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METHOD AND DEVICE FOR TRANSPORTING,
PLACING AND COMPACTING COMPOSITE STIFFENERS

BACKGROUND INFORMATION
1. Field:
The present disclosure generally relates to the fabrication composite structures, and deals
more particularly with a method and device for transporting, placing and compacting contoured

composite stiffeners.

2. Background:

During the fabrication of contoured composite stiffeners such as stringers, a compactor may
be used to compact a layup of the stringer against tool surfaces. In some cases, the tool surfaces may
be contoured along one or more planes. Compactors have been developed that are flexible along a
single plane of curvature, consequently where the stringer is contoured in more than one plane, the
tool surfaces have relatively complex geometries that require the compaction process to be performed
by hand. When laying up compound contoured composite stringers by hand, wrinkles may form in
the laminate plies which gather at various points in the layup and/or undesired fiber distortion may
occur. Using hand layup techniques, the location of ply wrinkles and ply gathering is difficult to
control, thus introducing variations in the finished part that may affect part performance. Also, the
human factor involved in hand layup may introduce process variations that lead to undesired
inconsistencies in the finished parts.

Accordingly, there is a need for a method and device for compacting contoured composite
stiffeners such as stringers which may consistently and predictably distribute ply wrinkles and
gathering in a manner that improves part quality and/or performance. There is also a need for a
compactor device that may be used to transport stringers to a cure tool and which conforms to

compound curvatures of the stringer during stringer placement and compaction.

SUMMARY

The disclosed embodiments provide a method and device for transporting, placing and
compacting composite stiffeners, such as stringers, that are contoured in more than one plane. The
compactor places and compacts stringer layups in a cure tool in a manner that regulates and
standardizes the distribution of ply wrinkling and/or ply gathering. The disclosed compaction device
is flexible in multiple planes and conforms to contours of the stringer regardless of undulations in
stringer geometry. Predictable ply wrinkling/gathering allows engineering changes to be made in the
stringer design which compensate for the ply wrinkling and/gathering, thereby improving part quality

and/or performance.
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According to one disclosed embodiment, a compactor is provided for use in fabricating a
contoured elongate composite structure. The compactor comprises at least a first section flexible
along its length within a first plane, and at least a second section coupled with the first section and
flexible along its length within the first plane and within a second plane. The first and second planes
are generally orthogonal to each other. Each of the first and second sections includes a generally
planar cap portion and a hat portion adapted to be received within a cavity in the composite structure.
The cap portion includes a plurality of reinforcement strips extending transversely across the width of
the cap portion and spaced along its length. The cap portion also includes a plurality of flexible
rubber joints along its length which allow the second section to flex within the second plane. The hat
portion includes a plurality of transversely extending slits therein which are substantially aligned with
the flexible rubber joints.

According to another embodiment, a device is provided for transporting and compacting a
contoured composite hat stiffener layup having a cavity therein. The device comprises a hat portion
adapted to be placed within the cavity, and a generally planar cap portion coupled with the hat portion
and flexible within a first plane generally parallel to the cap portion. The hat portion and the cap
portion are each flexible in a second plane generally orthogonal to the first plane. The cap portion
includes laminated plies of flexible material and strips of substantially rigid reinforcement. The
flexible material may comprise a rubber.

According to a further embodiment, a method is provided of using a compactor to make a
composite stiffener. The method comprises forming a composite stiffener layup and bringing the
compactor into contact with the layup. The stiffener layup is adhered to the compactor, and the
compactor is used to transport and place the stiffener layup on a surface. The stiffener layup is
compacted against the surface by the compactor. Adhering the stiffener layup to the compactor
includes generating a vacuum inside the compactor, and using the vacuum to suck the stiffener layup
against the compactor. Sucking the stiffener layup against the compactor includes generating a
suction force by drawing air through sides of the compactor in contact with the layup. Using the
compactor to place the stiffener layup includes conforming the compactor to the geometry of the
surface by allowing the compactor to flex within two generally orthogonal planes.

According to a still further embodiment, a method is provided of making a compactor flexible
in orthogonal planes for compacting a contoured composite stiffener layup. The method comprises
laying up at least a first portion of the compactor by placing a plurality of composite reinforcement
strips in generally parallel, spaced apart relationship to each other, and forming flexible joints
between the reinforcement strips by laminating a ply of flexible rubber with the reinforcement strips.
The laminating includes cocuring the rubber ply and the reinforcement strips. Laying up the first
portion of the compactor includes providing at least one flat ply of fiber reinforced resin, castellating
opposite edges of the flat ply to form flange strips on the flat ply, and laying up the reinforcement

strips over the flange strips.
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In summary, according to one aspect of the invention there is provided a compactor for use in
fabricating a contoured elongate composite structure, including at least a first section flexible along its
length within a first plane; and at least a second section coupled with the first section and flexible
along its length within the first plane and within a second plane.

