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CONTOURED COMPOSITE PARTS

Conventional stiffeners in aircraft and other devices often comprise hat-section stiffeners
which are three flanged beams. However, these beams often may not be placed in highly
contoured areas without wrinkling and/or buckling type issues. Costly repairs are often needed
to provide added reinforcement to carry the required loads. Moreover, additional material such
as repair plies may be needed which may increase the weight. Further, additional processing,
inspection, and/or production steps may be required which may increase both the cost and time
of production.

A composite part and/or method of manufacture is needed to decrease one or more problems

associated with one or more of the existing composite parts and/or methods of manufacture.

SUMMARY

In one aspect of the disclosure, a composite part comprises a curved elongated section
comprising a plurality of stacked reinforcement layers. The stacked reinforcement layers in the
curved elongated section comprise at least one of non-continuous woven fabric and non-
continuous reinforcement.

In another aspect of the disclosure, a method of manufacturing a composite part is
disclosed. In one step, an elongated composite part is provided. The elongated composite part
comprises stacked reinforcement layers comprising at least one of non-continuous woven fabric
and non-continuous reinforcement. In another step, the elongated composite part is formed into
a curved elongated section comprising at least one of the non-continuous woven fabric and the
non-continuous reinforcement.

These and other features, aspects and advantages of the disclosure will become better

understood with reference to the following drawings, description and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a perspective view of one embodiment of a composite part which
comprises a curved elongated section, which is curved in a Z plane, and a straight elongated
section;

Figure 2 shows a cross-section view through line 2-2 of the curved elongated section of
the composite part embodiment of Figure 1;

Figure 3 shows a cross-section view through line 3-3 of 45° woven fabric of the cross-
section view of the embodiment of Figure 2 converted to a flat-pattern view;

Figure 4 shows a cross-section view through line 4-4 of 0/90° woven fabric of the cross-
section view of the embodiment of Figure 2 converted to a flat-pattern view;

Figure 5 shows a cross-section view through line 5-5 of 90° reinforcement of the cross-
section view of the embodiment of Figure 2 converted to a flat-pattern view;

Figure 6 shows a cross-section view through line 6-6 of 0° reinforcement of the cross-
section view of the embodiment of Figure 2 converted to a flat-pattern view;

Figure 7 shows a bottom plan view of the composite part of Figure 1, with dashed lines
used to show windows in the reinforcement layers of the curved elongated section;

Figure 8 shows a cross-section view through line 8-8 of the straight clongated section of
the composite part embodiment of Figure 1;

Figure 9 shows another embodiment of a cross-section view through line 9-9 of the
curved elongated section of the composite part embodiment of Figure 1;

Figure 10 shows a perspective view of one embodiment of a composite part which
comprises a curved elongated section, which is curved in an X-Y plane, and a straight elongated
section attached to a member;

Figure 11 shows a cross-section view through line 11-11 of the curved elongated section

of the composite part embodiment of Figure 10;

.
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Figure 12 shows a bottom plan view of the composite part of Figure 10, with dashed lines
used to show windows in the reinforcement layers of the curved elongated section;

Figure 13 shows a cross-section view through line 13-13 of the straight elongated section
of the composite part embodiment of Figure 10; and

Figure 14 shows one embodiment of a flowchart of a method of manufacturing a

composite part.

DETAILED DESCRIPTION

The following detailed description is of the best currently contemplated modes of
carrying out the disclosure. The description is not to be taken in a limiting sense, but is made
merely for the purpose of illustrating the general principles of the disclosure, since the scope of
the disclosure is best defined by the appended claims.

Figure 1 shows a perspective view of one embodiment of a composite part 10 which
comprises a curved elongated section 12, which is curved in a Z plane, and a straight elongated
section 14. The composite part 10 may be made of stacked layers of reinforcement and may
comprise an aircraft part, an aircraft frame, an aircraft stringer, or a non-aircraft part, device, or
structure. The curved elongated section 12 may comprise flange members 16 and 18, web
members 20 and 22, and cap member 24.

