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(54) Title: COMPOSITE PANEL STIFFENER

(57) Abstract: A multi layer composite L-shaped stringer (2)
for use in an aerospace structure comprises a foot(6) and a web
(8) extending from an edge of the foot. A first surface (10) on the
foot is shaped to abut a structure to be stiffened. The foot also
has a second surface (12) opposite the first surface. The web (8)
has a third surface (14) and a fourth surface (16) at the same layer
in the composite material as the first and third surfaces (10, 14),
respectively. The geometry of the stringer (2) may vary along its
length (1.) so that as the first surface (10) is displaced towards the
second surface (12), the fourth surface (16) is displaced towards
the third surface (14). The developed width (DW) from the dis-
tal edge of the foot to the distal edge of the web of the stringer
(2) may be substantially constant for all cross-sections along a
length of the stringer. The risk of causing, during fabrication of
the stringer (2), undesirable creasing, stressing or stretching of
composite material layers in a region in which the geometry of
the stringer varies may be reduced by means of such arrange-
ments.
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Composite Panel Stiffener

Technical Field

The present invention concerns composite material
structures for use in aerospace applications. More
particularly, but not exclusively, this invention concerns a
composite panel stiffener in the form of a composite
stringer. The invention also concerns a method of designing
and a method of manufacturing such a stringer, for example

with the use of a suitably programmed computer.

Background of the Invention

Stringers are used as stiffening members. Examples of
the use of stringers include stiffening the skin or cover of
an aerofoil box, fuselage section or similar structure.
Stringers may have a cross-section in the form of a T-shape,
in the form of an L-shape or other suitable shapes.
Typically, the stringer will have a foot which has a shape
adapted to abut the surface of the structure to be stiffened
and a web that projects from the foot away from the surface
of the structure, the web increasing the stiffness of the
stringer. The web is sometimes referred to as the blade of
the stringer.

The thickness or the geometry of the surface of the
structure to be stiffened may vary thereby producing local
features in the face of the structure adjacent to the
stringer. Thus, corresponding variations in the geometry of

the stringer may be necessary. Local variations in the
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geometry of the stringer can however introduce manufacturing
problems when fabricating composite stringers. For example,
in order to increase the local strength or stiffness of an
aircraft wing panel it is common practice to vary the
thickness of the panel locally where extra stiffness or
strength is required. This results in pad-ups in the panel
profile in the stringer-facing surface. Thus, the thickness
of the panel may, with increasing direction along the length
of the associated stringer, ramp up to a locally thicker
section and then ramp down to a thinner section. To
accommodate the change in thickness in the panel, the foot
of the associated stringer needs to correspondingly ramp up
and ramp down. The shape of the stringer may therefore
include local variations in its cross-sectional geometry, as
a function of distance along its length.

The desired shape of stringer for use when stiffening a
panel may therefore be complicated and may deviate from a
linearly symmetrical geometry. Manufacturing composite
stringers having a complicated geometry can be difficult.

If local changes in cross-sectional geometry of the stringer
are required, defects may be introduced during the
manufacturing process. Such defects usually result from
layers of fibre material being compressed or folded in
regions where there is too much material in view of the
local geometry. This can produce creases in the final
product, typically in the form of transverse creases.
Defects can also result from layers of fibre material being
stretched and/or stressed in regions where there is too
little material in view of the local geometry. This too can

produce creases in the final product, typically in the form
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of longitudinal creases. Either of the foregoing types of
defect (too little material or too much material) can result
in undesirable weakening of, and/or localised internal
stresses in, the composite material in such regions. Such
defects are typically allowed for and suitable margins built
in by adding extra material in such regions, to counteract
the strength-reducing defects. Whilst the strength of the
resulting component may not be thus compromised, this
technique introduces a weight penalty and excessive
structural volume.

The present invention seeks to mitigate the above-
mentioned problems. Alternatively or additionally, the
present invention seeks to provide an improved shape of
composite stringer and/or an improved method of designing

and/or manufacturing the same.

Summary of the Invention

The present invention provides according to a first
aspect of the invention, a stringer for use in an aerospace
structure, wherein

the stringer is made from composite material comprising
a multiplicity of layers,

the stringer has a foot and a web extending from an
edge of the foot so that the stringer has a generally L-
shaped cross-section along its length,

the stringer defines

a first surface on the foot being shaped to abut a

structure to be stiffened,
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a second surface on the foot being opposite the first
surface,

a third surface on or in the web being at the same
layer in the composite material as the first surface, and

a fourth surface on the web being on the same side of
the stringer as the second surface,

the geometry of the stringer varies along at least part
of its length so that with increasing distance in a given
direction along the length of the stringer the first surface
is displaced towards the second surface as the fourth
surface is displaced towards the third surface.

Thus, a stringer according to an embodiment of the
first aspect of the invention for use on top of a lower wing
panel may have a foot which joggles up (moves in the
direction from the first surface to the second surface)
whilst the web joggles out (moves in the direction from the
fourth surface to the third surface). Matching the Jjoggle
on the foot with a corresponding joggle on the web allows
the layers of the composite material that form the stringer
to be laid up during manufacture of the stringer in a manner
that reduces the risk of local creasing, local stressing
and/or local stretching because changes in geometry in the
foot (for example deviating from a simple linear geometry),
which might otherwise result in defects, are offset by
changes in geometry in the web.

