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(57) Abstract: A method/apparatus  (100)
closes and finishes an open end (7) of a product
that can be fused together with heat. The
apparatus (100) includes a bending stage (10),
a fusing stage (20), and a pressing/cooling stage
(50, 70, 90) which all can be integrally formed,
with the bending stage (10) positioned upstream
of the fusing stage (20), and the pressing/cooling
stage (50, 70, 90) positioned downstream of
the fusing stage (20). The apparatus (100) can

further include a trimming stage positioned upstream of the bending stage (10) for preparing the ends of a panel (1). The product
has a pair of spaced layers (2, 3) with edges that form an open end (7). Either one or both of the layers (2, 3) can be heated and
rolled toward the other layer (2, 3) while being heated so that they contact and fuse together. The layers (2, 3) can overlap and fuse
at their contact surfaces, or the edges can abut to form a buitt joint, or the edges can overlap slightly.
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METHOD AND APPARATUS FOR CLOSING
AN OPEN END OF A PRODUCT, & PRODUCT FORMED THEREBY

This application claims priority to provisional application SN 60/179,387
filed February 1, 2000, and incorporates the disclosure thereof in its entirety.

BACKGROUND

Fluted or corrugated panels have a wide range of applications. They are
generally used as an economical alternative to solid sheet panels, as they have an
extraordinary strength to weight ratio, with much greater insulating properties than
solid sheet panels — that is if the ends of the fluted panels are closed. The fluted
panels, which can be extruded from high-density polypropylene or polyethylene are
more durable than corrugated fiberboard, lighter than wood, and impervious to
water and can withstand harsh chemicals. For instance, fluted thermoplastic panels
can be used to form reusable containers and boxes, displays, screen printings,
automotive interior components, storage cabinets, walls, supports, etc. Transparent
fluted panels also can be used as skylights, wall dividers, etc.

Such a fluted panel typically comprises a pair of spaced apart thermoplastic
layers or skins interconnected with longitudinally extending ribs or flutes that form
longitudinally extending interior passageways, as illustrated in U.S. Patent No.
5,658,644, the disclosure of which is incorporated herein by reference. The flutes
are uniformly spaced apart and run in one direction for the entire length or width
thereof. The flutes, however, can run in any direction and can be angled. The cross
section of the panel having perpendicular flutes looks like a series of side-by-side
square tubes having open ends, which will allow air, liquid or any material to flow
freely inside the length of the panel. Such fluted panels are commercially available
from INTEPLAST GROUP, LTD of Livingston, New Jersey (sold under the name
of IntePro®, as advertises at http://www.worldpak.com) and COROPLAST, INC. of
Dallas, Texas (sold under the name of Coroplast™, as advertises at
http://www.coroplast.com). These companies manufacture thermoplastic panels in

various sizes and thickness, ranging from 2 mm to 13 mm, with the skin thickness
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ranging from 6.5 mil to 36 mil and the flute thickness ranging from 6.5 mil to 29
mil. These panels, however, come with open ends (at four sides for square or
rectangular shape), which limit their use.

The problem with open ends is that they allow dirt and water to collect
inside. Moreover, the open edges can be sharp, making it unsuitable for consumer
use, as the sharp edges can catch and scratch skin and clothing. Further, the open
edges can be unsightly, making it esthetically undesirable. Thus, it would be
desirable to close the open ends. Indeed, properly closing and sealing the ends and
making them more esthetically appealing would greatly extend the use of such
panels. The insulating and inert (non-reactive) properties of sealed thermoplastic
panels are highly desirable qualities. Because the extruded polypropylene is highly
non-reactive, it is qualified for medical use, which makes the panels an excellent
candidate for food, pharmaceutical, medical storage, and packaging applications.
Presently these thermoplastic panels have limited uses, as there is not an economical
solution for sealing and finishing the edges. Other markets that could benefit from
the fluted panels if the edges are sealed are, for example, storage, cabinetry,
casework, and furniture industries.