Figure 2 shows a cross-section view through line 2-2 of the curved elongated section 12
of the composite part 10 embodiment of Figure 1. As shown, the curved elongated section 12
may comprise a plurality of stacked reinforcement layers 26 having different types/orientations
of reinforcement. In other embodiments, the stacked reinforcement layers 26 may be made of
varying materials. Some layers 28 of 45° (PX) woven fabric 29 may extend continuously from
flange member 16 through web member 20, cap member 24, web member 22, and flange

member 18. Other layers 31 of 45° (PX) woven fabric 29 may extend continuously from the
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web member 20, through the cap member 24, and to the web member 22, and may extend within
the flange members 16 and 18. Still other layers 35 of 45° (PX) woven fabric may extend
continuously around a perimeter 37 of the web member 20, the cap member 24, and the web
member 22 without extending through the flange members 16 and 18. Figure 3 shows a cross-
section view through line 3-3 of some of the 45° woven fabric 29 of the cross-section view of the
embodiment of Figure 2 converted to a flat-pattern view. The 45° woven fabric 29 may
comprise layers of reinforcement 30 at a 45° angle 32 relative to layers of reinforcement 33.

As shown in Figure 2, layers 39 of 0/90° (PW “plain weave”) woven fabric 34 may
extend non-continuously along the curved elongated section 12. The 0/90° woven fabric 34 may
extend from flange member 16 only part-way through web member 20. The 0/90° woven fabric
34 may also extend from flange member 18 only part-way through web member 22. The 0/90°
woven fabric 34 may not extend in cap member 24. There may be one or more windows 36 in
the web member 20, the cap member 24, and the web member 22 where the 0/90° woven fabric
34 does not extend. These windows 36 may lessen and/or prevent the curved elongated section
12 from wrinkling. Figure 4 shows a cross-section view through line 4-4 of the 0/90° woven
fabric 34 of the cross-section view of the embodiment of Figure 2 converted to a flat-pattern
view. The 0/90° woven fabric 34 may comprise layers of reinforcement 38 which are
perpendicular to layers of reinforcement 40.

As shown in Figure 2, layers 41 of 90° reinforcement 42 may extend only part-way from
web member 20 through cap member 24 and only part-way through web member 22. The 90°
reinforcement 42 may not extend through flange members 16 or 18, and may not extend through
portions 44 and 46 of web members 20 and 22. There may be one or more windows 48 in the
web member 20, the cap member 24, and the web member 22 where the 90° reinforcement 42
does not extend. These windows 48 may lessen and/or prevent the curved elongated section 12

from wrinkling. Figure 5 shows a cross-section view through line 5-5 of the 90° reinforcement
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42 of the cross-section view of the embodiment of Figure 2 converted to a flat-pattern view. The
90° reinforcement 42 may comprise parallel layers of reinforcement 50.

As shown in Figure 2, layers 43 of 0° reinforcement 52 may extend only part-way
through the cap member 24. The layers of 0°reinforcement 52 may extend in the web members
20 and 22 but not the flange member 16 or 18. There may be one or more windows 54 in the
web members 20 and 22 and the cap member 24 where the reinforcement does not extend.
These windows 54 may lessen and/or prevent the curved elongated section 12 from wrinkling.
Figure 6 shows a cross-section view through line 6-6 of the 0° reinforcement 52 of the cross-
section view of the embodiment of Figure 2 converted to a flat-pattern view. The 0°
reinforcement 52 may comprise parallel layers of reinforcement 56 which are oriented
perpendicularly to the reinforcement 50 of Figure 5.

As shown in Figure 2, the curved elongated section 12 may be attached to a member 58
which may comprise an aircraft skin and/or other type of aircraft or non-aircraft part. A plurality
of filler members 60 may be attached for extra support between the curved elongated section 12
and the member 58.

Figure 7 shows a bottom plan view of the composite part 10 of Figure 1, with dashed
lines used to show the respective windows 36, 48, and 54 in the reinforcement layers 26 of the
curved elongated section 12. The windows 36, 48, and 54 may lessen and/or prevent the curved
clongated section 12 from wrinkling.

