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Abstract

A Trussed Structure

i, R S P —

The invention provides an improved trussed structure, where
assembly of the structure may be simpler and/or the
structure may have a lower weight than prior art trussed
structures. In particular, the invention provides a trussed
structure comprising a frame and at least one strut, wherein

the frame 1s of composite material and includes sockets

which are integral with the frame. The invention also

provides a process of making the trussed structures. The

struts are typically of composite material and the trussed
structures of the invention are particularly suitable for

use in aircraft, for example, as wing ribs or floor beams.
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A Trussed Structure

The inventlion relates to a trussed structure, 1in

particular, a trussed structure of the type used in
alrcraft, for example, 1n wing ribs and floor beams, and to
a process of making a trussed structure.

Trussed structures, that 1s, structures comprising an
outer frame supported by struts, are structurally strong
whlilst also being lightweight, and have found application in
the aerospace, marine and civil engineering industries.
Wooden trussed roof structures i1in residential homes and
metal trussed roof structures in industrial buildings are
examples of trussed structures.

Composite materials such as carbon fibre composites
offer a saving in weight as compared to metal, but the
increased cost has limited the use of composite materials to
applications where weight saving is of particular

importance, for example in aircraft. Trussed rib structures

in aircraft wings are conventionally made by attaching the
struts directly to the wing skin(which acts as an outer

frame) using metal fittings.

Those metal fittings can reduce or eliminate the weight

advantage gailned in using the composite material. Such

e

trussed structures having metal fittings also suffer from

the disadvantages associated with the dissimilar materials

having different coefficients of thermal expansion and from
galvanic corrosion between the metal and carbon fibre.

The invention provides a trussed structure for use in
an aircraft comprising a frame and at least one strut,
wherein the frame is of composite material and includes

sockets for the struts which are integral with the frame.
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The term “sockets” as used herein 1s to be understood
as referring broadly to portions of the frame which overlap
and accommodate the struts. As explailned below, the frame
may be co-cured or co-bonded with the struts in which case

the material of the frame may be as one with the material of

the struts. The portions of the frame which overlap and
accommodate the struts are sockets as defined herein.

In contrast to conventional aircraft wing rib trussed
structures, the trussed structure of the invention does not
use the wing skin as a frame but has instead 1ts own

integral frame. The sockets are integral with the frame,

that 1s, they are made as one piece with the frame and
therefore there is no need for any separate socket fixings
to be attached to the frame, making the assembly of the
structure of the invention simpler and also making possible
a reduction in weight, as compared to known structures
having metal fittings. The frame will, in general, comprise
one or more members which extend around the periphery of the

structure.

In a preferred embodiment, the frame consists of a

single member which extends around the periphery of the
trussed structure and defines a central opening, across
which the strut or struts extend.

The frame will typically comprise one or more pairs of
opposed sockets, into which the strut or struts fit. The

frame will be of composite material, preferably a composite

material comprising a reinforcing fibre such as carbon or
glass fibre. Preferably, the frame comprises carbon fibre.
The matrix material may be thermosetting or thermoplastic
but is preferably a thermosetting material - for example, an
epoxy resin.

preferably, at least part of the reinforcing fibre

assembly of the sockets will be continuous with the
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reinforcing fibre assembly of the frame, that is, at least
some of the fibres defining the socket portions are woven
into the fibres of the rest of the frame. Preferably, at
least part of the reinforcing fibre assembly of the socket

5 1s formed of the reinforcing fibre assembly of the frame.

The matrix material of the frame 1s preferably formed as one

piece in a single step, with no discontinulties or welds.
The trussed structure will typically include a

plurality of struts, for example, five or more struts.

10 Generally, the struts will be of tubular form and otf
circular cross-section preferably having a diameter in the
range of from 10mm to 30mm, although structures having other
forms of strut are within the scope of the invention.
Preferably, the struts will be of composite material, more

15 preferably a carbon fibre composite material. The matrix
material of the struts may be thermosetting or
thermoplastic, but is preferably a thermosetting material
such as an epoxy resin. Preferably, both the frame and the
struts are of carbon composite material.

20 The struts may be formed, for example, by extending a

braided fibre sock over a cylindrical mandrel and
impregnating the sock with a resin or, more preferably, by
winding the fibre onto a cylindrical mandrel. The fibre may
be pre-impregnated with resin or the resin may be infused

25 after winding. After curing the mandrel 1s removed to leave
tubes of composite material which are cut to the desired
length. Alternatively, the struts may be co-cured with the

frame, as described below.
The frame preferably comprises a series of plies of
30 fibre material in which the fibres of each ply extend 1n a
predetermined orientation with respect to the fibres on the
other plies. For example, the frame may comprise four plies

laid at 0°, +45°, -45° and 90°. The frame may comprise one
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or more additional plies in the regions of the sockets to
provide additional strength 1n those regions or,
alternatively, the frame may comprise one or more additional
plies 1n the regions between the sockets to provide extra
strength in those regions, for example, to reinforce regions
of a wing rib frame where the frame is fastened to the wing
skin.

