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(67) Arib 101 comprises a web 112, having first 115 and

second sides 116, extending between first 102 and
second 103 flange portions, wherein each flange
portion 102, 103 has means to fix the rib 101 to
another component of the aircraft, which maybe a
wing skin. The sum volume of all the flanged
material 102, 104a, 108a at the same end as the first
flanged portion 102 may extend more to the first
side 115 than the second side 116, and the sum
volume of all the flanged material 103, 104b, 108b at
the same end as the second flanged portion 103
may extend more to the second side 116 than the
first side 115. A method is also disclosed; wherein
the material that forms the web 112 extends
diagonally across the billet 110 from which it may
be milled or drilled.
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Rib for aircraft wing and methods for

the manufacture thereof

The present invention relates to a rib and in particular,
but not exclusively, a rib for a wing of a large aircraft, and to
methods for the manufacture thereof.

Ribs typically form part of a structure that supports and
defines the shape of an aerofoil surface. For example, ribs are
may be provided in the aircraft wing or wing box of an aircraft,
the ribs providing support for the upper and lower wing skins. A
rib of the prior art will now be described. The rib comprises a
generally planar web structure disposed between a series of rib
feet associated with the upper wing skin and a series of rib feet
associated with the lower wing skin. The rib feet are, in use,
attached to other components of the aircraft wing box, such as
stringers. The rib feet at one end of the rib project at an
angle of less than 90 degrees from the surface of the main rib
body, with the rib feet associated with the upper wing skin
extending from the same side of the web as the rib feet
associated with the lower wing skin. The rib is machined from a
solid cuboidal one-piece block of metal material, known as a
billet, in order to provide strength and to remove the problems
associated with joining components that are made separately. The
rib web is formed from metal that lies near the surface on a
first side of the billet, and the ends of the rib feet are formed
from metal near the surface on the opposite side. Thus a
relatively small amount of machining is conducted on the first
side of the billet to form the web. Such a rib may suffer from
distortion problems which have to be accounted for during the rib
machining process because the metal at and close to the surfaces
of the billet is subject to residual stresses (resulting from the

process used to manufacture the billet) that may cause
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deformation of, or undesirable internal stresses in, the web
produced therefrom.

Furthermore, such ribs are usually provided with stiffeners
that add strength to the rib. 1In the above-described rib of the
prior art, these stiffeners project from one side of the web and
are formed from material in the billet on the opposite side of
the web to the first side of the billet. Thus, whilst the
inclusion of such stiffeners does not require a larger billet,
the neutral axis of the stiffeners is displaced from the plane of
the web. As a result, the stiffeners need to be stronger, and
therefore larger and heavier, than stiffeners provided on either
side of the web.

One possible way to reduce such problems is to provide an
extra (second) series of rib feet associated with the upper wing
skin and an extra (second) series of rib feet associated with the
lower wing skin, these extra rib feet projecting from the
opposing side of the rib web from which the first series of feet
project. Such a rib has a substantially ‘H’ shaped cross-section
and suffers less from some of the problems of the afore-mentioned
rib of the prior art, but suffers from the problem that two sets
of rib feet are associated with each wing skin thus increasing
the complexity of the machining task, increasing the welght of
the rib, and requiring a larger and more expensive billet from
which to machine the rib. As the size of the billet (especially
in terms of its thickness) increases, the structural properties
of the resulting metal may not be as good as those of a billet of
a smaller size. Thus, if the billet has to be larger to
accommodate a certain shape and size of rib, then the rib may
need to be made more massive in order to compensate for the
reduced structural strength of the metal from the larger-sized

billet.
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It is an object of the present invention to provide a rib,
and/or a method for the manufacture of a rib, which overcome or
mitigate some or all of the above-mentioned disadvantages.

According to a first aspect of the present invention there
is provided a method of manufacturing a rib for use in an
aircraft, the method comprising:

providing a billet of material for forming the rib,

machining away material from all sides of the billet to form
a rib for use in an aircraft, the rib including a web that
extends between first and second flanged portions, each flanged
portion having a flange that facilitates fixing of the rib to
another component of the aircraft, wherein

the material that forms the web extends diagonally across
the billet,

the web having a first face on a first side and a second
face on a second side opposite to the first side of the web, and

the first flanged portion extends more to the first side of
the web than to the second side and the second flanged portion
extends more to the second side of the web than to the first side.