The present invention also provides, in accordance with
a second aspect of the invention, a stringer for use in an
aerospace structure, wherein

the stringer is made from composite material comprising

a multiplicity of layers,
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the stringer has a foot and a web extending from the
foot,

the stringer defines

a first surface on the foot being shaped to abut a
structure to be stiffened,

a second surface on the foot being opposite the first
surface,

a third surface on or in the web being at the same
layer in the composite material as the first surface, and

a fourth surface on the web being on the same side of
the stringer as the second surface,

the cross-sectional geometry of the stringer wvaries
along at least part of its length so that the distance
between the points at which a cross-section of the stringer
intersects with first and second noticonal reference lines 1is
substantially constant for all such cross-sections of the
stringer along said at least part of the length, the
distance being measured along the surface of the stringer at
the cross-section, each cross-section being taken on a plane
that has a normal parallel to the local lengthwise direction
of the stringer, the first notional line being positioned on
the first surface and being perpendicular to the direction
in which the foot extends from the web, the second notional
line being positioned on the third surface and being
perpendicular to the direction in which the web extends from
the foot.

Thus, a stringer according to an example of the second
aspect of the invention for use on top of a lower wing
panel, the stringer extending in a spanwise direction (i.e.

transverse to the chordwise direction) may have a geometry
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that has a constant developed transverse width (in the
chordwise direction). The developed transverse width in the
context of this example is the distance in the chordwise
direction along the first and third surfaces from a point at
a far end of the foot of the stringer to a point at the far
end of the web of the stringer. Having such a constant
developed width allows the layers of the composite material
that form the stringer to be laid up during manufacture of
the stringer in a manner that reduces the risk of local
creasing or bunching of fibres in the composite material
and/or local stretching.

Designing a stringer to have such a constant chord
width can be effected by means of matching a joggle on the
foot with a joggle on the web as described with reference to
the first aspect of the invention. Alternatively, or
additionally, designing a stringer to have a constant chord
width can be effected by means of introducing a
chamfer/curved portion between the web and the foot that
changes in size as the foot joggles up and down along the
length of the stringer. Such a technique is described below
with reference to the drawings and is also described and
claimed in the Applicant’s copending UK patent application
entitled “Improvements in Elongate Composite Structural
Members” with reference XA2345, having the same filing date
as the present application. The contents of that
application are fully incorporated herein by reference. The
claims of the present application may incorporate any of the
features disclosed in that patent application. 1In
particular, the claims of the present application may be

amended to include features relating to the introduction of
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a feature such as a chamfer/curved portion between the web
and the foot of a stringer that changes in size as the foot
joggles up and down along the length of the stringer. The
stringer of the present invention may also be defined with
reference to features of the elongate structural member
described or claimed in the above-mentioned related patent
application.

The stringer of the present invention may form part of
a structure on an aircraft. The stringer may for example be
mounted on a panel of an aircraft.

The invention provides an aerospace structure (such as
for example a fuselage, an aerofoil box, or a section
thereof), an outer surface of which being defined by a skin,
wherein the skin is stiffened from inside the structure by
means of a plurality of stringers mounted on the skin, each
of the plurality of stringers being a stringer according to
any aspect of the invention described or claimed herein.

The invention also provides an aircraft, an outer
surface of which being defined by a skin, wherein the skin
is stiffened from inside the aircraft by means of a
plurality of stringers mounted on the skin, each of the
plurality of stringers being a stringer according to any
aspect of the invention described or claimed herein.

The invention yet further provides a method of making a
design model for a composite stringer, wherein the stringer
is a stringer according to any aspect of the invention
described or claimed herein. The method may comprise the

steps of:
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providing first data defining the desired geometry of
the foot of the stringer model, the separation of the foot
from a datum plane varying along the length of the stringer,

generating second data defining the geometry of the web
of the stringer model including generating local changes in
the geometry of the web at regions where it is determined
from the first data that the separation of the foot from the
datum plane changes, and

using said first data and said second data to output a
stringer model including a foot and a web.

The first data may form at least part of a collection
of data that defines a model of the structure to be
stiffened by the stringer. The desired geometry of the foot
of the stringer model may therefore be derived indirectly
from such a collection of data.

In embodiments of the present invention, the local
changes in the geometry of the web are advantageously
generated to reduce the risk of defects being created in a
stringer made from layered composite material according to
the stringer model. For example, the geometry of the web
may 1include changes to off-set or compensate for changes in
the geometry of the foot. Alternatively, or additionally,
the geometry of the web may be designed to reduce any change
in distance as measured along the surface of the stringer
model from a first datum line on the foot surface to a
second datum line on the web surface. The first datum line
may for example lie on a surface on the foot of the stringer
model, the line being so shaped that at all positions along
its length it is perpendicular to the direction in which the

foot extends from the web of the stringer model. The second
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datum line may lie on a surface on the web, the surface
being on the same side of the stringer as the surface of the
foot on which the first datum line lies, the second datum
line being so shaped that at all positions along its length
it is perpendicular to the direction in which the web
extends from the foot of the stringer model.

The design method is preferably performed
electronically, for example with the use of a suitably
programmed computer. Once the stringer model is generated a
stringer may be manufactured in accordance with the model so
generated. The design of the stringer model may be
performed in one country, with electronic data representing
the stringer model being exported to a different country for
use in such a method of manufacture.

The present invention also provides a method of
manufacturing a stringer, wherein the method comprises the
steps of:

providing a mould tool having a profile dependent on a
stringer model generated by means of a design method in
accordance with any aspect of the invention described or
claimed herein,

laying up layers of composite material on the mould
tool, and

then curing the layers of composite material.

It will of course be appreciated that features
described in relation to one aspect of the present invention
may be incorporated into other aspects of the present
invention. For example, the method of the invention may
incorporate any of the features described with reference to

the stringer of the invention and vice versa. Also, the
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stringer according to the first aspect of the invention may
incorporate any of the features described with reference to
the stringer according to the second aspect of the invention

and vice versa.

