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(57) Abstract: A method and apparatus for combining elongated strips (100), wherein the strips (100) are wrapped with a flexible
material (200) that may include a reinforcement layer (114) and other layers such as adhesives (116, 118) whereby the strips (100)
can be bonded to one another. Additionally, layers of e.g., a stabilizing material (172, 174) may be added to one or both sides of the
intermediate formed by the elongated strips (100) and flexible material (200). The stabilizing material (174, 176) can be e.g., layers
of a scrim and/or one or more layers of material that are impregnated with a resin to add strength to the intermediate.
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METHOD AND APPARATUS FOR COMBINING ELONGATED STRIPS

FIELD OF THE INVENTION

[0001]  The present invention relates to method and apparatus for
combining elongated strips. More specifically, the present invention relates to a
method and apparatus for wrapping and/or bonding elongated strips with a

flexible material.

BACKGROUND

[0002] High strength, low density materials have been used in the
manufacture of a special class of composites known as sandwich panels. In one
exemplary construction, such panels can include a relatively low density core
that is sandwiched between thin but stiff materials. The resulting panel can have
a high bending stiffness but a relatively low weight that is useful in a variety of
applications including e.g., marine, infrastructure, and transportation. Open and
closed cell materials including balsa wood or foams created from e.g.,
polystyrene, polyvinylchloride, polyurethane, or polyethylene can be used for the
lower density core. Glass or carbon fiber reinforcement fabrics can be used for
the outer layer(s) of thin materials. Various adhesives may be used to combine
these materials into the desired composite panel.

[0003] U.S. Patent No. 7,851,048, incorporated herein by reference,
describes exemplary embodiments of a composite in the form of a fiber
reinforced core panel constructed with strips. For example, in one of its
exemplary embodiments, U.S. Patent No. 7,851,048 provides a panel
constructed from a plurality of low density, elongated strips having a
reinforcement sheet that is wrapped around, and positioned between, the
elongated strips. The relatively thin intermediate structure provided by the
reinforcement sheet and elongated strips can be further provided with layers or
skins of material on one or both sides to provide e.g., additional stability or
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strength. Various shapes for the strips may be applied as well as variations in

the reinforcement and skins.

[0004] The manufacture of a composite such as e.g., the panel described
in U.S. Patent 7,851,048 can be time consuming and labor intensive. The
positioning of multiple strips within various layers can require repeated transport
and handling of each in order to provide the desired orientation of the strips for
the resulting panel. Additional complexity is created by the use of multiple layers
for the reinforcement sheet and/or the skins and the use of e.g., adhesives to
combine these elements of the panel.

[0005]  Accordingly, a need exists for a method, apparatus, or both that
can be used to manufacture a composite panel or an intermediate that may be
used in the manufacture of such a composite panel. More particularly, a system
for combining multiple strips with one or more flexible materials (such as
reinforcement layers and/or adhesive layers) wrapped around the strips would
be very useful. Such a system that can also be used to adhere the strips
together with the flexible materials would also be beneficial. Additional utility
would be provided where such system also allows for one or more layers to be
provided to the outside of the combined strips.

SUMMARY

[0006]  Aspects and advantages of the invention will be set forth in part in
the following description, or may be obvious from the description, or may be
learned through practice of the invention.

[0007] In one exemplary aspect, the present invention provides a method
of forming a reinforced structure. The steps of such method can include
providing a first strip having a longitudinal axis, the first strip having at least three
faces that extend in a direction along the longitudinal axis, the at least three
faces comprising a first face, a second face, and a third face; moving the first
strip into contact with a flexible material and wrapping the flexible material about
the first face and the second face; wrapping the flexible material about the third
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face; pushing the first strip along a direction that is substantially perpendicular to
its longitudinal axis; and, constraining the first strip along its longitudinal axis so
as to maintain the wrapping of flexible material about the first strip.

[0008] In another exemplary embodiment of the present invention, an
apparatus is provided for forming a reinforced structure from a plurality of strips
and a flexible material where the strips have a length that defines a longitudinal
axis. The apparatus includes a channel formed by first and second opposing
surfaces. The opposing surfaces are separated by a distance configured for
receipt of the thickness of the strips wrapped with the flexible material. The
channel has a length configured for receipt of the length of the strips. The
channel defines a first side and a second side. A first infeed of strips is
positioned along the first side of the channel. A first actuator is located about the
first side of the channel. The first actuator is movable towards the channel and is
configured for moving strips from the first side towards and into the channel. A
second infeed of strips is located along the second side of the channel that is
opposite the first side. A second actuator is positioned about the second side of
the channel. The second actuator is movable towards the channel and is
configured for moving strips from the second side towards and into the channel
in an alternating manner with the first actuator. An infeed of the flexible material
is positioned adjacent to the channel and between the first and second actuator.
The infeed of the flexible material is configured for supplying the flexible material
into the channel.