Advantageously the compactor wherein the first and second planes are generally orthogonal
to each other.

Advantageously the compactor wherein the second section of the compactor includes a
generally planar first portion and a second portion adapted to be received within a cavity in the
composite structure.

Advantageously the compactor wherein the first portion includes a plurality of reinforcement
strips extending transversely across the width of the first portion and spaced apart along the length of
the first portion, slots between the reinforcement strips, and a flexible material in the slots.

Advantageously the compactor wherein the second portion includes a plurality of transversely
extending slits therein, and the slits are substantially aligned with the slots in the first portion.

Advantageously the compactor wherein the second section includes a plurality of flexible
rubber joints along its length allowing the second section to flex within the second plane.

Advantageously the compactor wherein the second section includes alternating strips of
reinforcement and rubber along its length.

Advantageously the compactor further comprising a splice joint between the first and second
sections.

According to another aspect of the invention there is provided a device for transporting and
compacting a contoured composite hat stiffener layup having cavity, including a hat portion adapted
to be placed within the cavity; and, a generally planar cap portion coupled with the hat portion and
flexible within a first plane generally parallel to the cap portion.

Advantageously the device wherein the hat portion and the cap portion are each flexible in a
second plane generally orthogonal to the first plane.

Advantageously the device wherein the cap portion includes laminated plies of flexible
material and strips of substantially rigid reinforcement extending transversely across the width of the
cap portion.

Advantageously the device wherein the flexible material is a rubber, the reinforcement strips
are spaced apart from each other along the length of the cap portion to define transverse slots, and the
slots are substantially filed with the rubber.

Advantageously the device wherein the reinforcement strips include unidirectional fiber
reinforced resin, and the flexible material includes a synthetic rubber.

Advantageously the device wherein the hat portion includes a plurality of slits therein along
its length, wherein the slits extend substantially perpendicular to the plane of the cap and are

substantially aligned with the slots between the reinforcement strips.
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Advantageously the device wherein the hat portion includes a plurality of slits along its length
that are adapted to be coupled with a vacuum source for sucking the layup against the hat portion.

According to a further aspect of the present invention there is provided a method of using a
compactor to make a composite stiffener, including forming a composite stiffener layup; bringing the
compactor into contact with the stiffener layup; adhering the stiffener layup to the compactor; using
the compactor to transport and place the stiffener layup on a surface; and using the compactor to
compact the stiffener layup against the surface.

Advantageously the method wherein adhering the stiffener layup to the compactor includes
generating a vacuum inside the compactor, and using the vacuum to suck the stiffener layup against
the compactor.

Advantageously the method wherein sucking the stiffener layup against the compactor
includes generating a suction force by draw air through sides on the compactor in contact with the
stiffener layup.

Advantageously the method wherein using the compactor to place the stiffener layup includes
conforming the compactor to the geometry of the surface by allowing the compactor to flex within
two generally orthogonal planes.

According to a yet further aspect of the present invention there is provided a method of
making a compactor flexible in orthogonal planes for compacting a contoured composite stiffener
layup, including laying up at least a first portion of the compactor by placing a plurality of composite
reinforcement strips in generally parallel, spaced apart relationship to each other; and forming
flexible joints between the reinforcement strips by laminating a ply of flexible rubber with the
reinforcement strips.

Advantageously the method wherein the laminating is includes cocuring the rubber ply and
the reinforcement strips.

Advantageously the method wherein laying up the first portion of the compactor includes
providing at least one flat ply of fiber reinforced resin, castellating opposite edges of the flat ply to
form flange strips on the flat ply, and laying up the reinforcement strips over the flange strips.

Advantageously the method further including laying up a second portion of the compactor by
laying up a plurality of fiber reinforced resin plies over a tool having a cavity therein; and placing a
bladder within the tool cavity over the laid up fiber reinforced resin plies, wherein laying up the first
portion of the compactor is performed by placing the reinforcement strips over the laid up fiber
reinforced resin plies on the tool.