Brief Description of the Drawings

Embodiments of the present invention will now be
described by way of example only with reference to the

accompanying schematic drawings of which:

Figure la shows in perspective view an L-shaped stringer,
according to a first embodiment of the
invention, mounted on a wing panel, only a
portion of which being shown in the Figure;

Figure 1b shows in perspective a portion only of the
stringer and wing panel of Figure la;

Figure 1lc is a sectional view of the stringer and wing
panel taken along the plane A-A as shown in
Figure 1b;

Figure 1d is a sectional view of the stringer and wing
panel taken along the line B-B as shown in
Figure 1c;

Figure le i1s a sectional view of the stringer and wing
panel taken along the plane C-C as shown in
Figure 1c;

Figure 1f is a sectional view of the stringer and wing
panel taken along the plane D-D as shown in

Figure 1c;
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is a composite view showing the cross-sections

of the stringer as shown in Figures le and 1f

overlaid one on the other to provide ready

comparison of the relative dimensions and

shapes of the cross-sections;

shows in perspective view a Y-shaped
according to a second embodiment of
invention, mounted on a wing panel,

portion of which being shown in the

stringer,
the
only a

Figure;

shows in perspective a portion only of the

stringer and wing panel of Figure 2a;

is a sectional view of
panel taken along the
Figure 2b

is a sectional view of
panel taken along the
2¢c;

is a sectional view of
panel taken along the
Figure 2c;

is a sectional view of
panel taken along the

Figure 2c;

the stringer

plane F-F as

the stringer

and wing

shown in

and wing

line G-G shown in Figure

the stringer

plane H-H as

the stringer

plane J-J as

and wing

shown in

and wing

shown in

shows the cross-section of the stringer shown

in Figure 2e, together with various indications

of dimensions;

Figure 3 shows a cross-section of a stringer in

accordance with a third embodiment;

Figures 4a and 4b show a stringer in accordance with a

fourth embodiment;
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Figures ba and 5b show a stringer in accordance with the
second embodiment;

Figures 6a and 6b show a stringer in accordance with a
fifth embodiment;

Figures 7a and 7b show a stringer in accordance with the
first embodiment of the invention; and

Figure 8 shows a block diagram illustrating a design
method in accordance with a sixth embodiment of

the invention.

Detailed Description

Figure la illustrates a stringer 2 mounted on a wing
panel 4, only a part of the wing panel 4 being shown in
Figure la. The stringer 2 acts in use to stiffen the wing
panel 4. The stringer 2 and wing panel 4 are both made from
composite material, comprising multiple layers of material.
The stringer 2 in this embodiment is generally L-shaped in
cross—-section, the L-shape being defined by a foot 6 which
is mounted on, and lies parallel with, the wing panel 4 and
a web 8 that extends perpendicularly from one edge of the
foot 6. (It will be appreciated that the web could extend
from the foot at other angles). The layers of composite
material (not individually shown in the Figures) of the
stringer 2 are also generally L-shaped in cross-section,
following the cross-sectional profile of the stringer in
bulk.

The stringer 2 thus has a first surface 10 on the
underside of the foot which abuts the wing panel 4. Opposite

the first surface 10, there is a second surface 12 on the
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foot 6. The first surface 10 on the foot meets a third
surface 14 on the web, the first and third surfaces being on
the same side of the stringer 2 and therefore also being at
the same layer in the composite material structure as each
other. There is a fourth surface 16 opposite the third
surface 14. The fourth surface 16 is therefore on the web,
on the same side of the stringer as the second surface 12
and also at the same layer in the composite material
structure as the second surface 12.

As can be seen from the edge 18 of the wing panel 4
shown in Figure la, the thickness of the wing panel 4 varies
along the length L of the stringer. Thus, the wing panel 4
includes regions such as region 4a which are thicker than
adjacent regions such as region 4b. As one moves along the
length of stringer 2 in the direction indicated by arrow L,
the thickness of the wing panel 4 ramps up, via a region 4c,
from a thinner region 4d to a thicker region 4a and then
ramps down, via a region 4e, to a thinner region 4b. The
foot 6 of the stringer similarly ramps up and ramps down so
that the first surface 10 of the stringer (the surface which
abuts the wing panel 4) follows the upper surface (as shown
in Figure la) of the wing panel 4.

Figures 1b, 1c¢, and 1d show the parts of the stringer 2
and wing panel 4 that are in the area of regions 4d, 4a, and
4a mentioned above and illustrate how the shape of the
stringer changes along its length between the transitions
from the thinner region 4d of the wing panel 2a to the
thicker region 4a of the panel, via the ramping region 4c.
Figure 1lb is a perspective view of the stringer. Figure 1lc

shows a cross-sectional view of the stringer 2 and wing
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panel 4 taken about the vertical plane represented by line
A-A in Figure 1b. Figure 1d shows a cross-sectional view of
the stringer 2 and wing panel 4 taken about the horizontal
plane represented by line B-B in Figure lc. It will be seen
in Figure 1c that, in the area of the ramping transition
represented by region 4c, with increasing distance along the
length of the stringer (direction L), the first surface 10
moves in the direction represented in Figure 1lc by arrow T.
The direction T is transverse to the length L of the
stringer and is in the direction from the first surface 10
to the second surface 12 of the foot 6 of the stringer. It
will be seen from Figure 1d that, as the first surface 10 on
the foot 6 moves in the direction T with increased length L
along the stringer, the fourth surface 16 on the web 8 moves
in the direction represented in Figure 1d by arrow W. The
direction W is also transverse to the length L of the
stringer and is in the direction from the fourth surface 16
to the third surface 14 of the stringer 2. It will also be
seen from Figures 1lc and 1d that the thickness of the
stringer in the region of the foot 6 and the web 8 remains
substantially constant along the length of the stringer 2.
Therefore, with increasing length L the second surface 12
also moves in the direction T and the third surface 14 also
moves in the direction W, the second and third surfaces 12,
14 following the movement of the first and fourth surfaces
10, 16, respectively.