“"Diagonally” is intended to mean non-parallel to any of the
four longitudinally extending sides of the billet. This enables
the web to be formed from material at least some of which is
remote from the surface of the billet. It also enables the web
to be formed from material from the billet at a variety of depths
from the surface of the billet. A web formed from material
solely at the surface of the billet may, as a result of the
distribution of the residual stresses throughout the billet, be
subject to undesirable stresses that cause undesirable
deformation of the rib after machining. Thus, manufacturing the
web from material that is remote from the surface and/or extends
across the depth of the billet by performing the method of the

present invention may reduce the likelihood of the manufactured
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web being subject to such deformations or may reduce the
magnitude of the deformations so caused. Preferably, the
material that forms the web extends from a region near one edge
(where two substantially planar surfaces meet) to a diagonally
opposite edge of the billet.

Preferably, the material that forms the web extends across
the middle of the billet. “Middle” in this instance is not to be
limited to a meaning of being geometrically central. Preferably,
the material that forms the web extends from a region near a
surface of the billet, which surface is roughly aligned with the
web of the rib to be formed, across the middle of the billet, and
to a region near the opposite surface of the billet. Thus the
web may be formed from material from the billet at a variety of
depths from the surface of the billet. The surface of the billet
that is roughly aligned with the web of the rib to be formed will
normally be the surface with the largest cross-sectional area.

The term “machining away” is intended to refer to any
process that is capable of removing material from a billet, such
as milling and drilling, for example. It will be understood that
material may be machined away from all sides of the billet by
means of a machine that works on two sides only of the billet,
for example the upper and lower sides of the billet.

The present invention advantageously enables a rib to be
made from a smaller, or similar-sized billet as that that would
be used to manufacture a prior art rib having the same load
bearing properties. The method of the present invention may also
produce a rib having reduced stress in the web, and/or reduced
undesirable deformations, caused by the residual stresses in the
billet, when compared to a rib made in accordance with methods of
the prior art.

The depth of billet used will of course depend on the

desired structural properties of the rib to be formed. By way of
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example, the billet may have a depth of less than 120mm. The
billet may have a depth of less than 100mm.

The sum volume of all of the flanged material, at the same
end of the rib as the first flanged portion, extending to the
first side may be significantly greater than the sum volume of
material, if any, of the sum volume of all of the flanged
material, at the same end of the rib as the first flanged
portion, extending to the second side. Similarly, the sum volume
of all of the flanged material, at the same end of the rib as the
second flanged portion, extending to the second side is
preferably significantly greater than the sum volume of material,
if any, of the sum volume of all of the flanged material, at the
same end of the rib as the second flanged portion, extending to
the first side. Providing flanged portions predominantly on one
side of the rib at each end of the rib may reduce the weight of
the rib, when compared to a rib having flanged portions on both
sides at both ends of the rib. Furthermore, providing a rib
whereby the volume of flanged material at one end of the rib
extends predominantly to the first side and whereby the volume of
flanged material at the other end of the rib extends
predominantly to the second side enables the method of the
present invention to be used to produce ribs that are compatible
with existing wings and wing boxes from existing billets.

The first and second flanged portions may be defined by a
unitary flanged structure and individual flanges may not be
readily discernable. Preferably, however, a plurality of
separately discernable flanges are provided at each end of the
web.

The first flanged portion advantageously extends
substantially entirely to the first side. It is further
preferred that substantially all of the flanged portions at the

same end of the rib as the first flanged portion extend
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substantially entirely to the first side. This may reduce the
complexity of the machining process and may reduce the weight of
the rib. Similarly, preferably, substantially all of the flanged
portions at the same end of the rib as the second flanged portion
extend substantially entirely to the second side.

It is preferred that the first and second flanged portions
each extend from the web at an angle of at least 90 degrees
relative to the web. This facilitates easier manufacture of the
rib and facilitates easier access to the web and other aircraft
components during and after installation of the rib in an
aircraft wing box.

It is further preferred that each of the first and second
flanged portions extend from the web at an angle of between about
95 degrees and about 120 degrees. Such a feature, may facilitate
simple machining and easy access to the web during and after
installation of the rib, while enabling relatively simple
attachment of the rib to other aircraft components.