According to another aspect of the present invention there is provided a device for
transporting, placing and compacting a compound contoured composite hat stringer, including a
substantially continuous, elongate, generally planar cap portion, the cap portion including a first
section flexible only within a first plane and including a plurality of laminated plies of fiber reinforced

resin, a second section flexible within the first plane and flexible within a second plane orthogonal to
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first plane, the second section including a plurality of stacked strips of unidirectional fiber reinforced
resin, the stacked strips being spaced apart along the length of the cap portion to define slots between
the stacked strips, the second section further including flexible rubber filling the slots and extending
across the entire width of the cap portion, and a splice joint between the first and second sections; a
hat-shaped portion joined to the cap portion, the hat portion having a generally open interior and a
plurality of slits therein its length communicating with the open interior and dividing the hat-portion
into segments, the slits being respectively aligned with the slots in the second section of the cap
portion, the hat-shaped portion being adapted to be coupled with a vacuum source for drawing a
vacuum within the open interior that produces a vacuum suction force through the slits that draws the
stringer against the hat hat-shaped portion.

According to another aspect of the present invention there is provided another method of
making a flexible compactor for transporting, placing and compacting a composite hat stringer having
compound contours along its length, including laying up at least a first portion of the compactor by
placing a plurality of composite reinforcement strips in generally parallel, spaced apart relationship to
each other, providing at least one flat ply of fiber reinforced resin, castellating opposite edges of the
flat ply to form flange strips on the flat ply, and laying up the reinforcement strips over the flange
strips; forming flexible joints between the reinforcement strips by laminating a ply of flexible rubber
with the reinforcement strips, including cocuring the rubber ply and the reinforcement strips; laying
up a second portion of the compactor by laying up a plurality of fiber reinforced resin plies over a tool
having a cavity therein; placing a bladder within the tool cavity over the laid up fiber reinforced resin
plies, wherein laying up the first portion of the compactor is performed by placing the reinforcement
strips over the laid up fiber reinforced resin plies on the tool; and sawing slits in the second portion of

the compactor that are aligned with the flexible joints in the first portion of the compactor.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the advantageous embodiments are set forth in
the appended claims. The advantageous embodiments, however, as well as a preferred mode of use,
further objectives and advantages thercof, will best be understood by reference to the following
detailed description of an advantageous embodiment of the present disclosure when read in
conjunction with the accompanying drawings, wherein:

FIG. 1 is an illustration of a perspective view of a compactor according to one disclosed
embodiment.

FIG. 2 is an illustration of a perspective view of a composite stringer attached to an aircraft
skin curved in two planes.

FIG. 3 is an illustration of a side view of the stringer shown in FIG. 2.

FIG. 4 is an illustration of a sectional view taken along the line 4-4 in FIG. 3.

FIG. 5 is an illustration of a sectional view taken along the line 5-5 in FIG. 3.
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FIG. 6 is an illustration of an exploded, cross sectional view of a ply layup employed to form
a section of the compactor shown in FIG. 1.

FIG. 7 is an illustration similar to FIG. 6 but showing a ply layup employed to form another
section of a compactor shown in FIG. 1.

FIG. 8 is an illustration of a plan view of a ply forming part of the layups shown in FIGS. 6
and 7.

FIG. 9 is an illustration similar to FIG. 8, but showing opposing edges of a portion of the ply
having been castellated.

FIGS. 10-17 are illustrations of a plan views of a layup tool and successive ply layup steps
used to fabricate the compactor.

FIG. 18 is an illustration of a sectional view taken along the line 18-18 in FIG. 1.

FIG. 19 is an illustration of a flow diagram of a method of fabricating the compactor.

FIG. 20 is an illustration of a cross sectional view of a hat stringer being vacuum bag formed
over a male die.

FIG. 21 is an illustration of a sectional view of the hat stringer formed between male and
female stamping dies.

FIG. 22 is an illustration similar to FIG. 21 but showing the compactor having been installed
in the stringer layup.

FIGS. 23-26 are illustrations of sectional views showing successive steps of transporting,
placing and compacting the hat stringer in a cure tool using the compactor.

FIG. 27 is an illustration of a flow diagram of a method for fabricating a composite stringer.

FIG. 28 is an illustration of a flow diagram of aircraft production and service methodology.

FIG. 29 is an illustration of a block diagram of an aircraft.