When moving further along the length L of the stringer
2, from the portion abutting the thicker region 4a of the
wing panel 4 to the ramping down region 4e, the thickness of

the wing panel reduces. As the thickness of the wing panel
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reduces with increased length L along the stringer 2, the
first and second surfaces 10, 12 on the foot 6 move in a
direction opposite to the direction T as the third and
fourth surfaces 14, 16 move in a direction opposite to the
direction W.

Figures le and 1f show cross-sections of the stringer 2
and wing panel 4 taken along the vertical planes represented
by lines C-C and D-D in Figure 1lc. Figures le and 1f
illustrate that the developed width (the meaning of which
being explained in further detail below) of the stringer as
measured between two notional reference lines remains
substantially constant along the length L of the stringer.
Having such a constant developed width, despite changes in
the cross-sectional geometry of the stringer 2, assists in
reducing defects, for example creases, that might otherwise
result when laying up the layers of the composite material
that form the stringer 2. The dimensions represented by
such a developed width will now be explained with reference
to Figures 1lc to 1f.

Figure 1lc and 1d show a first notional reference line
20 and a second notional reference line 22, both lines
generally following, but not always being exactly parallel
to, the length L of the stringer. The first notional line
20 lies on the first surface 10 of the stringer 2 and is so
shaped that at all positions along its length it is
perpendicular to the direction in which the foot 6 extends
from the web 8 (this direction, in this embodiment, being
parallel to direction T as shown in Figure 1lc). In the case
where the stringer 2 has a length L that lies along a

generally straight axis, the first notional line 20 lies on
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a plane that is parallel to the length L of the stringer,
the plane having a normal axis in the direction in which the
foot extends from the web, this direction being parallel to
direction W as shown in Figure 1d. (It will be appreciated
that in Figure 1d, the first surface 10 is hidden from view,
being behind the second surface 12.)

The second noticonal line 22 lies on the third surface
14, the line 22 being so shaped that at all positions along
its length it is perpendicular to the direction in which the
web 8 extends from the foot 6 (this direction, in this
embodiment, being parallel to direction W as shown in Figure
1d). In the case where the stringer 2 has a length L that
lies along a generally straight axis, the second notional
line 22 lies on a plane that is parallel to the length L of
the stringer, the plane having a normal axis in the
direction in which the web extends from the foot, this
direction being parallel to direction T as shown in Figure
1lc. (It will be appreciated that in Figure 1lc, the third
surface 14 is hidden from view, being behind the fourth
surface 16.)

As will be apparent, from Figures 1lc and 1d, that the
first and second notional lines 20, 22, by following the
first and third surfaces 10, 14, respectively, each include
angled portions to accommodate the ramping across region 4c.

The cross-section illustrated by Figure le shows the
measurement of the developed width, that is, the distance
between the first and second notional lines 20, 22 as
measured along the surface of the stringer 2 at the cross-
section. This measurement 1s represented by double-headed

arrow 24 having a first end 24a, which coincides with the
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first notional line 20 (not shown in Figure le) and having a
second end 24b, which coincides with the second notional
line 22 (not shown in Figure le). Similarly, Figure 1f
showing the cross-section of the stringer at section D-D,
includes a double-headed arrow 26 showing the measurement of
the distance from the position 26a of the first notional
line 20 (not shown in Figure 1f) to the position 26b of the
second notional line 22 (not shown in Figure 1f) at the
cross—-section illustrated. The developed widths represented
by the double-headed arrows 24, 26 in Figures le and 1f are
substantially equal (that is, equal within allowable
tolerances). In order to achieve this, the amount by which
the first surface 10 moves in the direction T is offset by
movement of the fourth surface 16 in the direction W. Thus,
with reference to Figure la, as the foot 6 of the stringer 2
joggles up moving from region 4d to region 4a via region 4c,
the web 8 of the stringer 2 Jjoggles out (to the left as
shown in Figure 1la).

Figure 1lg shows the cross-section 2e of the stringer
shown in Figure le and the cross-section 2f of the stringer
shown in Figure 1f as a composite drawing. The horizontal
position of the first notioconal line 20 on each cross-section
is shown in Figure 1lg by means of the dashed line 20’. The
vertical position of the second notional line 22 on each
cross—-section is indicated by the dashed line 22’ in Figure
lg. The distance represented by the double-headed arrow 24
for the stringer cross-section 2e at plane C-C (the section
shown in Figure le) is equal to the distance represented by
the double-headed arrow 26 for the stringer cross-section 2f

at plane D-D (the section shown in Figure 1f). In this
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case, it will be seen that the horizontal offset Z between
the positions of the web 8 of each stringer cross-sections
is equal to the vertical offset Y and between the positions
of the height of the foot above a notional datum plane 28.

Figure 2a shows in perspective a stringer 102 in
accordance with a second embodiment of the invention. The
stringer 102 has a generally Y-shaped cross-section. The Y-
shape of the cross-section is inverted (in the orientation
shown in Figure 2a) so that parts of the arms of the Y-shape
abut the wing panel 104, thereby defining the feet 106 of
the stringer 102. The stalk of the Y-shape defines part of
the web 108 (sometimes also referred to as the blade) of the
stringer 102. Figure 2b shows a portion of the stringer 102
and wing panel 104 in the region indicated by the arrow E in
Figure 2a. In a similar manner to the first embodiment, the
wing panel 104 comprises successive regions, in the
longitudinal direction L, of differing thicknesses. The
panel thus has a thinner region (region 104a), which leads
via a ramping-up region (region 104b) to a thicker region
{region 104c).