The web of the rib may include a first strengthening
formation on the first side and a second strengthening formation
on the second side. Such strengthening formations typically
provide strength and stiffness to the rib.

The rib may include strengthening formations both on the
first side and on the second side and the sum volume of material
of all of the strengthening formations on the first side may be
within a factor of ten of the sum volume of material of all of
the strengthening formations on the second side. This provides a
degree of weight distribution between the two sides.

It is preferred that the sum volume of material of all of
the strengthening formations on the first side is within a factor
of two of the sum volume of material of all of the strengthening
formations on the second side. It is further preferred that the

sum volume of material of all of the strengthening formations on
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the first side is about equal to the sum volume of material of
all of the strengthening formations on the second side. Having
an even distribution of strengthening material on each side of
the rib enables the strengthening formation to be less massive
than would be the case were the strengthening formations provided
on one side only.

The rib may include a plurality of strengthening formations
on the first side and on the second side, each of the
strengthening formations on the first side being associated with
a corresponding strengthening formation on the second side. This
may provide a relatively even distribution of weight of the
strengthening material across the rib and may also enable loads
to be evenly distributed between the strengthening formations in
a pair associated with each other.

The pairs of associated strengthening formations on the
first and second sides are preferably positioned immediately
opposite each other, being separated by the web of the rib. This
may permit the neutral axis of the associated formations to be
approximately in the plane of the web and may allow the cross-
sectional area of the strengthening formations to be reduced.

It is further preferred that the plurality of strengthening
formations on the first side are preferably symmetrical to the
plurality of strengthening formations on the second side. This
may help reduce any undesirable stresses associated with
asymmetric loading or weighting of the rib. Such a symmetrical
arrangement may also enable a desired structural property to be
provided, whilst keeping the increase in mass in the structure to
a minimum.

It will be appreciated that there are various advantages
enabled by the present invention which do not necessarily require
the machining of the billet to form a web diagonally across the

billet. For example, some advantageous features require only
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that a portion of the web is formed from a portion of the billet
that is remote from the surface or sides of the billet or that
the web is formed from material from the billet at a variety of
depths from the surface of the billet. Furthermore, other
advantageous features of the invention do not necessarily require
flanges to be provided on opposite sides of the rib. Thus,
according to a second aspect of the invention there is provided a
method of manufacturing a rib for use in an aircraft, the method
comprising:

providing a billet of material for forming the rib,

machining away material from all sides of the billet to form
a rib for use in an aircraft, the rib including a web that
extends between first and second flanged portions, each flanged
portion having a flange that facilitates fixing of the rib to
another component of the aircraft,

the material that forms the web including at least a portion
that is positioned in a region remote from any side of the
billet,

the web having a first face on a first side and a second
face on a second side opposite to the first side of the web,

wherein the rib has a first formation extending more to the
first side than to the second side of the web and a second
formation extending more to the second side than to the first
side of the web, the first and second formations being of the
same type.

Preferably, the web is formed from material from the billet
at a variety of depths from the surface of the billet, for
example depths that extend across the middle of the billet. The
web may additionally be formed from material from the billet at
depths near to the surface of the billet. It is preferred that
the material that forms the web extends diagonally across the

billet.
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The reference to the first and second formations being of
the “same type” is intended to mean that the first and second
formations have the same general function. For instance, both
the first and second formations may be strengthening formations.
Alternatively, both the first and second formations may be
flanged portions for attaching the rib to another component of
the aircraft wing box.

Features of the first aspect of the invention may be
incorporated into the second aspect. For example, where
appropriate features described with reference to the flanged
positions of the first aspect may be incorporated as features
relating to the first and/or second formations of this second
aspect of the invention. Also, features relating to the
strengthening formations of the first aspect may be incorporated
in the formations of this second aspect.

It is preferred that all of the first formation extends
solely to the first side. It is further preferred that all of
the second formation extends solely to the second side.

As indicated above, the first and second formations may
comprise first and second strengthening formations, respectively.