[0009] These and other features, aspects and advantages of the present
invention will become better understood with reference to the following
description and appended claims. The accompanying drawings, which are
incorporated in and constitute a part of this specification, illustrate embodiments
of the invention and, together with the description, serve to explain the principles

of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A full and enabling disclosure of the present invention, including
the best mode thereof, directed to one of ordinary skill in the art, is set forth in
the specification, which makes reference to the appended figures, in which:

[0011] FIG. 1 provides a schematic view of an exemplary embodiment of
a manufacturing process that can be used to combine multiple strips to create
e.g., a composite panel or an intermediate for a composite panel.

[0012] FIGS. 2 through 7 provide schematic views of an exemplary
embodiment of an apparatus as may be used to position, wrap, and advance
multiple strips according to an exemplary method also illustrated by these
figures.

[0013] FIGS. 8 though 11 provide schematic views of an exemplary
embodiment of an apparatus as may be used to adhere multiple strips to each
other using a flexible material, and may also be used to attach one or more
layers to the outside of the strips according to an exemplary method also
illustrated by these figures.

[0014] FIG. 12 provides a perspective view of exemplary strips as may be
combined using the present invention.

[0015]  The use of identical or similar reference numerals in different

figures denotes identical or similar features.

DETAILED DESCRIPTION

[0016]  The present invention provides a method and apparatus for
combining elongated strips. More specifically, the present invention relates to a
method and apparatus for wrapping and/or bonding elongated strips with a
flexible material. “Flexible”, in this application means that the material is capable
of being bent without breaking. Additionally, layers of e.g., a stabilizing material
may be added to the intermediate formed by the elongated strips and flexible
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material. For purposes of describing the invention, reference now will be made
in detail to embodiments and/or methods of the invention, one or more examples
of which are illustrated in or with the drawings. Each example is provided by
way of explanation of the invention, not limitation of the invention. In fact, it will
be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the scope or spirit
of the invention. For instance, features or steps illustrated or described as part
of one embodiment, can be used with another embodiment or steps to yield still
further embodiments or methods. Thus, it is intended that the present invention
covers such modifications and variations as come within the scope of the

appended claims and their equivalents.

[0017] FIG. 1 provides an overall view of a manufacturing process 20 as
may be used for combining elongated strips 100 with a flexible material 200 that
is positioned between, and wrapped at least partially around, the elongated
strips 100. As will be further described, process 20 includes a formation section
30, an internal bonding section 40, an external bonding section 50, and a cutting
section 60 that could each be used separately or in different combinations from
what is shown in FIG. 1 as will be understood using the teachings disclosed
herein.

[0018] Referring to FIG. 12, elongated strips 100 can be constructed with
a variety of different profiles or cross-sectional shapes including, for example,
trapezoidal 102, triangular 104, and square 106. Each strip 100 has a
longitudinal axis L and at least three faces extending along such longitudinal
axis. For example, strip 100 with trapezoidal shape 102 includes first face 101,
second face 103, and third face 105. Cross-sectional shapes having a larger
number of faces such as e.g., four faces may be used as well. The low density
strips 100 may be formed from any suitable materials including but not limited to
foam (closed-cell or open-cell), balsa wood, and sealed plastic strips. The foam
may be, for example, polyurethane foam, expanded polystyrene foam, expanded
polyethylene foam, expanded polypropylene foam, or a copolymer thereof. The
strips may be formed e.g., of a rigid foam such as PVC, styrene acrylonitrile
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(SAN), or polymethacrylimide (PMI); a fire resistant foam such as phenolic; or
hollow tubes made of plastic, metal, paper, or the like.

[0019] For this exemplary embodiment, formation section 30 includes feed
rolls 108, 110, and 112 that provide materials which are combined in layers to
create flexible material 200. Each roll 108, 110, and 112 can be provided with a
tensioning device to maintain tension on the materials pulled from each roll
during operation of manufacturing process 20. Such tensioning can assist in
preventing the creation of folds or wrinkles in the material as it is applied to strips
100. A different number of feed rolls may be used from that shown in FIG. 1.
For example, flexible material 200 may be created from a single material such
that only one roll is needed. Alternatively, more than three rolls may be used as

well.