In a similar manner to the first embodiment, the foot
106 of the stringer 102 of the second embodiment defines
first, second, third and fourth surfaces 110, 112, 114, and
116. For each side (left and right as seen in Figure 1),
there being one foot 106 per side, the stringer 102 has a
first surface 110 (on the exterior of the stringer) on the
underside of the foot 106 which abuts the wing panel 104.
Opposite the first surface 110, there is a second surface
112 (also on the exterior of the stringer) on the foot 106.
The upper part of the web defines a third surface 114,
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within the interior of the web 108, the third surface being
at the same layer in the composite material structure as the
first surface 110. There is also a fourth surface 116 (on
the exterior of the stringer) being at the same layer in the
composite material structure as the second surface 112. The
fourth surface 116 is therefore on the web and on the same
side of the stringer as the second surface 112. The
developed width for a given cross-section of the stringer
from the point on the first surface 110 coincident with a
first notional line to the point on the third surface 114
coincident with a second notional line (the first and second
notional lines being similarly defined as above with
reference to the first embodiment) is substantially constant
for all transverse cross-sections of the stringer.

In this second embodiment, the developed width is kept
constant not by means of joggling the web of the stringer
left and right as the foot of the stringer joggles up and
down, but by means of introducing a chamfer 107 between the
foot 106 and web 108 of the stringer 102, the width of the
chamfer 107 (as measured across the stringer) varying
according to the height of the foot 106 from a notional
datum plane 128. The chamfer 107 can clearly be seen in
perspective in Figure 2b.

The chamfer portion 107 that joins the foot 106 and the
web 108 defines fifth and sixth surfaces 130, 132, the fifth
surface 130 being interposed between and joining the first
and third surfaces 110, 114 and the sixth surface 132 being
interposed between and joining the second and fourth
surfaces 112, 116. The chamfer 107 in this embodiment

extends at an angle of about 45° from the foot 106 and at an
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angle of about 45° from the web 108, the web 108 being
perpendicular to the foot 106. The angle between the foot
and chamfer and between the chamfer and the web may of
course be different in other embodiments of the invention.
The fifth and sixth surfaces 130, 132 are therefore non-
parallel with any of the first, second, third and fourth
surfaces 110, 112, 114, 116. The chamfer portion 107 may be
considered as forming part of the web 108.

Figures 2c¢ and 2d show cross-sectional views of the
stringer 102 along the planes F-F (shown in Figure 2a) and
G-G (shown in Figure 2c¢), respectively. As can be seen by
following the length of the stringer from left to right in
Figures 2c¢ and 2d (by following arrow L), the chamfer region
107 gets smaller as the height of the foot 106 of the
stringer 102 above a notional datum plane 128 increases.
Thus, the chamfer region 107 gets smaller as the foot 106
moves in the upwards direction (arrow T in Figure 2c¢).
Figures 2c¢ and 2d also show the positions of the first and
second notional lines 120, 122 between which the developed
width of the cross-section of the stringer is measured.

Figures 2e and 2f show cross-sections taken about the
planes represented by lines H-H and J-J in Figure 2c. These
cross—-sections illustrate that the developed width DW
between the first and second notional lines remains the same
from one cross-section to the next. This is achieved by
shortening the chamfered region 107 as the foot 106 of the
stringer 102 moves upwards. It will be noted that, in
contrast with the stinger of the first embodiment, the
horizontal position (as shown in Figures 2e and 2f) of the

web 108 of the stringer 102 does not change with increased
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length L of the stringer. Thus, as can been seen in Figure
2a, the foot 106 and web 108 of one side of the stringer 102
may be symmetrical with the foot 106 and web 108 of the
other side of the stringer, with the web 108 running along
the centre line of the stringer with no joggles left or
right.

Figure 2g shows how to calculate the width of chamfer
required in order to maintain a constant developed width
between the two notional lines at any given transverse
cross—section. The developed width DW; for a stringer with
no chamfer is shown next to the cross-section of a stringer
102 including a chamfer 107, the stringer having a developed
width DW,. It will be seen that the horizontal position of
the first notional line is shown in Figure 2g by means of
the dashed line 120’ and that the vertical position of the
second notional line is shown by means of the dashed line
1227 . The web 108 of the stringer 102 is offset from the
unchamfered line DW; by a distance Z. The first surface 110
on the underside of the foot 106 is separated from the
unchamfered line DW; by a vertical distance Y. The chamfer
107 extends from the foot 106 at an angle of 6 and
terminates at a vertical distance X above the first surface
110. Given desired offsets Y and 7, it is necessary to know
at what distance the chamfer should start and stop and this
can be calculated by means of the following formula
(assuming that the web is perpendicular to the foot, which

it is in this embodiment) :

Y+Z7
1 1

X =
1+

tan® sin®
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When, as in this case © = 45°, then this formula

simplifies to:

X =1707x(Y + Z)

In the present (second) embodiment, the horizontal
offset Z is constant and can be set to zero so that the web
108 of the stringer 102 does not Joggle left or right. The
above formula therefore further simplifies to X = 1.707 Y.
Similar formulae can of course be readily derived to account
for different geometries including those where the foot does
not extend from the web (when ignoring corner radii and
fillets and other local features) at an angle of 90°.

