(12) (19) (CA) Brevet-Patent
XY CIPO

v
] am

S ne N

l.. '0‘ .c. .‘. i\ \g:-,:‘::‘q:\:t

.4 3 », Q'.‘t.\.i.a

e e -
A o~
L) ’ \\\ \ LY ;
-;:. ‘: :\:t .:'.. o:' \‘\‘:‘:.4‘:.\\: .:-3- RN e w e
‘:\ " \"- \ ‘\x‘.\\o "““"\‘h‘l \" Q’ \‘ \‘-
L] LK = a
- "a' tﬁ:::::::;.\‘ h \\ LN W

OPIC

OFFICE DE LA PROPRIETE (CANADIAN INTELLECTUAL

INTELLECTUELLE DU CANADA “:k PROPERTY OFFICE (11) (21) (C) 2, 108,047
22y 1993/10/08

43) 1994/04/10
(72) Grunwald, Gerd, DE 45y 2001/03/20

(72) Hauschildt, Michael, DE
(73) DAIMLERCHRYSLER AEROSPACE AIRBUS GMBH, DE

1) Int.Cl1.°> B64C 3/20

30) 1992/10/09 (P 42 34 038.1) DE

54y ENVELOPPE OSSATURE FABRIQUEE EN MATERIAU
COMPOSITE FIBREUX

34 SHELL STRUCTURAL COMPONENT MADE OF FIBER
COMPOSITE MATERIAL

(57) An aircraft structure, such as a wing, 1s made of fiber composite material and includes a shell structural component
also made of fiber composite material. The structural component has at least one access opening closeable by a cover.
The shell structural component has a first area containing the access opening closeable by the cover. In the longitudinal
direction of the wing the first areca 1s predominantly flexible while a second area surrounding the first area 1s
predominantly stiff, whereby these areas take up different longitudinally effective forces, relative to the length of the
wing. Both areas are capable of transferring shear forces in the same manner.
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TITLE OF THE INVENTION

SHELL STRUCTURAL COMPONENT MADE OF FIBER COMPOSITE MATERIAL

ABSTRACT OF THE DISCLOSURE

An aircraft structure, such as a wing, is made of f£iber compo-
site material and includes a shell structural component also

made of fiber composite material. The structural component

has at least one access opening closeable Dy a cover. The

shell structural component has a first area containing the

access opening closeable by the cover. In the longitudinal'
direction of the wing the first area 1s predominant. flex-
ibie while a secbnd area surrounding the £irst area 1s pre-
dominantly stiff, whereby these areas take up‘different

longitudinally effective forces, relative to the length of

the wing. Both areas are capable of transferring shear

forces in the same manner.
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TITLE OF THE INVENTION

SHELL STRUCTURAL COMPONENT MADE OF FIBER COMPCSEITE MATERIAL

ABSTRACT OF THE DISCLOSURE

r___2

An aircraf: structure, such as a wing, 1s made of Ilber compo-
site materizl and includes a shell structural compconent also
made of fiber composite material. The structural component
has at least one access opening closeable by a cover. The
shell structural component has a Iirst area containing the
access opening closeable by the cover. In the longitudinal

ominanctly Ilex-

o)

direction of the wing the first area 1s pre

irst area .s pre-

ible while a second area surrounclng tne
dominantly sti whereby these areas take up diflerent
longitudinally effective forces, relative to the lengtn of

the wing. Both areas are capable of transferring shear

forces 1n the same manner.
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FIELD OF THE INVENTION

The 1nvention relates to a shell structural component or unit
made of flber composite material for use in aircraft structures.
Such components are part, for example, of an aircraft wilng,

and i1nclude at least one access opening closeable by a removable

cover, for example for maintenance work.

BACKGROUND INFORMATION

Frequently the assembly, maintenance, and repaliring of struc-
tures and systems inside of aircraft wings, for example, make

1t necessary that access openings are provided in the respective
shell structural components. The respective access can be
provided by manholes, handholes, or by removable shell sections.
Generally, a manhole is cut into a lower wing shell of a wing
formed by upper and lower wing shells. For the construction

of access openings with a cover, the following construction

principles are basically useable.