Conventionally, composite trussed structures for
alrcraft are made by laving up the desired number of plies
of shaped fibre material at the desired orientations with
respect to each other in a moulding tool, compressing the
fibre material, 1f desired, under a vacuum, closing the
moulding tool, injecting the resin into the tool and curing
the resin. The strut is then released from the tool,
drilled and machine-finished. Finally, the struts are then
assembled into position using metallic attachment fittings

and bolted fasteners.

In one embodiment of the invention, the trussed
structure is prepared by laying out at least one fibre ply
in a moulding tool, placing mandrels on the at least one
fibre ply in the desired locations and laying out at least
one further fibre ply over the mandrels to make a fibre
structure having socket portions around the mandrels. It
desired, the fibre plies may then be stitched together
around the socket portions for added strength. The moulding
tool is then closed and a resin matrix is injected and cured
in the conventional manner, prior to releasing the cured
frame from the tool. The mandrels are then removed to open
up the sockets and the frame is then drilled and finished as
necessary before the at least one strut is inserted into the
sockets and fixed in place, preferably with an adhesive.
Where an adhesive is used to fix the strut or struts in the

sockets, the mandrels used will be slightly larger than the
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at least one strut in order to provide space for the

adhesive between the outer surface of the strut and the
inner surface of the socket.

In a favoured embodiment, instead of using mandrels to

5 form the sockets and inserting the at least one strut into
the sockets of the cured frame, cured strut or struts are
laid in place within the fibre assembly of the frame as 1t
lies in the moulding tool, the tool is closed, resin 1s
infused into the frame and cured. The resin of the frame

10 cures around the portions of each strut which are received
within the sockets of the frame, ensuring an intimate
contact and a correspondingly strong bond between the at
least one strut and the frame. That process in which the
resin of the frame is cured around a previously cured strut

15 1s referred to herein as “co-bonding” of the frame and
styut.

In an especially preferred embodiment the fibre
material of the strut 1s supported on a mandrel, a matrix
material is infused, if necessary, into the fibre material

20 of the strut and the assembly of mandrel, fibre and uncured

matrix material is assembled together with the fibre

assembly of the frame in the frame moulding tool. Resin 1s
infused around the fibre assembly of the frame and cured
together with the resin of the struts, thereby forming an

25 especially strong bond. The cured frame and struts are then

released from the moulding tool and the mandrels removed

from the interior of the struts. That process 1s referred

to herein as “co-curing” of the frame and struts. It 1s

also envisaged that the matrix material of the struts could
30 Dbe introduced together with the matrix material of the frame

rather than being applied before the strut assembly 1s

introduced with the tool.
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ASs has been described above, the fibre reinforcement of

the frame may take the form of one or more plies of fibre

material. Preferably, however, the fibres of the frame are

in the form of a three-dimensional (3D) woven structure.

Such 3D structures are known for applications including
bridge structures, automotive components and ailrcraft
propeller blades. 3D-weaving, as referred to herein, 1is
where a variable cross-section 1s created from the weaving
process by simultaneous multiple insertions from one or both
sides of the fabric. Methods of 3D weaving are described in
US 5,085,252 and in the documents referred to therein.

3D-weaving 1s capable of producing straight from the

loom the fibre structure of the frame as a 3D assembly which
includes socket portions. In such 3D-woven structures
fibres run up and down through the structure and so
additional stitching in the regions of the sockets will not,
in general, be required although such extra stitching may,
of course, be included if desired.

Once the 3D fibre structure of the frame has been
woven, 1t may be placed into the moulding tool, mandrels or
struts may be inserted into the socket portions and resin
introduced and cured as described above in respect of frames
comprising fibre plies.

As mentioned above, the trussed structure of the
invention 1s especially suitable for use in aircraft. For
example, the trussed structure may be a rib for a wing or
tail section or a floor beam in an aircraft.

The invention also provides an alrcraft comprising a
trussed structure according to the invention. The trussed
structure may be a floor beam. The trussed structure may be
a rib.

The invention also provides a process of making a

trussed structure for use in an aircraft comprising the
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steps of forming a fibre assembly comprising socket portions
and i1ntroducing a matrix material into the fibre assembly to
create a frame having integral sockets.