Figure 8 shows a cross-section view through line 8-8 of the straight elongated section 14
of the composite part 10 embodiment of Figure 1. As shown, the straight elongated section 14
may comprise a second plurality of stacked reinforcement layers 64. The second plurality of
stacked reinforcement layers 64 may comprise layers of 45° (PX) woven fabric 29 which may
extend continuously from flange member 16 through web member 20, cap member 24, web

member 22, and flange member 18. The second plurality of stacked reinforcement layers 64
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may further comprise layers of 0/90° (PW “plain weave”) woven fabric 34 which may extend
continuously from flange member 16 through web member 20, cap member 24, web member 22,
and flange member 18. Wrinkling may not be an issue in the straight elongated section 14,
which may allow the layers of 45° (PX) woven fabric 29 and the layers of 0/90° (PW “plain
weave”) woven fabric 34 to extend continuously through the flange members 16 and 18, web
members 20 and 22, and cap member 24 without using any windows in the reinforcement layers
64.

Figure 9 shows another embodiment of a cross-section view through line 9-9 of the
curved elongated section 12 of the composite part 10 embodiment of Figure 1. The cross-section
view of Figure 9 may be identical to the cross-section view of Figure 2 with the exception that
the 0/90° woven fabric 34 may extend within the flange members 16 and 18 and into either the
web members 20 and 22 but not into the cap member 24. As a result, the windows 36 where the
0/90° reinforcement does not extend may be expanded.

Figure 10 shows a perspective view of one embodiment of a composite part 110 which
comprises a curved elongated section 112, which is curved in an X-Y plane, and a straight
clongated section 114 attached to a member 158 which may comprise an aircraft skin and/or
other type of aircraft or non-aircraft part. The composite part 110 may be made of stacked layers
of reinforcement and may comprise an aircraft part, an aircraft frame, an aircraft stringer, or a
non-aircraft part, device, or structure. The curved elongated section 112 may comprise flange
members 116 and 118, web members 120 and 122, and cap member 124.

Figure 11 shows a cross-section view through line 11-11 of the curved elongated section
112 of the composite part 110 embodiment of Figure 10. As shown, the curved eclongated
section 112 may comprise a plurality of stacked reinforcement layers 126 having different
types/orientations of reinforcement. The stacked reinforcement layers 126 may be made of one

or more types of reinforcement. In other embodiments, the stacked reinforcement layers 126

-6 -



10

15

20

25

WO 2009/088699 PCT/US2008/087529

may be made of varying materials. Some layers 128 of 45° (PX) woven fabric 129 may extend
continuously from flange member 116 through web member 120, cap member 124, web member
122, and flange member 118.

As shown in Figure 11, layers of 0/90° (PW “plain weave”) woven fabric 134 may
extend non-continuously along the curved elongated section 112. The 0/90° woven fabric 134
may extend only in the web members 120, and not extend in the flange members 116 and 118, or
the cap member 124. In other embodiments, the 0/90° woven fabric 134 may extend only part-
way within the flange members 116 and 118 without extending into the cap member 124. There
may be one or more windows 136 in the flange members 116 and 118, and the cap member 124
where the 0/90° woven fabric 134 does not extend. These windows 136 may lessen and/or
prevent the curved elongated section 112 from wrinkling.

As shown in Figure 11, layers of non-continuous narrow strips or tows of 0°
reinforcement 152 may extend from flange members 116 and 118 through the web members 120
and into the cap member 124 with a nominal gap between each strip or tow. These windows 154
may lessen and/or prevent the curved elongated section 112 from wrinkling.

As shown in Figure 11, the curved elongated section 112 may be attached to a member
158 which may comprise an aircraft skin and/or other type of aircraft or non-aircraft part. A
plurality of filler members 160 may be attached for extra support between the curved elongated
section 112 and the member 158.

Figure 12 shows a bottom plan view of the composite part 110 of Figure 10, with dashed
lines used to show the non-continuous narrow strips or tows of 0° reinforcement within the
windows 136, 148, and 154 in the 0/90° (PW “plain weave”) woven fabric layers 134 of the
curved elongated section 112. The windows 136, 148, and 154 may lessen and/or prevent the
curved elongated section 112 from wrinkling.