First, there are so-called no-load carrying manhole covers.

Such no-load covers distinguish themselves by the following
advantages. It 1s easy to assemble and disassemble the cover,
there 1s no need for heavy load carrying cover, the accessibil-
1ty 1s good, and there are no bore holes in the 1load carrying
wing skin. However, there is the disadvantage that such a

structure is the heaviest of all possible structures of this

type. This weight problem is due to the unavoidable fact that
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additional supporting material in the wing is necessary to
lead present forces around the opening. Thus, the cover itself

may not be too heavy, but the wing and cover together become

heavier.

second, there are load carrying covers which distinguish them-
selves by the following advantages. Load carrying covers re-
sult in a lighter-in-weight structure compared to structures
with no-load carrying covers, because normal- and shear forces
can be transmitted totally or partially by the covers. Load
carrying covers are not dead weight. Last, but not least, the
force flow is less disturbed than in structures with a no-load
carrying cover. However, load carrying covers have the follow-
ing disadvantages. The assembly and disassembly is difficult
because of the large number of connecting elements. Force
transmission by screw connections has difficulties of its own.
In the root zone of a wing two or three lines of screw connec-

tions are necessary.

Third, there are load carrying shell elements which are part

of a structure in which one or several shell elements, €.9g.
panels, including the respective stringers are constructed to be
dismantable for providing the necessary access. Ssuch shell ele-
ment construction has the following advantages. Most favorable
low weight solutions can be realized. The force flow or transmission
is disturbed the least and the respective panels do not consti-

tute dead weight. Besides, in comparison to all other construc-

tions an optimal access is possible.

2915 - 3 -
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However, load carrying shell elements have the following disad-
vantages. Because of the necessary stringer couplings substan-
tial problems occur in the assembly or disassembly. The weak-
ening of a wing when a panel section is removed can possibly
require a support of the wing during maintenance work or the

like. Difficulties occur at the cross-butt joints of the
panels concerning the force transmission. Large normal forces

act on panels of this kind, which have to be transmitted.

OBJECTS OF THE INVENTION

In view of the foregoing it is the aim of the invention to

achieve the following objects singly or in combination:

to create a shell construction component for an air-
plane structure made of fiber composite material with at least
one access opening closeable by a cover that has the above
advantages of a load carrying panel but at the same time avoid-

ing 1ts disadvantages;

to take advantage of the anisotropic mechanical

properties of fiber composite materials depending on the

fiber orientation in such materials:; and
to optimally adapt the fiber orientation to the

intended force or load carrying ability in different areas

of an aircraft wing.

2915 - 4 -
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SUMMARY OF THE INVENTION

A shell structural component of the above mentioned type 1s
characterized according to the invention i1n that the shell
structure has two areas, including a first area which 1ncludes
an access opening with a cover, and a second area which sur-
rounds or contains the first area. Said first area has a low
stiffness in the longiltudinal wing direction,.said second area
has a high stiffness in said longitudinal wing direction, where-
by said first and second areas have different force transmitting
characteristics with regard to forces in parallel to the longi-
tudinal axis of the fespective structural component, namely

with regard to tensile and compressive forces. Both areas,
however, have a roughly egual stiffness relative to shear forces.
That means, for shear forces there is a similar force transmit-
ting characteristic in both areas. The different elastic be-
havior of both areas is created by a corresponding lamination
and orientation of the fiber reinforcing material in the matrix
of the composite material so that corresponding different moduli
of elasticity, E-moduli in short, are achieved in the first and
second areas. However, the G-moduli or shear modull are roughly

equal in the first and second areas.