According to a third aspect of the present invention there
is provided a rib for use in an aircraft, the rib comprising
a web extending between first and second flanged portions, each
flanged portion having a flange that facilitates fixing of the
rib to another component of the aircraft, the web having a first
face on a first side and a second face on a second side opposite
to the first side of the web, wherein the sum volume of all of
the flanged material, at the same end of the rib as the first
flanged portion, extending to the first side is significantly
greater than the sum volume of material, if any, of the sum
volume of all of the flanged material, at the same end of the rib

as the first flanged portion, extending to the second side, and
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the sum volume of all of the flanged material, at the same end of
the rib as the second flanged portion, extending to the second
side is significantly greater than the sum volume of material, if
any, of the sum volume of all of the flanged material, at the
same end of the rib as the second flanged portion, extending to
the first side.

This allows the rib to be made from a smaller, or similar-
sized, billet as those currently used but with reduced stress in
the web, and/or reduced undesirable deformations, caused by the
residual stresses in the billet.

The present invention yet further provides according to
fourth aspect of the invention a rib for use in an aircraft, the
rib comprising

a web extending between first and second flanged portions,
each flanged portion having a flange that facilitates fixing of
the rib to another component of the aircraft,

the web having a first face on a first side and a second
face on a second side opposite to the first side of the web,

wherein

the web includes a first strengthening formation that
extends out from the first face of the web and a second
strengthening formation that extends out from the second face of
the web.

The features of the methods of the first and second aspects
of the invention may be incorporated into the ribs of the third
and fourth aspects of the present invention. For example, the
rib may be machined from a solid billet, wherein the web and
flanged portions are defined by a monolithic structure. It is
preferred, for example, that substantially all of the flanged
portions at the same end of the rib as the first flanged portion
extend substantially entirely to the first side. Likewise, it is

further preferred that substantially all of the flanged portions
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at the same end of the rib as the second flanged portion extend
substantially entirely to the second side.

For reasons given above in relation to the methods in
accordance with the present invention, each of the first and
second flanged portions preferably extends from the web at an
angle of at least 90 degrees relative to the web. Both of the
first and second flanged portions may extend from the web at an
angle of between about 95 degrees and about 120 degrees.

The web of the rib may include a first strengthening
formation on the first side and a second strengthening formation
on the second side. This provides strength and stiffness to the
rib.

The rib may include strengthening formations both on the
first side and on the second side and the sum volume of material
of all of the strengthening formations on the first side may be
within a factor of ten of, is preferably within a factor of two
of, or more preferably is about equal to, the sum volume of
material of all of the strengthening formations on the second
side.

The rib may include a plurality of strengthening formations
on the first side and on the second side, each of the
strengthening formations on the first side being associated with
a corresponding strengthening formation on the second side. The
pairs of associated strengthening formations on the first and
second sides are preferably positioned immediately opposite each
other, being separated by the web of the rib. This allows the
neutral plane of the associated formations to be located
approximately in, or near to, the web. This allows the
strengthening formations to have a lower cross-section than might

otherwise be the case.
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The plurality of strengthening formations on the first side
are preferably symmetrical to the plurality of strengthening
formations and on the second side.

In the embodiment described below, at the end of the rib
comprising the first flanged portion there are provided rib feet,
all of which are positioned in a single row of feet extending at
greater than 90 degrees to the web on the first side. Also, with
reference to that embodiment, at the end of the rib comprising
the second flanged portion there are provided rib feet, all of
which being positioned in a single row of feet extending at
greater than 90 degrees to the web on the second side.

The invention also provides, according to a fifth aspect, a
rib resulting from the method of manufacture in accordance with
the first or second aspect of the present invention.

It will be clear to those skilled in the art that the
features of the rib described above in relation to the third and
fourth aspects of the present inventions may be incorporated into
the methods of manufacture of the present invention.

According to a sixth aspect of the present invention there
is provided an aircraft structure defining an aerofoil surface,
the structure comprising a skin, and at least one rib according
to the present invention. The structure defining an aerofoil
surface may for example be a wing, a fin or a part of a tail-
plane. The invention is of particular advantage in the case
where the rib forms part of the wing, or wing box, of an
aircraft. The skin may for example be in the form of at least a
portion of the wing skin of the wing. The present invention thus
also provides in accordance with this sixth aspect an aircraft
wing box comprising a wing skin, and at least one rib according
to the present invention.