[0020] By way of example, feed roll 108 may provide a reinforcement
material 114 that becomes a layer in flexible material 200 as illustrated in FIG. 1.
Reinforcement material 114 can include, but is not limited to, a woven, knit,
bonded textile, nonwoven (such as a chopped strand mat), or sheet of strands.
Reinforcement material 114 can be unidirectional strands such as rovings and
may be held together by bonding, knitting a securing yarn across the rovings, or
weaving a securing yarn across the rovings. In the case of woven, knit, warp
knit/weft insertion, nonwoven, or bonded, the textile can have yarns or tape
elements that are disposed in a multi-(bi-or tri-) axial direction. The yarns or
fibers of the reinforcing material 114 may be, for example, fiberglass, carbon,
polyester, aramid, nylon, natural fibers, and mixtures thereof. The continuous
fibrous reinforcement material 114 can be a multi-axial knit. A multi-axial knit has
high modulus, non-crimp fibers that can be oriented to suit a combination of
shear and compression requirements. The fibers may be monofilament,
multifilament, staple, tape elements, or a mixture thereof. Glass rovings are
preferred due to their low cost, relatively high modulus, and good compatibility
with a variety of resins. The fibers used in the reinforcement material sheet 114
can have a high strength to weight ratio. For example, preferably the fibers have
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a strength to weight ratio of at least 1 GPa/g/cm?® as measured by standard fiber
properties at 23 °C and a modulus of at least 70 GPa.

[0021] Feed rolls 110 and 112 can provide e.g., layers 116 and 118 of an
adhesive. For example, layers 116 and 118 may comprise a nonwoven
adhesive web that is activated in the presence of heat and bonds upon cooling,
such as polyamide adhesive scrim. As shown in FIG. 1, layers 116 and 118 are
positioned along both sides of reinforcement material 114 to create flexible
material 200, which is in turn wrapped around strips 100 as will be described
below. Other combinations may be used as well. For example, multiple layers
may be applied to one or both sides of reinforcement material 114. Additionally
feed rolls 110 and 112 can be removed so that no adhesive is provided or
reinforcement material 114 may contain an adhesive.

[0022]  Turning now to FIG. 2, formation section 30 also includes a
channel 120 that is defined by a first opposing surface 122 and a second
opposing surface 124. Opposing surfaces 122 and 124 are separated by a
distance D that is configured for the thickness of strips 100 that are wrapped with
flexible material 200 and fed into channel 120 as shown in FIG. 2. Channel 120
has a length (a dimension perpendicular to the page as viewed by the reader)
that is configured for receipt of the length | (see FIG. 12) of strips 100. Channel
120 also defines a first side 126 and a second side 128, which are located on
opposing sides of channel 120 as well as opposing sides of the infeed of flexible
material 200.

[0023] First side 126 of channel 120 is equipped with an actuator 130 that,
for this exemplary embodiment, is constructed from a pusher mechanism 132
and a tucker mechanism 134. Pusher mechanism 132 includes a contact 136
that can be extended (as shown by arrow E in FIG. 3) so as to contact and push
strip 100 towards and into channel 120 as well as into contact with flexible
material 200. Tucker mechanism 134 includes a contact shoe 138 that can be
used to contact flexible material 200 and wrap such material about strip 100.
Second side 128 also includes an actuator 140 with a tucker mechanism 142
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and a pusher mechanism 144 that operate similar to mechanisms 132 and 134
albeit for strips 100 located on second side 128. Mechanisms 132, 134, 142,
and 144 could each be constructed from e.g., a ball screw actuator driven by a
servo motor. Although shown as separate devices, it should also be understood
that pusher mechanism 132 and tucker mechanism 134 could be constructed
from a single mechanism in order to provide actuator 130. Likewise,
mechanisms 142 and 144 could be constructed as a single mechanism for
actuator 140. Other configurations for actuators 130 and 140 may be used as

well including configurations using more than two mechanisms.