According to the invention, the first area, which includes
the access opening, has the lower E-modulus and so only takes
up a small portion of the total longitudinal force effective
for the total structural component while the second area sur-
rounding the first area, has the higher E-modulus, whereby
the second area is able to take up a larger portion of said

total effective longitudinal force. 1In comparison to conven-

2915 - 5 -
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1 tional shell constructions with a homogeneous E-modulus, the
structure of the invention carries the same total load caused
by the longitudinally effective forces, however, by a different,
more efficient distribution of the longitudinal forces 1in the

different areas. The shear forces, however, can be carried by

the first and second areas in the same manner, so that no loss

of shear stiffness occurs compared to an undisturbed structure

without an access opening.

It is a special advantage of the structure according to the
10 invention that, compared to conventional structures, material

has been saved, resulting in a considerable reduction 1in

weight and costs.
BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be clearly understood, it
will now be described, by way of example, with reference to

the accompanying drawings, wherein:

Fig. 1 shows schematically a perspective view of

an airplane wing with separable panels;

Fig. 2 shows on an enlarged scale a partial sectional
20 view along section line II - II in Fig. 1;
Fig. 3 shows on an enlarged scale the detail III

according to Fig. 2;

Fig. 4 shows schematically a plan view into an air-
plane wing with manholes in the lower wing

shell with the upper wing shell removed;

2915 - 6 -



T It T "I RS T Nnry g L I - emaus =it ey w v e —

10

20

CA 02108047 1998-05-25

Fig. 5 shows on an enlarged scale the detail V

according to Fig. 4;

Fig. 6 is a sectional view along section line VI - VI
in Fig. 5 showing a longitudinal reinforcing

rib construction:;

Fig. 7 is a sectional view similar to that of Fig. 6,
showing a modification of the longitudinal rein-

forcing ribs; and

Fig. 8 illustrates different orientations relative
to the horizontal of the reinforcing fibers

in the composite.

DETAILED DESCRIPTION OF PREFERRED EXAMPLE EMBODIMENTS AND OF
THE BEST MODE OF THE INVENTION

Figs. 1 and 2 show an aircraft wing 1 with an upper shell 2,
in which there are three access openings shut by covers 3, 4, 5.
The covers 3, 4, 5 are constructed as separable panels, which

are mounted in place by screw connections shown symbolically

by vertical lines, indicating rows of screws 10, 11, 12, and
13 in Fig. 2. The upper shell 2 1s strengthened on its inte-

rior side by several stringers 6, 7 running lengthwlse of the
wing 1 as shown in Fig. 2. Between the stringers 6 and 7

there is an access opening 5A shut by the cover 5. The cover 5

is separably connected to the upper shell 2 in the region

of the cross-joints 5B and 5C as well as the longitudinal

joints 5D and 5E. A lengthwise running reinforcement 8 or 3,

respectively, is laminated between each 0of the stringers 6

and 7 and the upper shell 2. Thus, the stringers 6 and 7, the

2915 - 7 =
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reinforcements 8 and 9, and the upper shell 2 form a mono-
lithically connected structure in which the just mentioned

elements are bonded to one another by the curing of the matrix

material of the fiber composite material. The cover 5 1is
secured to this structure by the above mentioned rows of screws

10, 11, 12, and 13.

Fig. 3 shows the detail III according to Fig. 2 in the area
of the longitudinal joint 5D with the stringer 7, the upper
shell 2, the reinforcement 9 and the cover 5. The upper shell 2

and the cover 5 have the same wall thickness, whereby these

wall thicknesses are halved in the zone of the mutual overlap

14. The cover is screwed tight to the stringer 7 and the
reinforcement 9 in the area of the row of screws 12. The row

of screws 13 is arranged in the area of the overlap 1l4. The
joints or connections of the cover 5 to the upper shell 2 are
constructed in.the same way as just described along the Cross-
joints 5B and 5C. Due to the reinforcements 8, 9 in the region
of the longitudinal joints 5D and 5E the structure, which sur-

rounds the access opening 5A, is so dimensioned that 1t takes

up primarily longitudinal forces. As a result the cover 5 1s
relieved of these longitudinal forces. Therefore, the cover >
is predominantly constructed for the transferring of shear
forces. This construction is achieved by orienting the reln-
forcing fibers substantially with a f45° fiber orientation

compared to the longitudinal, horizontal direction.

