. Shell element (4) as part of an aircraft fuselage,
wherein the shell element (4) is formed as a curved sheet-
like element and is at least partially or completely of CRP
construction, wherein at least the thickness of the shell
element (4) is wvariable over the width and/or length of the
shell element (4) on the side of the shell element (4)

facing towards the cabin, wherein the shell element (4) has

a length in & range from at least 10m to 60m and wherein

the shell element (4) is manufactured by a lamination

process or by a fibre sprayling process.

2. Shell element according to Claim 1 or 2, characterized
in that at least the outer skin of the shell element (4) 1s
produced completely as a CRP construction.

3. Shell element according to Claim 1 or 2, characterized
in that the shell element (4) has a length in a range from
at least 35m to 60m.

4. Shell element according to at 1least one of the
preceding c¢laims, characterized in that the length of the
shell element (4) is adapted in such a manner that in an
aircraft it extends starting from behind the cockpit (8) as

far as the rear pressure bulkhead (9) or at least in a
region therebetween.

5. Shell element according to at least one of the
preceding claims, characterized in that the shell element

AMENDED SHEET (ARTICLE 19)
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(4) at least partially is of monolithic CRP construction
and/or hybrid CRP constructicn.

6. Shell element according to at least one of the
preceding claims, characterized in that the shell element
(4) at least partially is of sandwich CRP constructilon.

7. Shell element according to Claim 6, characterized 1in
that in the sandwich CRP construction a core 1s arranged

between two CRP skins.

8. Shell element according to Claim 7, characterized in
that the core has a honeycomb structure or another suitable
reinforcing structure which is composed of panels and/or

profiled sections.

9. Shell element according to Claim 8, characterized in
that the core incliudes a fibre-reinforced plastic, such as
for example CRP, GRP or ARP, a plastic foam, wax paper,
such as for example Nomex paper, and/oxr a metal alloy, such
as for example an aluminium, steel and/orx titanium alloy.

10. Shell element according to at least one of the
preceding c¢laims, characterized 1in that at least the
thickness, the fibre orientation, the strength, the
rigidity and/or the material of the shell element (4) is
variable over the width and/or length of the shell element
(4), for example on the side of the shell element (4)
facing towards the cabain.

11. Shell element according to at least one of the
preceding claims, characterized 1in that cut-outs, for

example for windows or doors, are provided in the shell
element (4), for eXample are shaped out or can be cut out

by laser means.

AMENDED SHEET (ARTICLE 19)
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12. Aircraft fuselage, the circumference of which 1is at
least partially formed from shell elements (4) according TO

one of Claims 1 to 11.

13. Aircraft fuselage according to Claim 12, characterized
in that the c¢ircumference of the aircraft fuselage 1is
formed from, for example, two, three, four or five shell

elements (4).

14. Aircraft having an aircraft fuselage accoxding to at

least one of Claims 12 and 13.
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Statemment under Art. 19 PCT

This is in response to the International Search Report mailed on May 9, 2008:

1. A new set of claims 1 to 14 amended under Article 19 PCT 1s submatted.

2. Amendments:

2.1 Original claim 1 has been cancelled. Further, new claim 1 1s based essentially on a
combination of original claims 2 and 4. Furthermore, the feature has bcen included
that the thickness i1s variable on the side of the shell element facing towards the cabin.

Litcral support for this feature can be found, e.g., in onginal claim 11. Further, the

feature has been included that the shell element is manufactured by a lamination
process or by a fibre spraying process. Literal support for this feature can be found on

page 6, line 31 to page 7, line 3 of the present descnption.

2.2  Original claim 4 has bcen restricted to a range from at lcast 35m to 60m. Literal
support for this feature can be found, e.g., on page 9, lines 31-35 of the present

description.
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