DETAILED DESCRIPTION

Referring first to FIGS. 1-5, a compactor 30 (FIG. 1) may be used to transport, place and
compact a curved composite laminate stiffener, such as without limitation, the contoured hat stringer
50 shown in FIGS. 2-5. The compactor 30 is generally semi-rigid, with a degree of flexibility that
allows the compactor 30 to flex and conform to complex tool surfaces (not shown in FIG. 1) during
placement and compaction of a stringer layup in the tool. During transport and placement of the
stringer 50, the stringer 50 is held on the compactor 30 by a vacuum suction force 31. The compactor
30 is elongate and broadly comprises a first, segmented hat portion 38, and a second, continuous,
generally planar cap portion 36. The hat portion 38 includes inclined side walls 38a and a bottom
wall 38b.

The cap 36 includes laterally extending flanges 36a. The cap portion 36, along with the hat
portion 38 and a pair of end walls 45, form an enclosed interior space 35 extending substantially the

entire length “L” of the compactor 30. A pneumatic fitting 42 in one or both of the end walls 45 is
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adapted to couple the interior space 35 of the compactor 30 with a suitable vacuum source (not
shown) for drawing a vacuum within the compactor 30. As will be discussed below, the hat portion
38 includes a plurality of generally parallel slits 40 therein which allow air to be drawn through the
hat portion 38 into the interior space 35. The slits 40 extend substantially the entire height of the hat
portion 38 and divide it into individual segments 41 that allow the hat portion 38 of the compactor 30
to flex during placement and compaction of the layup in the tool. The slits 40 also allow air to be
drawn into the interior space 35, creating a vacuum 31 suction force that holds the stringer 50 on the
compactor 30 during transport, placement and compaction process. This vacuum adhesion of the
stringer 50 to the compactor 30 may permit a more symmetrical distribution of ply wrinkling and
gathering during stringer compaction.

The compactor 30 includes at least a first single flexible section 32 and at least a second
double flexible section 34. The sections 32, 34 are coupled with each other by joints 48 that are
suitable for the application, such as, without limitation, splice joints, scarf joints or butt joints. In the
illustrated embodiment, the compactor 30 includes only one section 34 coupled between two of the
sections 32 by two joints 48. However, the compactor 30 may have more than one of the sections 34
located at any area along the length of the compactor 30, including on either end of the compactor 30.
In some embodiments, substantially the entire compactor 30 may comprise a double flexible section
34. The compactor 30 may have more or less than two of the single flexible sections 32. As will be
discussed later in more detail, section 34 of the compactor 30 includes flexible joints 23 that allow
section 34 to flex in each of two planes 44, 46 that are substantially orthogonal to each other. Plane
44 extends substantially parallel to and through the cap 36, while plane 46 extends substantially
perpendicular to the cap 36. The flexible joint 23 may also allow torsional twisting of the compactor
30 along its longitudinal axis 47.

Both the cap portion 36 and the hat portion 38 may be formed from laminated plies (not
shown in FIG. 1) of fiber reinforced resin, such as without limitation, carbon fiber epoxy. The
number and thickness of the plies used to form the cap portion 36 in section 32 are chosen such the
cap portion 36 is flexible within plane 44 to the degree necessary to allow the compactor 30 to
conform with curved tool surfaces (not shown) during placement and compaction the stringer layup in
the tool. The slits 41 in the hat portion 38 allow the hat portion 38 to flex along with the cap portion
38 within the plane 44.

As will be described later, the area of the cap portion 36 that lies within the double flexible
section 34 of the compactor 30 is formed from a combination of materials that are cocured to form a
plurality of flexible joints 23. These flexile joints 23 allow the cap portion 36 to flex within both
planes 44, 46, as well as to twist about its longitudinal axis 47. The slits 40 in the hat portion 38 also
allow the area of the hat portion 38 within section 34 to flex within plane 46. As a result of the ability
of the compactor 30 to flex within two planes 44, 46 and conform to the geometry of a contoured tool

158 (FIGS. 24-26) or other surface during the stringer placement and compaction process, the location
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and/or pattern of ply gathering and/or ply wrinkling (not shown) may become more consistent, regular
and/or predictable from part-to-part, allowing suitable compensating engineering changes to be made
to the design of the stringer 50 which may improve the performance of the stringer 50.

Referring now to FIGS. 2-5, the hat stringer 50 has a generally hat shaped cross section
comprising a top 56, inclined side walls 55, a pair of laterally extending flanges 58. The stringer 50
may be attached to the interior surface 52a of a skin 52 having compound contours to which the
stringer 50 may be required to conform. The flanges 58 of the stringer 50 may be secured to the skin
52 by any suitable means, such as fasteners (not shown), bonding adhesives or by co-curing the
composite stringer 50 with the skin 52 in those applications where the skin 52 is a composite. As
shown in FIGS. 2 and 3, the stringer 50 has a first out-of-plane curvature 54, and as shown in FIG. 5
has a second out-of-plane curvature 60 conforming to the compound contours of the skin surface 52a.

