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A fitting for joining a first component to a second component, the fitting comprising a composite part and a reinforcement element.
The composite part is formed from two or more layers of composite material and comprises: a base; an end wall meeting the base
at a first corner; and a side wall meeting the end wall at a second corner and the base at a third corner. The reinforcement element
IS shaped such that it can be fitted to the composite part and engage the end wall of the composite part, the first corner of the
composite part; and the second corner of the composite part. The fitting has reduced galvanic corrosion and differential thermal
expansion problems without increasing the thickness of the walls to an unacceptable level.
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ABSTRACT

A fitting for joining a first component to a second component, the fitting comprising a
composite part and a reinforcement element. The composite part 1s formed from two or
more layers of composite material and comprises: a base; an end wall meeting the base at
a first corner; and a side wall meeting the end wall at a second corner and the base at a
third corner. The reinforcement element 1s shaped such that it can be fitted to the
composite part and engage the end wall of the composite part, the first corner of the
composite part; and the second corner of the composite part. The fitting has reduced
galvanic corrosion and differential thermal expansion problems without increasing the

thickness of the walls to an unacceptable level.
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KFITTING

FIELD OF THE INVENTION

The present invention relates to a fitting for joining a first component such as a centre wing

box to a second component such as a lateral wing box.
BACKGROUND OF THE INVENTION

A conventional tension corner fitting for joining a lateral wing box to a centre wing box 1s
shown in Figure 1. The fitting comprises a base; an end wall meeting the base at a first
corner; and a side wall meeting the base at a second corner and the end wall at a third
corner. The base and side wall are bolted to one of the wing boxes, and the end wall 1s

bolted to the other.

Such fittings are conventionally formed from a metallic material. It would be desirable to
form a fitting of this kind with a composite material, particularly when the centre wing box
and/or lateral wing box are also formed from a composite material. This would remove
galvanic corrosion and differential thermal expansion between the parts caused by the
mismatch in materials. However the different properties of composite materials (in
comparison with metals) makes it difficult to form a fitting of the required strength without
having to increase the thickness of the walls of the fitting to unacceptable levels. In
particular, it would be desirable to increase the thickness of the end wall relative to the
base and side wall in order to minimise end wall bending, and to increase the thickness of
the corners to minimise through-thickness failure at the corners. This variation in thickness

is difficult to manufacture in a composite material, particularly a laminate.

SUMMARY OF THE INVENTION

A first aspect of the invention provides a fitting for joining a first component to a second

component, the fitting comprising:

a composite part formed from two or more layers of composite material, the

composite part comprising:
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a base;
an end wall meeting the base at a first corner; and

a side wall meeting the end wall at a second corner and the base at a

third corner; and

a reinforcement element which is shaped such that it can be fitted to the composite
part and engage the end wall of the composite part, the first corner of the composite

part; and the second corner of the composite part.

The reinforcement element provides an alternative means of strengthening the end wall of
the fitting, without requiring any variation in the thickness of the composite part. This
makes an optimum configuration much easier to achieve. The reinforcement element also
engages at least the first and second corners to provide further reinforcement and to

counteract the tendency of the layers to come apart at the corners of the composite part.

The composite part typically further comprises a second side wall meeting the base at a
fourth corner and the end wall at a fifth corner; and the reinforcement element is shaped
such that it can be fitted to the composite part and engage the fifth corner of the composite
part. This second side wall may be joined to a component in use (for instance where the
fitting is a corner fitting) or may be for stiffening purposes only (for instance where the

fitting is a channel fitting, or part of a crown fitting).

The composite part typically further comprises an upper wall meeting the side wall at a
corner and the end wall at a corner; and the reinforcement element is shaped such that 1t
can be fitted to the composite part and engage the corner of the composite part between the
end wall and the upper wall.. Where the composite part has two side walls, the upper wall

typically adjoins both side walls at respective corners.

The edge of the upper wall opposite to the end wall may be formed with a recess to reduce

weight and/or permit easy access to the reinforcement element.
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Typically at least one of the side walls of the composite part has an edge which 1s inclined
at an acute angle to the base to reduce weight and/or permit easy access to the

reinforcement element.

The base and end wall of the composite part may be joined to the first and second
components (when in use in a joint) by any means such as: co-bonding, co-curing, an
adhesive layer, or a fastening element such as a bolt. Where a fastener 1s used, 1t may be a
metal fastener, or may be formed from a composite material. Preferably the base and end
wall (and optionally also the side wall) of the composite part each have one or more holes
formed therein for receipt of a fastening element. Optionally the reinforcement element

may also have one or more holes formed in it for receiving a fastening element.