It will be appreciated that the developed width DW of
the distance between the two notional lines may be
maintained constant at any cross-section along the length of
the stringer by means of introducing other geometrical
features. For example, instead of providing a chamfer at
the junction between the foot and the web of the stringer, a
smooth transition may instead be provided, for example by
means of a curved surface. Figure 3 illustrates a third
embodiment of the invention, which illustrates how such an
alternative technique might be employed. Again, a notional
developed width DW; is set, at a position at which the foot
206 of the stringer 202 is at its highest. The developed
width DW; is again measured along the surface of the
stringer at the cross-section and thus passes over first,

third and fifth surfaces of the stringer (the first, third
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and fifth surfaces being the same surfaces on/in the
stringer as described above with reference to the second
embodiment). Thus, the first surface 210 is positioned on
the underside of the foot 206, the third surface 214 is
positioned in the web 208, and the fifth surface 230 Jjoins
the first and third surfaces. In this third embodiment, the
fifth surface is defined by a smooth curve having a constant
radius of curvature. The radius of curvature of the fifth
surface corresponding to the notional developed width DW; is
Ri. In order to maintain a constant developed width DW, the
radius of curvature of the fifth surface may be changed to
accommodate offsets in the vertical direction of the
position of the foot 206 and/or to accommodate offsets in
the horizontal direction of the position of the web 208,
such offsets being illustrated in Figure 3 by the distances
Y and Z respectively. For given offsets Y and Z2 and for
maintaining a constant developed width DW = DW; = DW;, the
radius of curvature of the fifth surface 230 of the stringer
202, defined by radius R; must satisfy the following

formula:

Figures 4a and 4b illustrate a stringer 302 in
accordance with a fourth embodiment of the present
invention. Figure 4a shows the stringer 302 from one
direction and Figure 4b shows the stringer from the opposite
direction. The stringer 302 has a cross-section generally

in the form of an inverted Y, the stringer 302 including
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feet portions 306 and a web portion 308. FEach foot portion
306 is connected to the web portion 308 via a curved portion
307. The curved portion 307 has a radius of curvature and a
width that varies along the length of the stringer 302 as
the feet 306 of the stringer joggle up and down to
accommodate changes in thickness of the wing panel 304. The
web 308 of the stringer follows a substantially straight
line when viewed from above and does not therefore include
any transverse Joggles. The radius of curvature of the

curved portion 307 thus satisfies the formula:

where Y represents a measure of the vertical displacement of
the foot of the stringer above a notional datum plane and Ry
is a preset constant.

Figures 5a and 5b show opposite ends of a stringer in
accordance with the second embodiment and are included to
aid comparison between the stringers illustrated by Figures
4a to Tb.

Figures 6a and 6b show a stringer 402 in accordance
with a fifth embodiment, utilising concepts from both the
first and second embodiments. Thus, with reference to
Figure 6a, the left-hand part 402L of the stringer is
defined by an L-shape that has a web that joggles left and
right as the foot 406 of the stringer 402 joggles up and
down to accommodate changes in thickness in the wing panel
404. The left-hand part 402L of the stringer is thus

similar to the L-shaped stringer of the first embodiment of
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the present invention. The right-hand part 402R of the
stringer (on the right as shown is Figure 6a) includes a
chamfered portion (most easily seen in Figure 6b, when the
stringer is viewed from the opposite end, in which view this
part 402R of the stringer is shown on the left). The width
of the chamfered portion varies in accordance with the
joggling up and down of the foot as the wing panel thickness
changes and also varies to accommodate the joggling of the
web of the left hand side portion 402L of the stringer. The
right-hand part 402R of the stringer is thus similar to one
half of the stringer of the second embodiment of the present
invention, in that it includes a chamfered portion to
accommodate Joggles in the shape of the stringer, whilst
maintaining a substantially constant developed width, which
provides the advantages of reduced defects when
manufacturing the multilayer composite stringer. It will be
noted that the stringer of the fifth embodiment differs from
the stringer of the second embodiment, in that the web of
the stringer includes Joggles left and right (in the
orientation shown in Figures 6a and 6b).

Figures 7a and 7b simply show opposite ends of a
stringer in accordance with the first embodiment and are
included for the sake of completeness and to aid comparison
between the stringers illustrated by Figures 4a to 7b.

There will now be described a sixth embodiment relating
to method of designing a computer model of a stringer, the
computer model subsequently being used to manufacture a
stringer from composite material. Figure 8 shows a block

diagram schematically illustrating a computer 502 programmed
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with software 504 which enables the computer 502 to perform
the method according to the sixth embodiment.

There 1s provided a first data set 506 which defines
the geometry of a wing panel model 508. The wing panel
model 508 includes data that defines the geometry of the
upper surface 510 (as shown in Figure 8) of the wing panel
508. The stringer model to be created is designed so that
its lower surface abuts the upper surface 510 of the wing
panel. Thus, the data 506 defines the separation of said
surface 510 of the wing panel 508 from a reference plane
512. The separation is measured in a direction indicated by
the arrow V in Figure 8. The stringer model to be generated
includes a foot which has a geometry corresponding to the
surface 510 of the wing panel 508 and a web extending from
said foot.

The method of the sixth embodiment includes a step in
which the computer 502 receives input data 506. This data
506 effectively defines the desired geometry of the foot of
the stringer model, providing information concerning the
separation of the foot from a datum plane 512, the
separation varying along the length of the stringer (the
length of the stringer being shown in Figure 8 by means of
the arrow L). The software 504, with which the computer 502
is programmed, includes a module for processing the input
data 506 to generate output data 514 defining the geometry
of a stringer model 512. The computer 502, under the
control of the software 504, generates the geometry of the
foot of the stringer model and the geometry of the web of
the stringer model 512. The geometry of the web of the

stringer model 512 is generated by the computer as a
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function of the local changes in the geometry of the foot of
the stringer model. The way in which the geometry of the
web of the stringer model is generated may be in accordance
with any of the above-described embodiments of the invention
or variations thereof. For example, the web may be caused
to joggle left and right across the width of the stringer
(see double-headed arrow W in Figure 8). Alternatively or
additionally, a chamfer or radius may be introduced in the
web (possibly reducing the width of the foot in certain
regions) in accordance with the second and third
embodiments. Such local changes in the geometry of the web
of the stringer model reduce the risk of defects being
created in a stringer made from a layered composite material
according to the stringer model. Data 514 comprising data
representing the geometry of the stringer model 512 is then
output from the computer 504.