Attention is now directed to FIG. 6 which illustrates a typical ply layup 61 used to form
section 34 of the compactor 30 shown in FIG. 1. The layup 61 is formed ply-by-ply on a layup tool
65 having a cavity 66 for forming the hat portion 38 of the stringer 50, and flange surfaces 65a for
forming the cap portion 36. Two full width plies 64 of fiber reinforced resin are laid over the cavity
portion 66 and covering the flange surfaces 65a. Three additional plies 68 of fiber reinforced resin are
laid up within the cavity portion 66. In one embodiment, plies 64 may be biased plies, while plies 68
may comprise a combination of biased plies and plain weave plies. The number of plies and their
fiber orientations may vary, depending on the application.

A sixth ply 70 comprises a plurality of reinforcement strips 70a of unidirectional fiber
reinforced resin which are spaced apart along the length of the tool 65 and each have fiber orientations
extending transversely across the cavity portion 66. The sixth ply 70 may comprise one or more
stacked reinforcement strips 70a of unidirectional prepreg tape. A seventh ply 72 comprises a layer of
flexible uncured synthetic rubber, such as, without limitation, Viton® fluoroelastomer, which has a
width slightly less than the strips in the sixth ply 70. The seventh ply 72 may comprise other
materials that remain flexible following curing. An eighth ply 74 comprises a second set
unidirectional fiber reinforced resin strips 74a which cover the cavity portion 66 of the tool 65 and are
respectively aligned with the strips 70a forming ply 70, as will be discussed in more detail below. A
final ninth ply 76 comprises a second full width layer of flexible uncured synthetic rubber, which may
also be a fluoroelastomer such as Viton®. The hat portion 38 of the layup 61 is formed by plies 64
and 68, while the cap portion 36 is formed by a combination of plies, 64, 70, 72, 74 and 76.

Referring to FIG. 7, the layup 63 forming section 32 of the compactor 30 comprises a pair of
full width plies 78 extending across the cavity portion 66 and over flange surfaces 65a of the tool 65.
Three additional plies 80 are laid up over the cavity portion 66. Next, a full width ply 86 is laid up,
followed by three plies 88 that cover only the cavity portion 66. Finally, another full width ply 90 is
laid up. Each of the plies of the layup 63 may be comprise a unidirectional or woven fiber prepreg

having fiber orientations selected for the particular application.
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Attention is now directed to FIGS. 8-17 which illustrate the sequential steps used to form the
layup 61 shown in FIG. 6. Referring first to FIG. 8, a substantially flat layup 62 of plies 64 shown in
FIG. 6 is provided which has a length substantially equivalent to that of all three sections 32, 34 of the
compactor 30. Next, as shown in FIG. 9, the opposing edges 95 along compactor section 34 of the
layup 62 are castellated using any suitable material removal technique, such as, without limitation, die
cutting. This castellation results in a series of reinforcement flange strips 64a in each of the plies 64
which are spaced apart along the length of section 34 and are separated by slots 128.

FIG. 10 illustrates the tool 65 ready to receive the ply layup 61 shown in FIG. 6. As
previously mentioned, the tool 65 includes a hat shaped cavity portion 66 for forming the hat portion
38 of the compactor 30, and a pair of flange surfaces 65a for forming the flange portions 36a of the
cap portion 36 of the compactor 30.

FIG. 11 illustrates the castellated plies 64 having laid up on the tool 65, with the spaced apart
flange strips 64a overlying the flange surfaces 65a of the tool 65. FIG. 12 reflects completion of the
next step in the layup process, in which the plies 68 are laid up within the cavity portion 66 of the tool
65, overlying plies 64. Then, as shown in FIG. 13, an inflatable bladder 142 is placed in the cavity
portion 66, overlying plies 68.

Referring to FIG. 14, the next step in the fabrication process comprises laying up the
transversely extending unidirectional prepreg reinforcement strips 70a, in alignment with and
overlying the flange strips 64a (FIG. 13) of the castellated layup 62. Each of the reinforcement strips
70a may comprise one or more plies of unidirectional prepreg tape, however other types of
reinforcements may be possible. The reinforcement strips 70a span substantially the entire width of
the cap section 36 and spaced on a pitch that is suited to the particular application.