The reinforcement element is typically formed from a different material to the composite

part, most typically a non-composite material such as a metal.

One or more of the corners may be fitted with a filler which is engaged by the washer. In
this case, the filler may have a planar surface which is engaged by a planar surface of the
washer. Alternatively at least one of the corners of the composite part may be rounded and

engaged by a rounded edge of the reinforcement element.

A further aspect of the invention provides a joint comprising:
a first component;
a second component; and

one or more fittings according to the first aspect of the invention, each fitting

having its base joined to the first component and its end wall joined to the second

component.

The joint may be used in a variety of applications including for instance automotive or
marine applications. However the joint is particularly suited for aerospace applications.
For instance the first component may be part of a centre wing box of an aircraft, and the

second component may be part of a lateral wing box of an aircratt.
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A turther aspect of the invention provides a method of manufacturing the fitting of the first
aspect of the invention, the method comprising fitting the reinforcement element to the
compostte part such that 1t engages the end wall of the composite part, the first corner of

the composite part; and the second corner of the composite part.

Preferably the method further comprises moulding the composite part in contact with the

reinforcement element, in order to ensure intimate contact between the parts.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described with reference to the accompanying

drawings, in which:
FIG. 1 is a perspective view of a conventional corner fitting;

FIG. 2 is a perspective view of a corner fitting constituting a first embodiment of the

invention;
FIG. 3 is a longitudinal cross section through the centre of the fitting of Figure 2;
FIG. 4a is a transverse cross section through the fitting of Figure 2;

FIG. 4b is a transverse cross section through the fitting of Figure 2, with the washer

removed;
FIG. 5 is a longitudinal cross section showing one corner of the fitting of Figure 1 in detail;

FIG. 5a is a longitudinal cross section showing a first alternative corner profile for the

fitting;

FIG. 5b 1s a longitudinal cross section showing a second alternative corner profile for the

fitting;
FIG. 6 1s a schematic cross section showing a rear end of an aircraft wing root joint;

FIG. 7 1s a schematic cross section showing a central part of the root joint of FIG. 6; and
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FIG. 8 is a perspective view of a crown fitting constituting a second embodiment ot the

invention.

DETAILED DESCRIPTION OF EMBODIMENT(S)

Referring to Figures 2-4b, a corner fitting 1 comprises a composite part having a base 2, an
end wall 3, a left side wall 4, a right side wall 5, and an upper wall 6 which meet at eight

corners 40-47.

The composite part of the fitting 1 is manufactured from a composite material using either
pre-impregnated tapes or fabrics, woven textiles or non-crimp fabrics, 3D woven preforms,
short or long fibre moulding techniques, or dry fibre placement. The reinforcement fibres
may be for example carbon fibre, and the matrix of the composite may be either

thermosetting or thermoplastic.

In the case of a 3D woven preform, the preform (woven into the desired shape) is placed in
a moulding cavity, and compressed by a set of mandrels to mould the part into its final
shape. After the moulding step, the preform is also infused with matrix material. In the
case of a thermosetting matrix, the matrix is cured by heating above its curing temperature

during moulding.

In the case of 2D fabric, the flat fabric is cut and folded into the desired configuration,
placed in a moulding cavity, and compressed by a set of mandrels to mould the part into 1ts
final shape. After the moulding step, the fabric is also infused with matrix material. In the
case of a thermosetting matrix, the matrix is cured by heating above its curing temperature

during moulding.

In the case of a short or long fibre moulding technique, a charge of matrix material
containing randomly oriented short fibres is placed in a moulding cavity, heated and

pressed to mould the charge into the desired shape.

The base 2 and left side wall 4 each have four bolt holes 7, 8 punched along their centre
lines. The rear wall 3 has a single bolt hole 9 punched through its centre. Note that the

number of bolt holes in the fitting may vary, depending on its configuration.
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The right side wall 5 has no bolt holes and is provided for strengthening purposes only.
Specifically it increases the capability of the fitting to carry loads transverse to the base 2.

The right side wall 5 is cut away to minimise weight, leaving an angled edge 10.

The upper wall 6 also has no bolt holes and is provided for strengthening purposes only.
Specifically it increases the capability of the fitting to carry loads transverse to the side

walls 4,5. The upper wall 6 is cut away to minimise weight, leaving a concave edge 11.

The right side wall 5 and upper wall 6 are cut away sutficiently to permit access to bolts

and nuts, and to minimise stress concentrations.