Thus, 1n comparison to a nominal standard shape of
stringer in which the web simply extends vertically from the
edge of the foot, without any joggle, chamfer, radius or
other feature that would affect the developed width of a
line, which extends from a point on the web across the
surface of the stringer to a point on the foot of the
stringer when viewed in cross-section, the method
effectively generates changes in the geometry of the web of
the stringer to offset changes in the geometry of the foot
of the stringer. For example, the geometry of the web of
the stringer model may be generated in such a way as to
reduce any change in the distance as measured along the
surface of the stringer model from a first datum line on the

foot surface following the length of the stringer to a
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second datum line on the web surface following the length of
the stringer (see for example the notional lines 120 and 122
shown in Figures 2c¢ and 2d of the stringer of the second
embodiment) . Preferably, the web of the stringer model is
generated so that there is no change in distance as measured
between such a first datum line and such a second datum line
(the distance being substantially constant for each cross-
section of the stringer model as measured along the length
of the stringer). Manipulating and/or designing the stinger
model geometry in the manner described above enables a
composite stringer to be fabricated with plies (layers) of
composite material that are forced to change from a flat
geometry to a predefined non-uniform shape but without the
bunching or stretching of fibres in the plies of material,
which can lead to creases or defects in the stringer thus
produced.

Once the stringer model 512 has been generated,
computational tests and modelling may be performed to assess
the strength and other mechanical characteristics of the
stringer model to check that the stringer conforms to
various criteria necessary for it to perform its function as
a stringer in a wing box or similar structure on a
commercial aircraft. The stringer model data 514 may then
be used in a method of manufacturing a stringer. The
stringer may be manufactured in accordance with standard
techniques which are well known in the art. For example,
hot drape forming techniques may be used to build-up the
layers of the composite material on a mould tool, the tool
having a profile in accordance with the geometry of the

stringer model 512 previously generated. The layers of
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composite material once laid up on the mould tool are cured
in an autoclave in accordance with known techniques in the
art.

Whilst the present invention has been described and
illustrated with reference to particular embodiments, it
will be appreciated by those of ordinary skill in the art
that the invention lends itself to many different variations
not specifically illustrated herein. By way of example
only, certain possible variations will now be described.

The above embodiments concern the shape and geometry of
a stringer mounted on a wing panel. It will of course be
appreciated that the principles of the above-described
embodiments of the invention could be applied to other parts
of the structure of an aircraft where there is a panel or
portion of skin of the aircraft that is stiffened by means
of a stringer. Thus, applications for embodiments of this
invention could be widespread within the aerospace sector
and include any instance where a composite stringer is
required on a varying thickness panel.

The web of the stringer as shown in the Figures has an
end surface (the top of the web as shown in the Figures)
which lies on a substantially planar surface. The composite
stringer may be machined after having been cured so that the
top of the stringer web does not follow a substantially
straight line. For example, the web may include one or more
cut-outs to accommodate other components of the aircraft.
Similarly, the foot of the stringer does not need to have an
end surface (for example the edge of the stringer to the far
right as shown in Figure 2b) that lies on a substantially

flat surface. The foot may for example include one or more
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cut-outs to accommodate other components of the aircraft or
changes in shape in the panel which the stringer abuts.

The stringer is shown in the Figures as extending
lengthwise along a substantially straight line. Wing panels
and other aerofoil surfaces on aircraft are typically curved
and are non-planar. As such it is likely that the stringer
will have a shape than extends in one general direction, but
which deviates from the straight line geometry of the
exemplary stringers illustrated schematically by the
accompanying drawings. It will also be appreciated by those
skilled in the art that changes in gradient along the
surface of the stringer will be gradual as it is difficult
for composite materials to have sharp changes in gradient
without performing additional machining steps.

The first and second notional reference lines, for
example lines 20 and 22, may be in the form of geodesic
lines. The geodesic separation between the first and second
notional reference lines as measured across the first and
third surfaces may be constant for at least part of the
length of the stringer (in addition to, or instead of, the
distance between the reference lines being constant at
successive cross-sections of the stringer as measured within
the cross-section.)

It is within the scope of the present invention for
sections of the stringer to be in accordance with one or
more of the above-mentioned embodiments, and other sections
of the stringer not to be in accordance with any of the
above embodiments.

Where in the foregoing description, integers or

elements are mentioned which have known, obvious or
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foreseeable equivalents, then such equivalents are herein
incorporated as 1if individually set forth. Reference should
be made to the claims for determining the true scope of the
present invention, which should be construed so as to
encompass any such equivalents. It will also be appreciated
by the reader that integers or features of the invention
that are described as preferable, advantageous, convenient
or the like are optional and do not limit the scope of the

independent claims.
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Claims

1. A stringer for use in an aerospace structure, wherein

the stringer is made from composite material comprising
a multiplicity of layers,

the stringer has a foot and a web extending from an
edge of the foot so that the stringer has a generally L-
shaped cross-section along its length,

the stringer defines

a first surface on the foot being shaped to abut a
structure to be stiffened,
a second surface on the foot being opposite the

first surface,

a third surface on or in the web being at the same
layer in the composite material as the first surface, and

a fourth surface on the web being on the same side of
the stringer as the second surface,

the geometry of the stringer varies along at least part
of its length so that with increasing distance in a given
direction along the length of the stringer the first surface
is displaced towards the second surface as the fourth
surface 1s displaced towards the third surface, whereby the
risk of causing, during fabrication of the stringer,
undesirable creasing, stressing or stretching of composite
material layers in a region in which the geometry of the
stringer varies with increasing distance along its length is

reduced.