[0024]  Continuing with FIG. 2, first side 126 also includes a first infeed
146 of strips 100 while second side 128 includes a second infeed of strips 148.
As shown, infeeds 146 and 148 each consist of a plurality of strips 100 that are
placed onto surfaces 150 and 152 for manipulation by actuators 130 and 140.
For strips 100 having a trapezoidal cross section 102 as shown, the second face
103 of strips 100 in both of the infeeds 146 and 148 are oriented towards
channel 120. As such, the orientation of each strip 100 can be flipped relative to
the orientation of an adjacent strip 100 once positioned within channel 120 as
shown in FIG. 2. By way of example, infeeds 146 and 148 can be created
manually by an operator placing strips 100 on surfaces 150 and 152.
Alternatively, conveyors could be placed on each of sides 126 and 128 to
operate in synchronization with actuators 130 and 140. Other configurations for
supplying infeeds 146 and 148 may be used as well.

[0025] Referring now to FIG. 3, in operation a first strip 100a from first
side 126 is moved by the extension (arrow E) of pusher mechanism 132. Strip
100a is pushed into contact with flexible material 200, which is fed (arrow F)
between actuators 132 and 140 and into channel 120. More specifically, the
contact 136 of pusher mechanism 132 contacts the third face 105 so as to push
strip 100a along a direction that is basically perpendicular to its longitudinal axis
L. Such action causes flexible material 200 to be wrapped about first face 101
and second face 103 of strip 100a. In addition, a certain amount of flexible
material 200 is drawn into channel 120 as it is wrapped around strip 100a.
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[0026] Continuing to FIG. 4, tucker mechanism 142 on second side 128 is
then extended (arrow E) such that contact shoe 154 wraps flexible material 200
about the third face 105 of strip 100a. As tucker mechanism 142 continues its
extension and wrapping as shown in FIG. 5, strip 100a is pushed further into
channel 120, which causes the previously wrapped strips 100 in channel 120 to
be indexed downstream as shown by arrow |. Again, this action causes an
additional amount of flexible material 200 to be drawn into channel 120.
Opposing surfaces 122 and 124 operate to constrain multiple strips 100 that
have already been wrapped and inserted into channel 120 so that placement of
flexible material 200 about strips 100 is maintained.

[0027] Next, as shown in FIG. 6, pusher mechanism 144 on second side
128 is extended as shown by arrow E so that contact 156 moves a second strip
100b from second infeed 148 towards channel 120 and along a direction that is
basically perpendicular to the longitudinal axis £ of strip 100b. As shown,
contact 156 pushes strip 100b along third face 105 until strip 100b is moved into
channel 120 and wrapped with flexible material 200 about first face 101 and
second face 103. As this occurs, flexible material 200 is drawn into channel 120.

[0028] Viewing now FIG. 7, tucker mechanism 134 on first side 126 is now
extended (arrow E) such that contact shoe 138 wraps flexible material 200 about
the third face 105 of strip 100b. As tucker mechanism 134 continues its
extension and wrapping, strip 100b is pushed further into channel 120, which
causes the previously wrapped strips 100 in channel 120 to be indexed
downstream as shown by arrow | and also causes second strip 100b to be
positioned against the third face 105 of first strip 100a with the longitudinal axis £
of strips 100a and 100b being substantially parallel. This same movement of
strip 100b also causes an additional amount of flexible material 200 to be drawn
into channel 120. Opposing surfaces 122 and 124 operate to constrain multiple
strips 100 that have already been wrapped and inserted into channel 120 so that
placement of flexible material 200 about strips 100 is maintained.
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[0029]  Accordingly, the process illustrated in FIGS. 4 through 7 continues
S0 as to provide a plurality of strips 100 wrapped with flexible material 200 and
positioned in channel 120. As described and shown, the tucking and wrapping
alternates between sides 126 and 128 and wrapped strips 100 are fed or
indexed downstream in the machine direction as shown by arrows I. While this
operation has been described with regard to the use of trapezoid-shaped strips
100, using the teachings disclosed herein, one of skill in the art will understand
that a similar process can be used for strips 100 having other shapes as well.

[0030] Returning to FIG. 1, as strips 100 are wrapped and fed
downstream (arrows 1), channel 120 feeds the strips 100 to internal bonding
section 40. For the exemplary embodiment depicted in FIG. 1, channel 120 is
shown as having a curve 158. Such is provided by way of example only.
Channel 120 could be straight at all points or have multiple curves depending
upon e.g., the particular configuration required for an installation or application.