The fibre material which forms the socket portions will
be connected, at least in part, with the adjacent fibre

material of the rest of the fibre assembly. Preferably, at

least part of the fibre material defining the socket

portions 1s continuous with the fibre material of the

adjacent non-socket portion of the fibre assembly. The
fibre material of the socket portions may be stitched onto

the fibre material of the non-socket portions of the fibre

assembly. When the fibre assembly comprises multiple plies,
the plies of the socket portions may be interleaved with the
plies of the non-socket portions of the fibre assembly.

Advantageously, the matrix material 1s a thermosetting
resin which is cured after being introduced into the fibre
assemply.

In one embodiment, the matrix material 1s 1ntroduced
into the fibre assembly of the frame to prepare the frame as
a first step and the struts are fixed or formed in the
sockets 1n a subsequent step.

As mentioned above, mandrels may be inserted into the
socket portions of the fibre assembly before the
introduction of the matrix material and removed after the
matrix material has been hardened to leave the sockets as
open recesses 1n the frame into which the struts can be
inserted. Thus, in one embodiment, the socket portions of
the frame are occupied by mandrels during the introduction
of the matrix material into the fibre assembly and during
any curing of the matrix material, the mandrels are
subsequently removed, and struts are introduced into the
sockets and are fixed in place with adhesive. At least one

of the sockets which accommodate each particular strut must
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be open at both ends in order to allow the strut to be slid
through and into the other socket.

Alternatively, at least one strut may be present in the
socket portions of the fibre assembly during the step otf
introducing the matrix material. Preferably, the struts are
of thermosetting composite material and are fully cured
before being introduced into the socket portions of the
fibre assembly, thereby resulting in co-bonding of the frame
and struts. More preferably, at least one assembly of fibre
and uncured matrix material supported on a mandrel 1s
introduced into the socket portions of the fibre assembly
and the at least one assembly and the frame are co-cured.
The at least one mandrel i1s then removed after curing.

Embodiments of the invention will now be described for
the purpose of illustration only with reference to the
figures 1in which:

Fig. 1 shows an embodiment of a simple wing rib trussed
structure according to the invention;

Figs. 2a to e show steps in a method of making a frame
for use in a trussed structure according to the invention;

Fig. 3 shows a 3D-woven fibre structure for use 1in a
frame for a trussed structure according to the invention;
and

Fig. 4 shows the fibre structure of Fig. 3 laid up 1in a
moulding tool with three struts in place and a fourth strut

in alignment, ready for insertion into the socket portions

of the fibre structure.

Fig. 1 shows a trussed structure according to the
invention for use as a wing rib in an aircraft. The trussed
structure 1 comprises four tubular struts 2 and a frame 3 of

generally rectangular shape with the two long sides being

bowed outwards somewhat.
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The frame 3 comprises eight sockets 4, 4', 5, 5', 6, 6

and 7, 7', arranged in four opposing pairs, each opposing

amd

pair of sockets holding the two end portions of one of the

struts 2.

The sockets 4, 4', 5, 5', 6, 6' and 7, 7', are 1integral
with the frame, that is, they are formed of the composite
material of the frame where that material extends around the
end portions of the gtruts.

Figs. 2a to e show steps in one method of making a
frame for a trussed structure according to the invention.
Fig. 2a shows a partial view of a carbon fibre ply 8 which
is a cut shape for use in a wing rib, laid up in a moulding
rool (not shown). The moulding tool has a groove of semi -
circular cross-section running transverse to the length of

the carbon fibre ply 8. That carbon fibre ply 8 has been

forced into the groove so that it conforms to the shape of
the groove. As shown in Fig. 2b, a cylindrical mandrel 9 1s
then placed in the groove on top of the first ply 8. The
mandrel 9 has a radius substantially equal to the radius of
the groove minus the thickness of the first ply 8 so that it
fits snugly into the depression in the carbon fibre ply 8
where it conforms to the groove. The mandrel 9 extends (not
shown in Fig. 2b) across the moulding tool so that its other
end lies in a similar groove on the other side of the fame,

such that two aligned sockets are formed on opposite sides

e

of the frame.

A second ply 10 of carbon fibre (shown 1n part in Fig.
2¢c) is then laid on top of the first ply 8 and over the
mandrel 9. The second ply 10 is forced down so that it lies
snugly over the mandrel 9, which is thereby sandwiched
between the first ply 8 and the second ply 10.