A throat washer 12 with a bolt hole 13 through its centre is received as a push fit in the
recess formed by the four walls 3-6 of the composite part in combination with the base 2.
As shown in Figure 3, the washer 12 has an end surface engaging the end wall 3; a base
surface engaging the base 2; and an upper surface engaging the upper wall 6. As shown 1n
Figure 4a; the washer 12 also has a left side surface engaging the left side wall 4, and a
right side surface engaging the right side wall 5. The washer has eight rounded edges, two
of which are not shown, and six of which are labelled 40°-45" in Figures 3 and 4a. The
eight rounded edges of the washer engage the eight rounded corners 40-47 of the
composite part as shown in Figures 3 and 4a. The throat washer 12 may be a premachined

aluminium, titanium or steel part.

Figure 5 shows the interface between one corner 45 ot the composite part and an edge 45°
of the washer 12. The interfaces at the other seven corners are similar. The composite part
is formed from a series of plies. In the case of Figure 5 six plies are shown, but in practice
there may be a greater or lesser number of plies. Each ply is bent round the corner 45 with
a radius of curvature centred on a common point. The radius of curvature of the inner ply
at the corner is typically higher than 1mm, most typically of the order of Smm. The radius
of curvature for each ply may be constant to give a circular configuration, or the radius

may vary, for instance to give an elliptical configuration.

In one of the failure modes of the fitting, the end wall bends and causes the corners to

unfold. This tends to cause the plies to pull apart at the corner, potentially resulting 1n
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through-thickness failure. The washer 12 has an end surface which engages the end wall 3

and thus resists bending of the end wall3. The edge 45° of the washer 12 is rounded with
the same radius of curvature as the inner ply at the corner 45. Thus there is intimate
engagement between the edge 45° and the corner 45 so that the washer 12 supports the

corner and reduces the chance of such through-thickness failure.

The washer 12 may be placed in the moulding cavity in contact with the composite part
during moulding, to ensure a tight fit and intimate contact with the composite part.
Alternatively, intimate contact may be achieved by bonding the washer into place, with a

filler occupying any gap between the washer and the composite part.

A first alternative interface is shown in Figure 5a. In this case the radius of curvature of
the corner 45a and edge 45a’ are greater than in Figure 5, and the washer 12 has no planar

upper surface engaging the upper wall 6.

A second alternative interface is shown in Figure 5b. In this case the washer 12 has a
chamfered edge 45b. The inner ply of the composite part has the same form at the corner
as in Figure 5. However in this case the gap between the inner ply and the chamfered edge

45b° of the washer is injected with a filler of matrix material 47.

A root joint for an aircraft wing is shown in Figure 6, incorporating six of the corner
fittings 1 shown in Figure 1. The fasteners connecting the various parts are not shown.
The root joint shown in Figure 6 provides a connection between a centre wing box 20 and a
lateral wing box 21. The centre wing box 20 comprises a rear spar web 22 with a pair of
rear spar flanges 22°, an upper skin 23 and a lower skin 24. The lateral wing box 21
comprises a rear spar web 25 with a pair of rear spar flanges 25°, an upper wing skin 26
and a lower wing skin 27. A rib 28 forms the interface between the centre wing box 20 and
the lateral wing box 21 (or equivalently the rib 28 can be considered to be part of the centre

wing box or the lateral wing box).

Six corner fittings 1 are shown in Figure 6, connecting the wing boxes to opposite faces of
the rib 28. The base of each corner fitting 1 is bolted to one of the skins 23,24,26,27
through the holes 7 in the base of the corner fitting and one of the spar flanges 22°,25°.
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Each fitting 1 is also bolted to one of the spar webs 22,25 through the holes 8 in the side
wall 4, and to the rib 28 through the hole 9 in the end wall 3. A splice plate 29 is also fitted

below the lower wing skins 26, 27.

The root joint has a similar set of corner fittings 1 at the interface between front spars of

the wing boxes (not shown).

The cross section of Figure 6 shows the corner fittings 1 which are provided at the rear end
of the root joint. Crown fittings and channel fittings are also provided between the front
and rear ends of the root joint, and a cross section through the middle of the root joint 1s
shown in Figure 7. A pair of crown fittings 30 and four channel fittings 31 are shown 1in

Figure 7.

Figure 7 also show stringers which run spanwise along the inner faces of the skins
23,24.26,27. Each stringer has a stringer foot 35 and a stringer blade 36. Each stringer
foot 35 is bolted to the base of a respective channel fitting 31 and the skin, and each

stringer blade 36 extends between an adjacent pair of channel fittings.