[0031]  FIGS. 8 through 11 provide close up views of internal bonding
section 40 where strips 100 wrapped in flexible material 200 are received from
formation section 30. Internal bonding section 40 includes a clamping
mechanism 160 constructed from a pair of clamping plates 162 positioned about
opposing sides of the stream of strips 100 and flexible material 200. Clamping
plates 162 can be used to hold the position of multiple strips 100 wrapped with
flexible material 200. For example, as shown by arrows C in FIGS. 1 and 9,
clamping plates 162 have been pressed against several strips 100 and a portion
of flexible material 200 to hold their position. Conversely, as shown by arrows R
in FIGS. 8, 10, and 11, clamping plates 162 have been released so that strips
100 and flexible material 200 can be indexed forward or moved in the

downstream direction.

[0032] As alsoillustrated in FIGS. 8 through 11, internal bonding section
40 includes a first heating device 164 created by a set of hot air blowers 166.
Blowers 166 are positioned downstream of the clamping mechanism 160 and
are also positioned about opposing sides of the stream of strips 100 and flexible
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material 200. Blowers 166 can be used to apply heated air (arrows H) to the
flexible material 200 particularly when strips 100a and 100b are separated to
expose the flexible material 200 that is located between such strips as shown
more particularly in FIG. 9. Blowers 166 can be operated at other times in the
process as well. The configuration of heating device 164 with blowers 166 is
provided by way of example only. Other configurations can also be used such
as e.g., a single blower on one side, an adhesive applicator (such as an
adhesive sprayer or powder coater with blowers) on one or both sides, and
others as well. A variety of adhesive types may be applied such as e.g., hot
melt, UV adhesives, and others could also be used.

[0033]  Afirst conveying device 168 is positioned downstream of first
heating device 164. First conveying device 168 is constructed from a pair of
conveyors 170 positioned about opposing sides of the stream of strips 100 and
flexible material 200. Conveyors 170 are spaced apart from each other by an
amount that is about equal to the thickness of the strips 100 wrapped with
flexible material 200. Each conveyor 170 rotates as shown by arrows A in FIG. 8
and contacts the stream of strips 100 and flexible material 200 to advance the
same downstream along the machine direction (see arrows | in FIG. 8). As will
be discussed below, conveyors 170 can be selectively activated as needed to
move the strips 100 and flexible material 200 on needed.

[0034]  Accordingly, in order to bond adjacent strips 100 together with
flexible material 200, internal bonding section 40 operates as follows Starting
with FIGS. 1 and 8, the stream of strips 100 and flexible material 200 is
advanced (arrows |) from formation section 30 to bonding section 40 as strips
100 are wrapped and pushed into channel 120 as previously described. During
such time, the pair conveyors 170 are activated (arrow A) to assist in moving the
stream of strips 100 and flexible material 200 downstream as shown by arrow |
in FIG. 8. As will be understood from the discussion of formation section 30
above, the stream of strips 100 and flexible materials 200 advances by one strip
100 at a time as individual strips 100 are wrapped and tucked in formation
section 30.
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[0035] Referring now to FIG. 9, after advancing by one strip 100, the
clamping plates 162 are activated to press upon (arrows C) the strips 100 and
flexible material 200 that are between plates 162, which stops the movement of
this material. Next, the rotation of conveyors 170 (as shown by arrows A)
causes a separation between the upstream first strip 100a and the downstream
second strip 100b. This separation exposes a portion of the flexible material 200
that was positioned between first strip 100a and second strip 100b. While
exposed, blowers 166 are able to push hot air across flexible material 200 to
activate the adhesive materials 116 and 118 that were applied to reinforcement
material 114 in formation section 30.

[0036] Upon being heated a sufficient time to activate the adhesive,
clamping plates 162 are released as shown by arrows R in FIG. 10. At this
same time, first conveying device 168 remains inactive such that the strips 100
and flexible material 200 positioned between conveyors 170 are fixed in position.
As a result, when the stream of strips 100 and flexible material 200 upstream of
conveying device 168 is indexed forward (arrow I), the second strip 100b is
pressed against first strip 100a to provide a pressure that along with the
adhesive materials acts to bond strips 100a and 100b together. This pressure is
maintained until strips 100a and 100b are sufficiently bonded together such that
separation will not occur upon being moved along the machine direction. If
needed, after activation of the adhesive and contacting of the strips, blowers 166
can be deactivated to allow cooling of the adhesive. After sufficiently bonding
together, strips 100 and flexible material 200 are indexed forward or downstream
as shown in FIG. 11. This movement causes strips 100a and 100b to be moved
so that the internal bonding process as just described for section 40 can be
repeated again between strips 100b and 100c¢, and so forth.