The first and second plies 8 and 10 are then stitched

together on either side of the mandrel 9 for extra
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reinforcement with the stitches 11 being arranged in rows

running parallel to the mandrel 9. The moulding tool 1is
then closed, aerospace epoxy resin 1s infused into the
carbon plies 8 and 10 and the resin 1s then cured. The
cured frame is then released from the moulding tool and the

mandrel 9 1s withdrawn to leave the formed socket 12 as an

open ended recess of constant circular cross-section
extending transversely across the frame 13 of cured
composite material. The full frame 13 1s shown 1n Fig. Z2Ze,
without struts. As can be seen from Fig. 2e, the opposite
side of the frame 13 from socket 12 includes an opposing
socket 14 which was formed around the same mandrel 9 and 1s,
1n consequence, aligned with socket 12 for receiving a
strut. The frame 13 can then be drilled and machined as
required. Struts are then inserted into the sockets and

fixed in place with adhesive to form the trussed structure.

In a variation of the method shown in Figs. 2a to €,
cured struts are used 1in place of the mandrels 9. In that

variation, the resin of the frame cures (co-bonds) around

the end portions of each strut, thereby forming a strong

bond with the strut. In a further variation, carbon fibre
filament coated with uncured (“*wet”) resin 1is wound onto
strut mandrels and the uncured carbon fibre/resin/mandrel

assemblies are used in place of mandrels 9. In that

variation, the resin of the strut is co-cured with the resin
of the frame, thereby providing an especially strong bond.
The strut mandrels are removed subsequently and the frame
drilled and finished as before.

Fig. 3 shows a 3D-woven carbon fibre structure 15 which
includes eight socket portions 16 arranged in four opposed
pairs, which are woven as one with the rest of the structure
15. The warp and weft directions are indicated by arrows A

and B respectively. If desired, additional plies 17 having
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a particular desired orientation may be added to the fibre
structure 15 in the regions between sockets 16 (only one
section of addition ply 17 is shown in Fig. 3 for clarity)
to add strength in a particular direction.

Fig. 4 shows the fibre structure 15 with three cured
composite struts 18 1in place 1n respective opposed pairs of
socket portions 16 and a fourth strut 19 in alignment with
the fourth pair of socket portions 16, ready to be inserted
into those socket portions 16. The frame/strut assembly
lies in an open moulding tool 20. When the last strut 19 1is
in place in socket portions 16, the moulding tool 20 1s
closed, resin is infused into the fibre structure 15 and
cured, thereby co-bonding with the struts 18, 109.

The scope of the claims should not be limited by
particular embodiments set forth herein, but should be

construed in a manner consistent with the specification as a

whole.
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Clalms

1. A trussed structure for use in an aircraft comprising a
frame and at least one strut, wherein the frame 1s of

5 composite material and includes sockets which are integral

with the frame.

2. A trussed structure as claimed in claim 1 in which the

composite material comprises carbon fibre.

10
3. A trussed structure as claimed in claim 1 or claim 2 1n
which the matrix of the composite material 1s a
thermosetting material.

15 4, A trussed structure as claimed in any one of claims 1

to 3 in which the at least one strut is of composite

material and has been co-~cured with the frame.

5. A trussed structure as claimed in any one of claims 1
20 to 3 in which the at least one strut is of composite

material and has been co-bonded with the frame.

6. A trussed structure as claimed in any one of claims 1

to 3 in which the at least one strut is fixed in the sockets

25 with adhesive.

7. A trussed structure as claimed in any one of claims 1

to 6 in which the frame 1s a 3D-woven structure.

30 8. A trussed structure as claimed in any one of claims 1

to 7 in which the frame comprises stitching in the region of

P
el

at least one of the sockets.
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9. A trussed structure as claimed in any one of claims 1

P

to 8 which comprises a series of plies of fibres.

10. A trussed structure according to any one of claims 1 to

9 which is a rib or a floor beam for an aircraft.

11. An aircraft comprising a trussed structure according to

any one of claims 1 to 10.

12. A process of making a trussed structure for use 1n an

N -

aircraft comprising the steps of forming a fibre assembly

comprising socket portions and introducing a matrix material

into the fibre assembly to create a frame having integral

sockets.

13. A process as claimed in claim 12 in which the matrix

material is a thermosetting resin and, after introduction

into the fibre assembly, 1s cured.

14. A process as claimed in claim 13 in which at least one

strut is present in the socket portions of the frame during

the step of curing the resin.

15. A process claimed in claim 14 in which the at least one
strut is of thermosetting composite material and 1is fully

cured before being introduced into the socket portions.

16. A process as claimed in claim 14 1in which at least one
assembly comprising fibre, uncured resin and a mandrel 1s
introduced into the socket portions of the fibre assembly

and the at least one strut assembly and the frame are

co-cured.
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17. A process as claimed in claim 12 or claim 13 in which

the socket portions of the frame are occupied by mandrels

during the introduction of the matrix material into the
fibre assembly and during any curing of the matrix material,
the mandrels are subsequently removed, struts are introduced

into the sockets and are fixed in place with adhesive.
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