Figure 13 shows a cross-section view through line 13-13 of the straight elongated section
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114 of the composite part 110 embodiment of Figure 10. As shown, the straight elongated
section 114 may comprise a second plurality of stacked reinforcement layers 164. The second
plurality of stacked reinforcement layers 164 may comprise layers of 45° (PX) woven fabric 129
which may extend continuously from flange member 116 through web member 120, cap member
124, web member 122, and flange member 118. The second plurality of stacked reinforcement
layers 164 may further comprise layers of 0/90° (PW “plain weave”) woven fabric 134 which
may extend continuously from flange member 116 through web member 120, cap member 124,
web member 122, and flange member 118. Wrinkling may not be an issue in the straight
clongated section 114, which may allow the layers of 45° (PX) woven fabric 129 and the layers
of 0/90° (PW “plain weave”) woven fabric 134 to extend continuously through the flange
members 116 and 118, web members 120 and 122, and cap member 124 without using any
windows in the 0/90° (PW “plain weave”) woven fabric layers 164.

Figure 14 shows one embodiment of a flowchart 266 of a method of manufacturing a
composite part 10/110. In one step 268, an elongated composite part 10/110 may be
prepared/stacked. The prepared/stacked elongated composite part 10/110 may comprise stacking
reinforcement layers 26/126 having at least one of non-continuous plain weave (PW) 0/90°
woven fabric 34/134 and non-continuous 0° reinforcement 52/152, placing window plies around
highly-contoured areas of the windows 36/48/54/136/148/154 and adding structural
reinforcement plies into the windows 36/48/54/136/148/154 The stacked reinforcement layers
26/126 may be made of various reinforcements. In other embodiments, the stacked
reinforcement layers 26/126 may be made of varying materials. The preparing step 268 may
comprise preparing/stacking the plies of reinforcement into a flat charge the will comprise the
clongated composite part 10/110 with straight/flat stacked reinforcement layers 26/126. The
preparing step 268 may further comprise the straight elongated section 14/114 continuous plain

weave (PW) 0/90° woven fabric 34/134 extending throughout the straight elongated section
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14/114 and/or continuous 45° (PX) woven fabric 29/129 extending throughout the straight
clongated section 14/114.

The preparing step 268 may utilize a cutting machine, a lay-up machine, and/or another
type of machines to lay-up and/or cut the straight/flat stacked reinforcement layers 26/126. The
preparing step 268 may additionally comprise preparing/stacking the elongated composite part
10/110 by stacking reinforcement layers 26/126 further comprising 45° (PX) woven fabric
29/129 and 90° reinforcement 42/142. The preparing step 268 may include programming a
cutting machine, lay-up machine, and/or another type of machine to include a flat pattern for
cach of the stacked reinforcement layers 26/126 being stacked to include one or more windows
36/48/54/136/148/154 in the stacked reinforcement layers 26/126. The preparing step may
further include interleaving a separator film between the reinforcement plies in the windows
36/48/54/136/148/154 manually and/or by using a machine.

In another step 270, the uncured, straight stacked reinforcement layers 26/126 of the
prepared elongated composite part 10/110 may be formed into a curved elongated section
12/112. The forming step 270 may utilize a forming machine, a mold, and/or another type of
forming device, structure, and/or process. In one embodiment, the forming step 270 may
comprise one or more of the following: machine forming the elongated section 12/112 of the
prepared elongated composite part 10/110 using the uncured, straight stacked reinforcement
layers 26/126; placing the formed elongated section 12/112 into a cure mold; straightening
flange members 16/18/116/118, and web members 20/22/120/122, as needed; locating and
forming the window plies in the contoured sections; removing the separator film; and curing the
curved elongated section 12/112 without wrinkles. The formed curved elongated section 12/112
may comprise one or more plies of the non-continuous plain weave (PW) 0/90° woven fabric
34/134 and the non-continuous 0° reinforcement 52/152. The forming step 270 may further

comprise forming the uncured, straight stacked reinforcement layers 26/126 of the prepared
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elongated composite part 10/110 into a straight elongated section 14/114. The formed straight
clongated section 14/114 may comprise continuous plain weave (PW) 0/90° woven fabric 34/134
extending throughout the straight elongated section 14/114 and/or continuous 45° (PX) woven
fabric 29/129 extending throughout the straight elongated section 14/114.

In one embodiment, the preparing and forming steps 268 and 270 may comprise
preparing and forming a composite part 10 comprising at least one of an aircraft part, an aircraft
frame, and an aircraft stringer. In other embodiments, varying non-aircraft structures, devices, or
parts may be prepared and formed.