The invention also provides, according to a seventh aspect,

a method of manufacturing an aircraft structure defining an
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aerofoil surface, comprising manufacturing at least one rib in
accordance with the method of the present invention and then
attaching a skin to the rib.

The aircraft structure defining an aerofoil surface may also
include one or more spars extending transversely to the at least
one rib. The aircraft structure defining an aerofoil surface may
also include one or more stringers extending transversely to the
at least one rib. The aircraft structure defining an aerofoil
surface may of course be in the form of a wing box, a fin or a
part of a tail-plane.

An embodiment of the present invention will now be described
by way of example only with reference to the following figures of
which:

Figure 1 is a perspective view of a rib of the prior art for

use in an aircraft;

Figure 2 is a schematic cross-section of a rib similar to
that shown in Figure 1 taken along a vertical plane
perpendicular to the web of the rib plane (denoted
by line X-X in Fiqure 1), Figure 2 showing the
spatial relationship between the rib and the block
of material (billet) from which the rib is machined;

Figure 3 is an enlarged view of a portion of the cross-
section of Figure 2;

Figure 4 is a schematic cross-section of a rib in accordance
with the embodiment of the present invention
showing the spatial relationship between the rib
and the billet from which the rib is machined; and

Figure 5 is an enlarged view of a portion of the cross-
section of Figure 4 showing a preferred angular

relationship between the rib web and the rib feet
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Figure 1 shows a perspective view of a known rib. The rib 1
has a generally planar structure and comprises a web 12 disposed
between a first series of rib feet 2, and a second series of rib
feet 3. Rib feet 2, 3 are, during use, attached to stringers
(not shown) and to the upper and lower wing skin respectively.
The web 12 comprises a series of panels (two of which are labeled
5a, 5b) separated by horizontal stiffeners (four of which are
labeled 4a, 4b, 8a, 8b) and vertical stiffeners (one of which is
labeled 11). The terms “vertical” and “horizontal” are used
merely to define the approximate orientations of the stiffeners
when the rib 1 is fitted in a (static) aircraft. The stiffeners
4a, 4b, 8a, 8b, 11 provide strength to the rib 1. The rib 1 of
figure 1 is further provided with an aperture 6 defined by a
series of stiffeners 7 (including stiffeners 7a, 7b) that forms
the perimeter of the aperture 6. The aperture 6 is in the form
of a “manhole” as is standard in the art.

A section through a rib 1 similar to that shown in Figure 1
is shown in Figure 2 and 3, the section being taken along a line
oriented similarly to that of the line X-X in Figure 1. The rib
of Figures 2 and 3 differs from that shown in Figure 1 by having
three rows of panels, rather than four, between the upper and
lower rib feet. Figure 2 shows the general relative orientation
of the rib feet 2, 3, panels 5a, 5b, and stiffeners 4a, 4b, Ta,
7b, 8a, 8b, and their orientation in relation to the billet 10
from which the rib 1 has been machined. Those skilled in the art
will realize that the billet 10 is not part of the rib because
the rib 1 is machined from the billet 10, but is included in
Figures 2 and 3 to help show the relationship between the billet
10 and the rib 1 produced therefrom.

The billet 10 is machined so that the web 12 (and associated
panels 5a, 5b) are formed near the surface 13 of the billet 10.

This has been found to be a convenient and efficient way to
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manufacture the rib 1 because little material is removed from the
surface 13 of the billet 10 to form the web 12, thus reducing the
minimum size of the billet 10 that may be used for a particular
rib and reducing the amount of machining that must be carried out
to form the web 12. The rib feet 2, 3 and stiffeners 4a, 4b, Ta,
b, Ba, 8b are, for the most part, formed by machining the
surface 14 of billet 10 to produce a rib 1 provided with a web 12
disposed between rib feet 2, 3, wherein the rib feet (as
represented by 2, 3) extend from the same side 15 of the web 12.
Furthermore, stiffeners 4a, 4b, 7a, Tb, 8a, 8b project from the
same side 15 of the web 12.

Those skilled in the art will be familiar with the
techniques, such as drilling and milling, used to machine a rib
from a billet.