2915 - 8 -
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" The above described construction of the access opening 5 with

a cover of the approximate dimensions of a panel 1s character-
ized by the following features or characteristics. The lami-
nate of the cover 5 comprising layers with reinforcing fibers
predominantly orilented at t45° is substantially less sensitive
regarding its stability, e.g. against buckling, than the mater-
ial used in a conventional structure with a homogenous E-modulus.
Force transmitting stringer couplings between cover and shell,
or between two half covers have become unnecessary. Stiffen-
ing elements for increasing the buckling stiffness of the cover
do not need a force locking, i.e. a force transmitting connec-
tion to the shell 2 nor are connections needed between two

half covers. A cover 5 or a panel, respectively, 1s easler

to be subdivided into several panel segments or sections,
because the respective cross-butt joints, due to the reduced
loads, require for their construction merely a fraction of

the effort and expense, which was usual heretofore.

Tn those instances where the required work or maintenance do
not require large access openings with a separable cover,
which has the dimensions of an entire panel, smaller access
holes can be provided. Thus, another embodiment of the inven-
tion provides a panel in which the normal force is reduced 1n
the aforementioned manner, whereby the panel is connected
byrivéts to the surrounding structure, wherein the panel

is provided with smaller access openings such as handholes

or, if required, also manholes which are still substantially

smaller than a whole panel. These holes are shut by separ-

able connected corresponding covers. In such a panel with

2915 - 9 -
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holes therein, only reduced longitudinal forces are effective
as compared to the surrounding structure, it is advantageous,
that the fastening of the respective handhole covers can be

realized with a relatively low effort and expense.

Figs. 4 and 5 schematically show a plan view into a lower
wing shell 19 of a wing 16 with a panel 17 having several
manholes 18 therein. The panel 17 is a monolithic part of
the wing shell 19. The wing shell 19 is constructed as a
normal force reducing plate because of a T45° orientation of
the reinforcing fibers in the composite material. Instead

of a clearly discernible transition between the normal wing

shell and the panel 17 held together by screw- Or rivet joints,

both areas merge smoothly, so that there 1is not sharp boundary

between the two laminates. Here the term "panel” rather
means a panel-like area which does not have sharply discern-
ible edges relative to the lower wing shell 19. The transi-
tion area between the panel 17 and the lower wing shell 19

may have several different structures as shown in Figs. 5, 6,

and 7 to be described below.

Fig. 5 shows two longitudinal reinforcing ribs 17A and 17B

in the transition area between the panel 17 and the lower

wing shell 19.

Referring first to Fig. 8, before describing Figs. 6 and 7,
t+he various fiber orientations are illustrated in Fig. 8. The
fiber orientation refers to the layers of fibers in the com-

posite material as used acocrding to the invention. The

2915 - 10 -
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1 fiber orientation is considered relative to a horizontal
line H. Fibers Fl have a 0°-orientation silnce the fibers Fl
run in parallel to the horilzontal H. Fibers F2 have a 90°-
orientation since the fibers F2 extend perpendicularly toO
+he horizontal H. Fibers F3 have a +45° orlentation since
+he fibers F3 extend with an upward left to right slope of
A5°. Fibers F4 have a -45°-orientation since the fibers Fd

extend with a downward slope from left to rignt.

Fig. 6 shows a construction 1in which the lower wing shell LS

10 is formed or laminated to include, away from tae manhole 18,
lavers with a 90° £iber orlentation, lavers with a =43°-orlen-
tations, ané layers with a 0°-orientation. However, nex<
to the manhcle 18 +the lavers with a 0°-Iiber orientation
are omitted +o form a depression D to the right anéd left
of the hole 18. The areas 17E and l17F next to the hole 18
comprise only fiber orlentations 0f Z45° or a few lavers
with a 90° “iber orientaticn. The relniorcement 17C ancd 17D

next to thz hole 18 are then layered O satisfyv the present

teaching regarding the diifferent moduli of elasticity.