In still other embodiments, the composite parts and the methods disclosed in the various
embodiments of the instant disclosure may comprise and/or utilize woven fabric of any angular
orientation, and/or reinforcement of any angular orientation. For instance, anywhere in this
disclosure where a certain degree woven fabric, and/or a certain degree reinforcement is referred
to, the degree of the woven fabric and/or the degree of the reinforcement may be varied.

One or more embodiments of the disclosure may reduce one or more problems of one or
more of the existing composite parts and/or methods of manufacture. For instance, one or more
embodiments of the disclosure may provide a composite part that can be placed in a highly
contoured area with reduced and/or eliminated wrinkling and/or buckling type problems; may
reduce costly repairs needed to add reinforcement to carry required loads; may reduce the need
for additional reinforcing material thereby reducing cost and weight; may reduce the need for
additional processing, inspection, and production steps; and/or may reduce one or more other
types of problems.

It should be understood, of course, that the foregoing relates to exemplary embodiments
of the disclosure and that modifications may be made without departing from the spirit and scope

of the disclosure as set forth in the following claims.
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CLAIMS

1. A composite part comprising:

a curved elongated section comprising a plurality of stacked reinforcement layers,
wherein the stacked reinforcement layers in the curved elongated section collectively comprise at
least one of non-continuous woven fabric and non-continuous reinforcement.

2. The composite part of claim 1 wherein the composite part comprises at least one
of an aircraft part, an aircraft frame, and an aircraft stringer.

3. The composite part of claim 1 wherein the stacked reinforcement layers in the
curved elongated section further comprise at least one of 45 degree woven fabric (PX) and 90
degree reinforcement.

4. The composite part of claim 1 wherein the curved elongated section comprises a
plurality of flange members, a plurality of web members, and a cap member.

5. The composite part of claim 4 wherein the curved elongated section is curved in a
Z plane and the web members and the cap member each comprise at least one of: continuous
plain weave (PX) 45 degree woven fabric, non-continuous plain weave (PW) 0/90 degree woven
fabric, and non-continuous 0 degree reinforcement.

6. The composite part of claim 4 wherein the curved elongated section is curved in
an X-Y plane and the flange members and the cap member each comprise at least one of: plain
weave (PX) 45 degree woven fabric, non-continuous plain weave (PW) 0/90 degree woven
fabric, and non-continuous 0 degree reinforcement.

7. The composite part of claim 1 wherein the composite part further comprises a
straight elongated section.

8. The composite part of claim 1 wherein the stacked reinforcement layers in the
curved elongated section collectively comprise at least one of non-continuous plain weave (PW)

0/90 degree woven fabric and non-continuous 0 degree reinforcement.
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9. A method of manufacturing a composite part comprising:

preparing an elongated composite part comprising stacked reinforcement layers
comprising at least one of non-continuous woven fabric and non-continuous reinforcement;

forming the elongated composite part into a curved elongated section comprising at least
one of the non-continuous woven fabric and the non-continuous reinforcement.

10. The method of claim 9 wherein the preparing step and forming step comprise
preparing and forming at least one of an aircraft part, an aircraft frame, and an aircraft stringer.

11. The method of claim 9 wherein the preparing step comprises preparing the
clongated composite part comprising stacked reinforcement layers comprising at least one of
non-continuous plain weave (PW) 0/90 woven fabric and non-continuous 0 degree
reinforcement, and wherein the forming step comprises forming the elongated composite part
into a curved elongated section comprising at least one of the non-continuous plain weave (PW)
0/90 woven fabric and the non-continuous 0 degree reinforcement.

12. The method of claim 9 wherein the preparing step comprises preparing the
clongated composite part comprising straight stacked reinforcement layers.

13. The method of claim 18 wherein the preparing step further comprises preparing
the elongated composite part comprising the stacked reinforcement layers further comprising 45
degree woven fabric (PX) and 90 degree reinforcement and non-continuous 0 degree
reinforcement.

14. The method of claim 9 wherein the forming step further comprises forming the
clongated composite part into a straight clongated section comprising at least one of continuous
plain weave (PW) 0/90 woven fabric extending throughout the straight elongated section,
continuous 45 degree woven fabric (PX) extending throughout the straight elongated section, and

continuous 0 degree reinforcement extending throughout the straight elongated section.
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15. The method of claim 9 wherein the forming step utilizes at least one of a forming

machine and a mold.
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