FIG. 15 shows rubber ply 72 having been laid up over the reinforcement strips 70a following
which, as shown in FIG. 16, a second set of generally parallel, spaced apart reinforcement strips 74a
are laid up over the rubber ply 72, aligned with both the underlying reinforcement strips 70a and the
flange strips 64a (see FIGS. 13 and 14). The reinforcement strips 74a reinforce the area of the cap
section 36 that overlies the cavity 66. Finally, as shown in FIG. 17, a second ply 76 of uncured
synthetic rubber or similar flexible material is laid up over the reinforcement strips 74a. The second
rubber ply 76 spans substantially the entire width of the layup 61.

FIG 18 is a sectional illustration showing one of the flexible joints 23 in compactor section
34. The aligned stacking of the reinforcement strips 64a, 70a, 74a forms slots 128 that are filled with
rubber from rubber plies 72, 76 during ply lamination of the cap portion 36. Following this
lamination, the flexible rubber joints 23 extend across substantially the entire width of the cap portion
36. The reinforcement strips 64a, 70a, 74a provide the compactor section 34 with the rigidity needed
to maintain its shape and prevent it from collapsing when a vacuum is drawn within the compactor 30,

while the rubber filled slots 128 forming joints 23 allow the cap portion 36 to flex within either of
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orthogonal planes 44, 46 (FIG. 1). The flexible rubber joints 23 are aligned to coincide with the
location of the slits 40 along the length of the compactor.

FIG. 19 is a flow diagram illustrating the steps of a method of fabricating the compactor 30.
In one embodiment, beginning at step 92, a flat layup 62 of plies 64 is provided, and at step 94 the
edges of the layup 62 are castellated. At 96, the castellated layup 62 is placed on and formed over a
tool 65, and additional plies 68 may be laid up, as required, to reinforce the hat portion 38 of the
compactor 30. Then, as shown at 106, an inflatable bladder 142 is installed in a cavity 66 of the tool
65, overlying plies 64, 68. Alternatively, as shown at 100, plies 64 may be laid up on the forming tool
65 without castellation, following which additional hat plies 68 may be laid up at 102, as required. At
104, the edges of plies 64 are castellated to form the reinforcement flange strips 64a in double flex
section 34 of the compactor 30. At 108, the composite reinforcement strips 70a are laid up over the
flange strips 64a, and at 110 the first ply 72 of uncured rubber is laid up over the flange strips 64a. At
112, the second set of unidirectional composite reinforcement strips 74a are laid up over the first
rubber ply 72 in order to further reinforce the area of the cap portion 36 that overlies the cavity 66. At
114 the second ply 76 of uncured rubber is laid up over the reinforcement strips 74.

Each of the compactor sections 32 is laid up by first laying up the plies of the hat portion 38
in step 116, and then laying up the plies of the cap portion 36 at step 118. As the cap plies of
compactor section 32 are being laid up, at least certain of these plies are interleafed with the cap plies
of compactor section 34, as shown at step 120, in order to form the overlapping splice joints 48
between compactor sections 32, 34. The joints 48 may reduce localized stiffness and increase the
overall durability of the compactor 30. As previously mentioned, although splice joints 48 have been
shown in the exemplary embodiment, other types of joints may be possible.

At 122, the compactor layup is vacuum bagged and the rubber and composite resin plies are
co-cured, either with or without autoclave processing. Following co-curing, the slits 40 in the hat
portion 38 of the compactor 30 are formed by cutting, sawing, or other suitable processes. As
previously mentioned, the slits 40 are located and spaced apart from each other such that they are
substantially aligned with the rubber filed slots 128.

Attention is now directed to FIGS. 20-26 which illustrate the steps of a method of forming,
transporting, placing and compacting a composite hat stringer 50 layup using the flexible compactor
30. Referring first to FIG. 20, a composite hat-shaped stringer 50 may be formed by placing a multi-
ply composite charge over a male die 152 and using a vacuum bag 153 to compact and form the
charge over the die 152. Alternatively, as shown in FIG. 21, the stringer 50 may be formed by stamp
forming a composite charge between male and female dies 152, 156, respectively, creating a hat
cavity 154. Following forming, the stringer 50 may be trimmed, as necessary. With the stringer 50
supported in the female die 156, the compactor 30 is placed in the hat cavity 154 of the stringer 50
such that the hat 38 portion of the compactor 30 engages sidewalls 55 and the top 56 of the stringer
50, and the flange portions 36a of the compactor cap 36 overlie and engage the flanges 58 of the
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stringer 50. The stringer 50 and the compactor 30 may remain in the female die 156 which may be
used as a holding fixture to maintain the shape of the stringer 50 until the stringer 50 is ready to be
removed and transported for placement. Optionally, the stringer 50 may be transferred to a holding
fixture (not shown) until ready for placement. In order to remove stringer 50 from the female die 156
(or an optional holding fixture), a vacuum is drawn within the compactor 30 which draws air in
through the slits 40 (FIG. 1) to create a suction force 31 (FIG. 22) that causes the stringer 50 to adhere
to the compactor 30.