20 Fig. 7 shows an embodlment, wherein the lower wing shell 1O
does not form a depression 1n the areas 17G and l1l7H nex<t
+o the hole 18. Instead, the reinforcements 17I ancd L
are modified compared to the shape OI the reinforcements 17C
ané 17D in Fig. 6. In Fig. 7 <the depression 1s avoldecd oecause
even though fiber layers with a D°-orientation also end 1n

the marginal region away from +he hole 18, the 0°-orientation

2915 ' - 1l -
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1 fiber layers have been replaced in the areas 17G and 1l7H
by *45° fiber orientation layers so that no depression 1is
formed, whereby in a layered ply immediately next to the
holes 18, a different fiber orientation prevalls, compared
to the other fibers of the layered ply further away from
the holes 18. As a result, the covers for the access holes 18
and the panel 17 are realized in such a way that the covers
and the plate are substantially dimensioned to transfer shear-
ing forces. This solution according to the ilnvention offers
10 all known advantages of conventional manhole arrangements
of this type, namely, the covers are easy to assemble and
disassemble, no support of the wing is necessary during work
on the wing, there is a good accessibility, and no bores
are requirea in the wing skin, whereby the wing 1s not weak-
ened. Further, the essential disadvantages of conventional
manhole arrangements which are primarily to be seen 1n the
large weight of the conventional structures, has been avolded

altogether by the invention.

Although the invention has been described with reference
20 to specific example embodiments, it will be appreciated that
it is intended to cover all modifications and eguivalents

within the scope of the appended claims.

2915 - 12 -
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CLAIMS:

1. An aircraft construction comprising a shell structure made of fiber
composite material, said shell structure including reinforcing members and a
skin supported by said reinforcing members, said skin including at least one
access opening and a cover for said access opening, said skin of said shell

structure comprising a first area wherein said access opening and said cover are

located, said first area having a first construction of a fiber reinforced
lamination having a first modulus of elasticity that permits yielding in a
longitudinal direction of said aircraft structure, said skin of said shell structure
further comprising a second area surrounding said first area, said

second area including a second construction of a further fiber reinforced
lamination having a second modulus of elasticity which is higher than said first
modulus of elasticity of said first area, so that said second area is stiff in said
longitudinal direction relative to a longitudinally effective force, so that said
first area and said cover take up only a small proportion of a total longitudinally
effective force applied to said fiber composite aircraft construction, and so that
sald second area takes up a larger proportion of said applied, longitudinally

etfective force, thereby substantially relieving said cover of said longitudinally

eftective force.

2. The aircraft construction of claim 1, wherein said cover is a separable

cover panel, said aircraft construction comprising screw connections for

securing said separable cover panel to said aircraft construction.

3. The aircraft construction of claim 1, wherein said shell structure of

fiber composite material 1s mounted by rivets to said aircraft structure.
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2.

4. The aircraft construction of claim 1, wherein said shell structure of

fiber composite material forms a panel which is a monolithic, integral part of

said aircraft construction.

5. The aircraft construction of claim 2, wherein said separable cover panel

comprises sald at least one access opening closeable by said cover.

6. The aircraft construction of claim 1, wherein said fiber composite
material of said shell structure comprises reinforcing fibers having a

substantially 0°-fiber orientation.

7. The aircraft construction of claim 1, wherein said cover is made of

fiber composite material including reinforcing fibers with a +45° fiber

orientation.

8. The aircraft construction of claim 4, wherein said monolithic panel
forming said integral part of said aircraft construction comprises said at least

one access opening closeable by said cover.

9. The aircraft construction of claim 1, wherein said shell structure is part

of an aircraft wing.

10. The aircraft construction of claim 1, wherein said cover is constructed

for transferring shear forces.

11. The aircraft construction of claim 1, wherein said first and second

areas have approximately equal shear moduli.
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