Forming the web 12 so close to the surface 13 of the billet
10 dictates that metal from, or close to, the surface 13 of the
billet 10 must be incorporated into the web 12. Such metal is
subject to relatively high residual stresses by virtue of its
position within the billet 10 and the method of manufacture of
the billet and so the web 12 is subject to such stresses, thus
causing the web to distort. Such distortions are to some extent
quantifiable and predictable and it is thus possible to take them
into account when machining a rib. As will be appreciated by the
skilled reader, the longitudinal, transverse and shear residual
stresses vary with distance from the surface of the billet and
are often significant at or near the surface of the billet.

The respective angles between the upper and lower rib feet,
2, 3 respectively, and the rib web 12 are dependent on the angle
of the upper and lower wing skins, which in this case are both
inclined to the horizontal. Figure 3 shows an enlarged view of a
portion of the cross-section of Figure 2. Figure 3 shows that

the angle between the upper rib foot 2 and the web 12 (labeled as
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theta) is less than 90 degrees. This restricts access to the rib
1 and other components of the aircraft wing during and after the
fitting of the rib 1 to an aircraft. The lower rib foot 3 is
positioned at an angle of greater than 90 degrees to the web 12.

Figures 4 and 5 show a cross-section through a rib 101 in
accordance with the embodiment of the present invention. The rib
101 includes a web 112 that extends between first 102 and second
103 sets of rib feet. Each rib foot 102, 103, being in the form
of a flange, facilitates fixing of the rib 101 to the wing skin
of the wing. The rib is about 3.0 m in length and about 1.4 m
wide. Each foot projects from the web by about 50 mm. The rib
has a maximum thickness of about 60 mm. The rib is therefore of
a size suitable for use in a wing-box of a large (100 + seater)
passenger aircraft. The rib 101 is produced by machining an
aluminum alloy billet 110 with a 7-axis flexible automated
milling machine. The billet is cuboidal in shape and measures
3.1mx 1.5m x 70 mm. The method by which the rib 101 is
produced comprises machining away material on all sides of the
billet 110 to form the rib 101, the material that forms the web
112 extending diagonally across the middle of the billet 110.
The web 112 has a first face on a first side 115 and a second
face on a second side 116 opposite to the first side 115 of the
web 112. The first set of rib feet 102 extend more to the first
side 115 than to the second side 116 of the web 112 and the
second set of rib feet 103 extend more to the second side 116
than to the first side 115 of the web 112.

The rib 101 of the present invention is provided with
stiffeners 104a, 104b, 107a, 107b, 108a, 108b and vertical
stiffeners 111 to increase the strength of the rib 101. The web
112 comprises panels 105a, 105b disposed between the stiffeners.

The web 112 is formed diagonally across the billet 110, thus

the web 112 includes very little material from the surface of the
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billet 110, and furthermore includes material from the billet
across its depth. Thus the likelihood of any residual stresses
in the billet 110 producing unwanted deformations in the web 112
is reduced. Furthermore, diagonal machining of the web 112 from
the middle of the billet permits the stiffeners 104a, 104b, 107a,
107b, 108a, 108b to be formed on both sides of the web 112, thus
providing for equal load and weight distribution on each side 115,
116 of the web 112. For instance, stiffeners 108a and 108b
extend from both sides 115, 116 of the web 112, thus providing
equal weight (from these particular stiffeners) on each side 115,
116 of the web 112. The neutral axes of the stiffeners 108a,
108b are in the shear plane (essentially the plane of the web
112), thus permitting stiffeners of smaller section to be used in
comparison to the rib of the prior art where the neutral axis of
the stiffener is displaced away from the web 112. Stiffeners
104a and 104b extend in mutually opposite directions from the web
112, the former extending to the first side 115 and the latter
extending to the second side 116, the stiffeners thus being
provided symmetrically about the centre of the rib 101. Such a
symmetrical arrangement provides optimal structural stiffness and
represents a lower mass solution than the mass in the case where
stiffeners are provided on one side only of the centre plane of
the rib. Likewise, stiffeners 107a, 107b are symmetrically
arranged on both sides 115, 116 of web 112. |