As shown in FIG. 23, with the stringer 50 adhered to the compactor 30, the compactor 30 is
lifted along with the stringer 50 away from female die 156, and is used to transport the stringer 50 to a
structure such as the tool 158, as shown in FIG. 23, having female tool surfaces 159 that are curved in
more than one plane and substantially match the outer mold line (OML) surface (not shown) of the
stringer 50. The compactor 30 is used to place the stringer 50 in a cavity 160 of the tool 158, as
shown in FIG. 25. With the compactor 30 and the stringer 50 installed in the tool cavity 160, a
vacuum bag assembly 155 is installed over the compactor 30 and the stringer 50, and a vacuum is
drawn in the bag 155 (FIG. 25) which, along with the compactor 30, compacts the layup 50 against
the tool surfaces 159. Following compaction of the stringer 50, as shown in FIG. 26, the compactor
30 is drawn away from the stringer 50. The stringer 50 may then be further processed. For example,
fillers (not shown) may be installed in the stringer 50, one or more bladders (not shown) may be
installed against the stringer 50, the stringer 50 may be attached to the skin 52 (FIG. 2) and cured in
an autoclave (not shown), etc.

FIG. 27 illustrates a flow diagram of the steps of fabricating the stringer 50 previously
described in connection with FIGS. 20-25. Beginning at 162, the composite hat stringer 50 charge is
laid up and, optionally trimmed, as necessary. At 164, the stringer charge is formed into a stringer
shape, as by die stamping or other processes. The formed stringer 50 may be trimmed after it is
formed in step 164, if not previously trimmed in step 162. Optionally, the stringer 50 may be
transferred to a holding fixture until it is ready to be transported and placed by the compactor 30. At
166, the compactor 30 is installed in the stringer cavity 160. The compactor 30 may remain in the
stringer 50 to maintain its shape until the stringer 50 is ready to be removed from the female die 156
or a holding fixture. At 168 the stringer 50 is adhered to the compactor 30 using a force generated by
drawing a vacuum within the compactor 30 that sucks the stringer 50 against the compactor 30. Next,
at 170, the compactor 30 is used to lift and transport the stringer 50 to a tool, fixture, part or other
structure or surface. For example, and without limitation, the compactor 30 may be used to transport
the stringer 50 to a tool 158, and then place the stringer 50 at a desired location on the tool 158 or
other structure or surface. As the stringer 50 is being placed by the compactor 30, the compactor 30
may flex in either or both of two orthogonal planes 44, 46, or twist around its longitudinal axis 47
(FI1G. 1) to the extent necessary to conform the stinger layup 50 to the curved surfaces of the structure,

such as the tool surfaces 159.
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At 174, a vacuum bag 155 along with other usual bagging components (not shown) are
installed and sealed over the tool 158, covering the stringer 50 and the compactor 30. At 176, a
vacuum is drawn on the bag 155 which compacts the stringer 50 through the compactor 50, while the
vacuum is maintained within the compactor 30. The vacuum drawn within the compactor 30 may aid
in evacuating the vacuum bag 155 during the compaction process, as a result of air leaking into the
compactor 30 through the slits 40 (FIG. 1). At 178 the stringer layup 50 is debagged, the vacuum
within the compactor 30 is released, and the compactor 30 is removed from the tool 158. At 180, the
compactor may be staged for reuse in compacting another stringer layup 50. The stringer fabrication
process may be continued at 182, depending on the application, by installing fillers in the stinger 50,
applying bladders, attaching skins to the stringer, etc.

Embodiments of the disclosure may find use in a variety of potential applications, particularly
in the transportation industry, including for example, acrospace, marine, automotive applications and
other application where automated layup equipment may be used. Thus, referring now to FIGS. 28
and 29, embodiments of the disclosure may be used in the context of an aircraft manufacturing and
service method 184 as shown in Figure 28 and an aircraft 186 as shown in Figure 29. Aircraft
applications of the disclosed embodiments may include, for example, without limitation, layup of
stiffener members such as, without limitation spars and stringers. During pre-production, exemplary
method 184 may include specification and design 188 of the aircraft 186 and material procurement
190. During production, component and subassembly manufacturing 192 and system integration 194
of the aircraft 186 takes place. Thereafter, the aircraft 186 may go through certification and delivery
196 in order to be placed in service 198. While in service by a customer, the aircraft 186 is scheduled
for routine maintenance and service 200, which may also include modification, reconfiguration,
refurbishment, and so on.