2. A stringer according to claim 1, wherein
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the geometry of the stringer varies along at least part
of its length so that with increasing distance in said given
direction the second surface moves in the direction from the
second surface to the first surface as the third surface
moves in the direction from the third surface to the fourth

surface.

3. A stringer according to claim 1 or claim 2, wherein

the cross-sectional geometry of the stringer wvaries
along at least part of its length so that the distance
between the points at which a cross-section of the stringer
intersects with first and second noticnal reference lines 1is
substantially constant for all such cross-sections of the
stringer along said at least part of the length, the
distance being measured along the surface of the stringer at
the cross-section, each cross-section being taken on a plane
that has a normal parallel to the local lengthwise direction
of the stringer, the first notional line being positioned on
the first surface and being perpendicular to the direction
in which the foot extends from the web, the second notional
line being positioned on the third surface and being
perpendicular to the direction in which the web extends from

the foot.

4. A stringer for use in an aerospace structure, wherein
the stringer is made from composite material comprising
a multiplicity of layers,
the stringer has a foot and a web extending from the
foot,

the stringer defines
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a first surface on the foot being shaped to abut a
structure to be stiffened,

a second surface on the foot being opposite the
first surface,

a third surface on or in the web being at the same
layer in the composite material as the first surface,
and

a fourth surface on the web being on the same side
of the stringer as the second surface,
the cross-sectional geometry of the stringer wvaries

along at least part of its length so that the distance
between the points at which a cross-section of the stringer
intersects with first and second noticonal reference lines 1is
substantially constant for all such cross-sections of the
stringer along said at least part of the length, the
distance being measured along the surface of the stringer at
the cross-section, each cross-section being taken on a plane
that has a normal parallel to the local lengthwise direction
of the stringer, the first notional line being positioned on
the first surface and being perpendicular to the direction
in which the foot extends from the web, the second notional
line being positioned on the third surface and being
perpendicular to the direction in which the web extends from
the foot, whereby the risk of causing, during fabrication of
the stringer, undesirable creasing, stressing or stretching
of composite material layers in a region in which the
geometry of the stringer varies with increasing distance

along its length is reduced.
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5. A stringer according to claim 4, wherein the stringer

has a cross-sectional shape which is generally T-shaped.

6. A stringer according to claim 4, wherein the stringer

has a cross-sectional shape which is generally Y-shaped.

7. A stringer according to claim 4, wherein the stringer

has a cross-sectional shape which is generally L-shaped.

8. A stringer according to any of claims 4 to 7, wherein
the web of the stringer lies in substantially the same plane

along said at least part of the length of the stringer.

9. A stringer according to any preceding claim, wherein
said at least part of the length of the stringer represents
the majority of the length of the stringer.

10. A stringer according to any preceding claim, wherein
along said at least part of the length of the stringer the
thickness of the foot of the stringer is substantially

constant.

11. A stringer according to any preceding claim, wherein
along said at least part of the length of the stringer the
thickness of the web of the stringer is substantially

constant.

12. An aerospace structure, an outer surface of which being

defined by a skin, wherein the skin is stiffened from inside
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the structure by means of a plurality of stringers mounted
on the skin, each of the plurality of stringers being in
accordance with a stringer according to any of claims 1 to

11.

13. An aircraft, an outer surface of which being defined by
a skin, wherein the skin is stiffened from inside the

aircraft by means of a plurality of stringers mounted on the
skin, each of the plurality of stringers being in accordance

with a stringer according to any of claims 1 to 11.

14. A method of making a design model for a composite
stringer, the stringer having a foot and a web, wherein the
method comprises the steps of:

providing first data defining the desired geometry of
the foot of the stringer model, the separation of the foot
from a datum plane varying along the length of the stringer,

generating second data defining the geometry of the web
of the stringer model including generating local changes in
the geometry of the web at regions where it is determined
from the first data that the separation of the foot from the
datum plane changes, and

using said first data and said second data to output a
stringer model including a foot and a web,

said local changes in the shape of the web being
generated to reduce the risk of defects being created in a
stringer made from layered composite material according to

the stringer model.
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15. A method according to claim 14, wherein the risk of
defects being created in a stringer made from layered
composite material according to the stringer model is
reduced during the step of generating the second data
defining the geometry of the web of the stringer model by
means of generating changes of geometry in the web to off-

set changes in the geometry of the foot.

16. A method according to claim 15, wherein during the step
of generating the second data defining the geometry of the

web of the stringer model, there is a step of ascertaining a
joggle in the foot and introducing a corresponding joggle in

the web.

17. A method according to claim 14, wherein the risk of
defects being created in a stringer made from layered
composite material according to the stringer model is
reduced during the step of generating the second data
defining the geometry of the web of the stringer model by
means of generating the geometry of the web to reduce any
change in distance as measured along the surface of the
stringer model from a first datum line on the foot surface
following the length of the stringer to a second datum line
on the web surface also following the length of the

stringer.

18. A method according to claim 17, wherein the step of
generating the second data defining the geometry of the web
of the stringer model is performed so that there is

substantially no change in distance as measured along the
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surface of the stringer model from the first datum line to

the second datum line.

19. A method of manufacturing a stringer, wherein the
method comprises the steps of:

providing a mould tool having a profile dependent on a
stringer model generated by means of a method in accordance
with any of claims 14 to 18,

laying up layers of composite material on the mould
tool, and

then curing the layers of composite material.

20. A computer programmed to perform the method of any of

claims 14 to 18.

21. Software product for programming a computer to perform
the method of any of claims 14 to 18, the software product
including

a module for processing data defining the desired
geometry of the foot of a stringer model to generate data

defining the geometry of the web of the stringer model.
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