The formation of the web 112 from a diagonal of the billet
110 allows the rib feet 102, 103 to extend in mutually different
directions, the first set of rib feet 102 extending to the first
side 115 and the second set of rib feet 103 extending to the
second side 116. This arrangement further allows the angle
between the rib feet 102, 103 and the web 112 to be greater than
90 degrees. The angle phi between the rib foot 102 and web 112

in Figure 5 is about 105 degrees.
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It will be appreciated that various modifications may be
made to the above-described embodiments of the invention without
departing from the spirit of the invention. For example, those
skilled in the art will realise that the rib feet may extend at
any angle from the web 112, but that it is particularly
advantageous for the angle to be more than about 90 degrees.
Increasing the angle between the rib foot 102 and the web 112
increases the ease by which the rib 101 is machined from the
billet 110 and increases access to the rib 101 during and after
fixing in the aircraft wing box. Of course other design
constraints will limit the maximum angle in practice.

It is not necessary for the material that forms the web 112
to extend diagonally across the billet 110. The material that
forms the web 112 merely includes at least a portion that is
positioned in a region remote from any side of the billet 110.

The process of machining the billet may use any process
capable of removing material from the billet, such as milling and
machining, but should not be limited to those methods using tools
and components that physically engage with the billet to remove
material. It is anticipated, for example, that lasers may be at
least partly used to machine the rib in the methods of the

present invention.
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Claims

1. A method of manufacturing a rib for use in an aircraft, the
method comprising:

providing a billet of material for forming the rib,
machining away material from all sides of the billet to form a
rib for use in an aircraft, the rib including a web that extends
between first and second flanged portions, each flanged portion
having a flange that facilitates fixing of the rib to another
component of the aircraft, wherein

the material that forms the web extends diagonally across
the billet,

the web having a first face on a first side and a second
face on a second side opposite to the first side of the web, and

the first flanged portion extends more to the first side of

the web than to the second side and the second flanged portion

extends more to the second side of the web than to the first side.

2. A method according to claim 1, wherein the sum volume of all
of the flanged material, at the same end of the rib as the first
flanged portion, extending to the first side is significantly
greater than the sum volume of material, if any, of the sum
volume of all of the flanged material, at the same end of the rib

as the first flanged portion, extending to the second side.

3. A method according to claim 1 or claim 2, wherein
substantially all of the flanged portions at the same end of the
rib as the first flanged portion extend substantially entirely to

the first side.
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4. A method according to any preceding claim, wherein each of
the first and second flanged portions extends from the web at an

angle of at least 90 degrees relative to the web.

5. A method according to any preceding claim, wherein each of
the first and second flanged portions extends from the web at an

angle of between about 95 degrees and about 120 degrees.

6. A method according to any preceding claim, wherein the web
of the rib includes a first strengthening formation on the first

side and a second strengthening formation on the second side.

7. A method according to any preceding claim, wherein the rib
includes strengthening formations both on the first side and on
the second side and the sum volume of material of all of the
strengthening formations on the first side is within a factor of
ten of the sum volume of material of all of the strengthening

formations on the second side.

8. A method according to any preceding claim, wherein the rib
includes a plurality of strengthening formations on the first
side and on the second side, each of the strengthening formations
on the first side being associated with a corresponding

strengthening formation on the second side.

9. A rib for use in an aircraft, the rib comprising

a web extending between first and second flanged portions, each
flanged portion having a flange that facilitates fixing of the
rib to another component of the aircraft,

the web having a first face on a first side and a second face on

a second side opposite to the first side of the web, wherein



10

15

20

_21_

the sum volume of all of the flanged material, at the same
end of the rib as the first flanged portion, extending to the
first side is significantly greater than the sum volume of
material, if any, of the sum volume of all of the flanged
material, at the same end of the rib as the first flanged
portion, extending to the second side, and

the sum volume of all of the flanged material, at the same
end of the rib as the second flanged portion, extending to the
second side is significantly greater than the sum volume of
material, if any, of the sum volume of all of the flanged
material, at the same end of the rib as the second flanged

portion, extending to the first side.

10. An aircraft structure defining an aerofoil surface, the
Structure comprising a skin, and at least one rib according to

claim 9.

11. A method of manufacturing an aircraft structure
defining an aerofoil surface, the method comprising manufacturing
at least one rib in accordance with the method of any of claims 1

to 8 and then attaching a skin to the rib.
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