[0037] Asshown in FIG. 1, strips 100 that are joined together with flexible
material 200 in the internal bonding section 40 form an intermediate 300 that is
advanced downstream to the external bonding section 50 where additional
layers may be added to the exterior - i.e., opposing sides — of intermediate 300.
For example, it may be desirable to add layers of stabilizing materials 172 and
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174 to one or both of the opposing sides 300a and 300b of intermediate 300.
The materials can be provided from feed rolls 176 and 178, which may be
equipped with tensioning devices.

[0038]  Stabilizing materials 172 and 174 may comprise e.g., textiles such
as scrims that are applied to intermediate 300 to facilitate its handling and
transport. Such scrims restrict the rotation and movement of strips 100 except
for rotation about their longitudinal axis £. Preferably, such scrims have open
apertures and low surface area to allow the flow of resin into strips 100 during
e.g., any subsequent impregnation processes that may be employed.
Alternatively, stabilizing materials 172 and 174 may comprise one or more layers
of skin materials as described in U.S. Patent No. 7,851,048. By way of
additional example, the stabilizing materials 172 and 174 may comprise both
layers of the scrims and the skin materials. As such, additional feed rolls may be
added to supply materials along with feed rolls 176 and 178.

[0039] A second conveying device 180 is positioned downstream of first
conveying device 168 and includes a pair of conveyors 182 positioned on the
opposing sides 300a and 300b of intermediate 300. Conveyors 182 rotate to pull
stabilizing materials 172 and 174 into the space between the conveyors 182 and
against the sides 300a and 300b of intermediate 300. As intermediate 300 and
materials 172 and 174 are advanced through conveyors 182, pressure is applied
to the same. If need, a second heating device in the form of heaters 184 can be
used to activate, for example, adhesives that are present in stabilizing materials
172 and/or 174 or flexible materials 200. Accordingly, stabilizing materials 172
and 174 can be bonded as layers onto intermediate 300 as such pass through
conveyors 182.

[0040] Finally, the intermediate 300 with one or more layers of stabilizing
materials is advanced downstream to cutting section 60. As shown in FIG. 1,
cutting section 60 includes a first saw 186 and a second saw 188 that may be
used to cut intermediate 300 into the lengths and widths desired. Multiple saws
can be used in place of the first and or second saw. For example, first and
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second saws 186 and 188 may be used to cut intermediate 300 into panels 4
feet wide by 8 feet long as is commonly used in construction materials. Other

dimensions may be used as well.

[0041]  While the present subject matter has been described in detail with
respect to specific exemplary embodiments and methods thereof, it will be
appreciated that those skilled in the art, upon attaining an understanding of the
foregoing may readily produce alterations to, variations of, and equivalents to
such embodiments. Accordingly, the scope of the present disclosure is by way
of example rather than by way of limitation, and the subject disclosure does not
preclude inclusion of such modifications, variations and/or additions to the
present subject matter as would be readily apparent to one of ordinary skill in the
art.
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WHAT IS CLAIMED |IS:

1. A method of forming a reinforced structure, the steps comprising:

providing a first strip having a longitudinal axis, the first strip having at
least three faces that extend in a direction along the longitudinal axis, the at least
three faces comprising a first face, a second face, and a third face;

moving the first strip into contact with a flexible material and wrapping the
flexible material about the first face and the second face;

wrapping the flexible material about the third face;

pushing the first strip along a direction that is substantially perpendicular
to its longitudinal axis; and,

constraining the first strip along its longitudinal axis so as to maintain the
wrapping of flexible material about the first strip.

2. A method of forming a reinforced structure as in claim 1, wherein
said step of moving comprises pushing the first strip along the third face so as to
move the strip into contact with a flexible material and wrap the flexible material
about the first face and the second face.

3. A method of forming a reinforced structure as in claim 1, further
comprising the steps of:

providing a second strip having a longitudinal axis, the second strip also
having at least three faces that extend in a direction along the longitudinal axis;
and,

repeating said steps of pushing, wrapping, and constraining with the
second strip such that the second strip is positioned against the third face of the
first strip with the longitudinal axis of the second strip and the first strip being
substantially parallel, and whereby the flexible material is positioned between the
first strip and the second strip.
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4. A method of forming a reinforced structure as in claim 3, wherein in
the flexible material further comprises an adhesive and further comprising the
steps of:

separating the first strip and the second strip so as to expose the flexible
material located between the first strip and the second strip;

activating the adhesive in the flexible material exposed during said step of
separating; and,

pressing the first strip and the second strip back together with the flexible
material located between so as to bond together the first strip and the second
strip.