Figure 8 is a perspective view of one of the crown fittings 30. The crown fitting 30
comprises a row of channel fittings which are joined to each other by their adjacent side
walls and wrapped in an enclosing wrap 33. Each channel fitting comprises a base 34, left
and right side walls 35, 36, an end wall not shown in Figure 8, and an upper wall 37. The
end wall and the base each have bolt holes (not shown in Figure 8) similar to the holes 7, 9
provided in the corner fitting of Figures 1 and 2. The left and right side walls 35, 36 are
each cut away to provide angled edges 38, 39. A throat washer 50 is mounted in each
channel fitting and has a bolt hole (not shown) similar to the bolt hole 13 provided 1n the
corner fitting of Figures 1 and 2. Thus each channel fitting is similar in form to the corner

fitting of Figures 1 and 2, except that the left side wall 36 is cut away as well as the right
side wall 335.

Adjacent channel fittings in the crown fitting 30 are bonded to each other by an adhesive,

and/or bolted to each other, and the assembly is held securely by the enclosing wrap 33.
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As shown in Figure 7, the base 34 of each channel fitting in the crown fitting 30 is bolted
to the upper skin 23, 26, and the end wall is bolted to the rib 28.

The channel fittings 31 shown in Figure 7 are of a similar construction to those which are
joined together to form the crown fitting 30, except that the channel fittings 31 are not
joined to adjacent channel fittings, and are not held together in an enclosing wrap to form a

crown fitting. Otherwise, their construction and manner of fixing is identical.

Although the invention has been described above with reference to one or more preferred
embodiments, it will be appreciated that various changes or modifications may be made

without departing from the scope of the invention as defined in the appended claims.

XA2294 9
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What 1s claimed 1s:

l.

A fitting for joining a first component to a second component, the fitting comprising:

a composite part formed from two or more layers of composite material, the

composite part comprising:
a base;
an end wall meeting the base at a first corner; and

a side wall meeting the end wall at a second corner and the base at a third

corner; and

a reinforcement element which 1s shaped such that i1t can be fitted to the composite part
and engage the end wall of the composite part, the first corner of the composite part; and

the second corner of the composite part.

The fitting of claim 1, wherein the composite part further comprises a second side wall
meeting the base at a fourth cormer and the end wall at a fifth corner; and the

reinforcement element 1s shaped such that it can be fitted to the composite part and

engage the fifth corner of the composite part.

The fitting of claim 1 or 2, wherein the composite part further comprises an upper wall
meeting the end wall at a corner; and the reinforcement element 1s shaped such that it can
be fitted to the composite part and engage the corner of the composite part between the

end wall and the upper wall.

The fitting of claim 3 wherein the upper wall has an edge opposite to the end wall which

1s formed with a recess.

The fitting of any one of claims 1 to 4 wherein at least one of the side walls of the

composite part has an edge which 1s inclined at an acute angle to the base.

The fitting of any one of claims 1 to 5 wherein the base and end wall of the composite

part each have one or more holes formed therein for receipt of a fastening element.

The fitting of any one of claims 1 to 6 wherein the reinforcement element has one or

more holes formed therein for receipt of a fastening element.
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8. The fitting of any one of claims 1 to 7 wherein the reinforcement element i1s formed from

a different material to the composite part.

9. The fitting of any one of claims 1 to 8 wherein the reinforcement element 1s formed from

a non-composite material.

10. The fitting of any one of claims 1 to 9 wherein the reinforcement element i1s formed from

a metal.

11. The fitting of any one of claims 1 to 10 wherein at least one of the corners of the
composite part 1s rounded and 1s engaged by a rounded edge of the reinforcement

element.

12. A method of manufacturing the fitting of any one of claims 1 to 11, the method
comprising fitting the reinforcement element to the composite part such that it engages
the end wall of the composite part, the first corner of the composite part; and the second

corner of the composite part.

13. The method of claim 12 further comprising moulding the composite part in contact with

the reinforcement element.
14. A joint comprising:
a first component;
a second component; and

one or more fittings according to any one of claims 1 to 11, each fitting having its

base joined to the first component and its end wall joined to the second

component.

15. The joint of claim 14 wherein the first component is part of a centre wing box of an

aircraft, and the second component is part of a lateral wing box of an aircraft.

16. The joint according to claim 14 or 15 wherein the joint is part of an aircratft.

11
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