Each of the processes of method 184 may be performed or carried out by a system integrator,
a third party, and/or an operator (e.g., a customer). For the purposes of this description, a system
integrator may include without limitation any number of aircraft manufacturers and major-system
subcontractors; a third party may include without limitation any number of vendors, subcontractors,
and suppliers; and an operator may be an airline, leasing company, military entity, service
organization, and so on.

As shown in FIG. 29, the aircraft 186 produced by exemplary method 184 may include an
airframe 202 with a plurality of systems 204 and an interior 206. The airframe 202 may include
various stiffeners such as stringers and spars that may be fabricated using the disclosed method and
compactor. Examples of high-level systems 204 include one or more of a propulsion system 208, an
electrical system 210, a hydraulic system 212, and an environmental system 214. Any number of
other systems may be included. Although an aerospace example is shown, the principles of the

disclosure may be applied to other industries, such as the marine and automotive industries.
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Systems and methods embodied herein may be employed during any one or more of the
stages of the production and service method 184. For example, components or subassemblies
corresponding to production process 192 may be fabricated or manufactured in a manner similar to
components or subassemblies produced while the aircraft 186 is in service. Also, one or more
apparatus embodiments, method embodiments, or a combination thereof may be utilized during the
production stages 192 and 194, for example, by substantially expediting assembly of or reducing the
cost of an aircraft 186. Similarly, one or more of apparatus embodiments, method embodiments, or a
combination thereof may be utilized while the aircraft 186 is in service, for example and without
limitation, to maintenance and service 200.

The description of the different advantageous embodiments has been presented for purposes
of illustration and description, and is not intended to be exhaustive or limited to the embodiments in
the form disclosed. Many modifications and variations will be apparent to those of ordinary skill in
the art. Further, different advantageous embodiments may provide different advantages as compared
to other advantageous embodiments. The embodiment or embodiments selected are chosen and
described in order to best explain the principles of the embodiments, the practical application, and to
enable others of ordinary skill in the art to understand the disclosure for various embodiments with

various modifications as are suited to the particular use contemplated.
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CLAIMS:

What is claimed is:

1. A compactor for use in fabricating a contoured elongate composite structure, comprising:
at least a first section flexible along its length within a first plane; and
at least a second section coupled with the first section and flexible along its length within the

first plane and within a second plane.

2. The compactor of claim 1, wherein the first and second planes are generally orthogonal to
each other.
3. The compactor of either of claim 1 or claim 2, wherein the second section of the compactor

includes a generally planar first portion and a second portion adapted to be received within a cavity in

the composite structure.

4. The compactor of any preceding claim, wherein the first portion includes:

a plurality of reinforcement strips extending transversely across the width of the first portion
and spaced apart along the length of the first portion,

slots between the reinforcement strips, and

a flexible material in the slots.
5. The compactor of claim 4, wherein:
the second portion includes a plurality of transversely extending slits therein, and

the slits are substantially aligned with the slots in the first portion.

6. The compactor of any preceding claim, wherein the second section includes a plurality of

flexible rubber joints along its length allowing the second section to flex within the second plane.

7. The compactor of any preceding claim, wherein the second section includes alternating

strips of reinforcement and rubber along its length.

8. The compactor of any preceding claim, further comprising a splice joint between the first

and second sections.
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9. A method of using a compactor to make a composite stiffener, comprising:
forming a composite stiffener layup;
bringing the compactor into contact with the stiffener layup;
adhering the stiffener layup to the compactor;
using the compactor to transport and place the stiffener layup on a surface; and

using the compactor to compact the stiffener layup against the surface.

10. The method of claim 9, wherein adhering the stiffener layup to the compactor includes:
generating a vacuum inside the compactor, and

using the vacuum to suck the stiffener layup against the compactor.

11. The method of either claim 9 or claim 10, wherein sucking the stiffener layup against the
compactor includes generating a suction force by draw air through sides on the compactor in contact

with the stiffener layup.
12. The method of any of claims 9 to 11, wherein using the compactor to place the stiffener

layup includes conforming the compactor to the geometry of the surface by allowing the compactor to

flex within two generally orthogonal planes.
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