5. A method of forming a reinforced structure as in claim 4, further
comprising the steps of:

applying stabilizing layers to both sides of an intermediate formed by the
bonding together of the first strip and the second strip; and,

pressing the stabilizing layers against both sides of the intermediate while
applying heat so as to bond the stabilizing layers to the intermediate.

6. A method of forming a reinforced structure as in claim 5, further
comprising the step of impregnating at least a portion of one or more of the
flexible layer and the stabilizing layers.

7. An apparatus for forming a reinforced structure from a plurality of
strips and a flexible material, said strips having a length that defines a
longitudinal axis, the apparatus comprising:

a channel formed by first and second opposing surfaces, said opposing
surfaces separated by a distance configured for receipt of the thickness of the
strips wrapped with the flexible material, said channel having a length configured
for receipt of the length of the strips, said channel defining a first side and a
second side;

a first infeed of strips positioned along the first side of said channel;



WO 2012/125227 PCT/US2012/022551

10

15

20

25

30

a first actuator located about the first side of said channel, said first
actuator being movable towards said channel, said first actuator configured for
moving strips from said first side towards and into said channel;

a second infeed of strips located along the second side of said channel
that is opposite said first side;

a second actuator positioned about the second side of said channel, said
second actuator being movable towards said channel, said second actuator
configured for moving strips from said second side towards and into said channel
in an alternating manner with said first actuator; and,

an infeed of the flexible material positioned adjacent to the channel and
between said first and second actuator, said infeed of the flexible material
configured for supplying the flexible material into said channel.

8. An apparatus for forming a reinforced structure as in claim 7,
wherein said first and second actuators are positioned for moving the strips
along a direction that is substantially perpendicular to the longitudinal axis of the
strips that are provided by said first infeed and said second infeed.

9. An apparatus for forming a reinforced structure as in claim 7,
wherein said first actuators and said second actuators each comprise:

a pusher mechanism configured for contacting the strips and moving the
strips along a direction that is substantially perpendicular to the longitudinal axis
of the strips and moving the strips into contact with the flexible material; and,

a tucker mechanism configured for pressing the flexible material against
the strips and for advancing the strips along said channel.

10.  An apparatus for forming a reinforced structure as in claim 7,
further comprising:

a clamping mechanism positioned downstream of said channel, said
clamping mechanism configured for selectively clamping the strips and the
flexible material received from said channel; and,
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a first heating device positioned downstream of said clamping
mechanism, said first heating device configured for applying heat to the flexible

material.

11.  An apparatus for forming a reinforced structure as in claim 10,
further comprising:

a first conveying device positioned downstream of said first heating
device, said first conveying device configured for pulling the strips and the
flexible material away from said clamping mechanism so as to expose the
flexible material to said first heating device.

12.  An apparatus for forming a reinforced structure as in claim 11,
wherein the strips and the flexible material from said conveying device comprise
an intermediate having opposing sides, said apparatus further comprising:

a first infeed of stabilizing material provided to one of the opposing sides
of the intermediate.

13.  An apparatus for forming a reinforced structure as in claim 12,
further comprising

a second infeed of stabilizing material provided to another of the opposing
sides of the intermediate.

14.  An apparatus for forming a reinforced structure as in claim 12,
further comprising:

a second heating device positioned downstream of said conveying device,
said second heating device configured to provided heat along at least one of the
opposing sides of the intermediate.

15.  An apparatus for adhering components of a reinforced structure,
the reinforcing structure including a plurality of elongated strips and a flexible
material positioned between the elongated strips, the apparatus defining
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upstream and downstream directions relative to the flow of the plurality of
elongated strips, the apparatus comprising:

a clamping device for fixing the position of an upstream elongated strip
relative to a downstream elongated strip;

a positioning device positioned downstream of said clamping device, said
positioning device configured for pulling the downstream elongated strip away
from said upstream elongated strip to expose the flexible material positioned
therebetween; and,

a heater positioned to provide heat to the flexible material at a position
between said clamping device and said positioning device.
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