Currently there are two methods of finishing or sealing the ends of extruded
plastic materials. The first finishing method is covering the open ends with either
an unlike or like material. This first method involves fitting the panels in U-shaped
channels. An example of this is the current method for finishing skylights and
divider panels, where the open ends are capped with U-shaped channels of like
material. This method is labor intensive and may need to rely on bonding agents to
securely attach the channels. The bonding alternative is not only expensive, it
requires a long curing period, and the result is not all that esthetically pleasing.

The second method involves heating and stamping the flat sheets at the
portion of the skins that overlap with a die to press and fuse them together. This
method seals the edges together very well. But the tooling required to make the die
is very expensive and limited to a single shape. This method makes shorter
productions unpractical. This method is also not suited for producing esthetically

pleasing ends for consumer products because the resulting ends are fairly sharp,
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which can scratch skin and clothing.
Accordingly, there is a need for an economical solution for producing an
esthetically pleasing end in the current fluted panels. The present invention

addresses this need.

SUMMARY

The present invention relates to a method and an apparatus for closing an
open end of a product, and the product formed thereby. The product, which can be
a panel, such as a fluted thermoplastic panel, including those made of
polypropylene, polyethylene, polycarbonate, etc., has a first layer with a first end
and a second layer with a second end. The first layer is spaced apart from the
second layer and the first and second ends define an open end of the product. The
first and second layers are heat sealable, weldable, or fusable.

The method comprises the step of rolling at least the first layer toward the
second layer and contacting the first layer with the second layer, and fusing the first
and second layers by heating at least one of a portion of the first layer that contacts
the second layer and a portion of the second layer that contacts the first layer. The
rolling step can include overlapping the first layer over the second layer or
contacting an edge of the first layer to an edge of the second layer.

The rolling step also can include rolling both the first and second layers so
that edges of the first and second layers contact each other, or the edges can be
made to abut each other, or so that the first layer overlaps and contacts the second
layer.

The fusing step can include heating both portions of the first and second
layers that contact each other, and both portions can be simultaneously heated.

The present method also can include a step of trimming at least the second
layer so that the first layer extends beyond the second layer to form a tab. The tab
can be dimensioned to overlap the second layer. The first and second layers can
also be trimmed so that the first and second layers extend substantially equally.

The present method also can include a step of pressing and cooling the fused

layers.
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The apparatus can include a pair of first and second guides, and a heater.
The first and second guides can be configured to contact and guide at least the first
layer and cause the first layer to contact the second layer, while one of the first and
second guides and the product is moved relative to the other of the first and second
guides and the product. The heater can heat one or both of the guides to heat and
melt at least one of a contact portion of the first layer that contacts the second layer
and a contact portion of the second layer that contacts the first layer, so that the
contact portions fuse upon contact.

In one embodiment, the first and second guides can be configured to contact
and guide the first layer to cause the first layer to overlap the second layer. In this
respect, the heater can be configured to heat only the first guide, and the first guide
can be configured to simultaneously heat both contact portions of the first and
second layers that are fused. The first guide can comprise a body having a first
guide surface and a second guide surface. The first guide surface can be configured
to contact the contact portion of the first layer and the second guide surface
configured to contact the contact portion of the second layer.

The second guide can be positioned adjacent to the first guide surface. The
second guide can have a complementary guide surface that is configured
complementary to the first guide surface. The first guide surface and the
complementary guide surface can be configured to sandwich the contact portion of
the first layer.

In another embodiment, the first and second guides can be configured to
contact and guide the first layer to cause an edge of the first layer to contact an edge
of the second layer.

In another embodiment, both the first and second guides can be configured
to contact and guide both the first and second layers to cause edges of the first and
second layers to contact each other. The edges can be made to abut each other or
slightly overlap. In this respect, the first guide can be configured to simultaneously
heat both contact portions of the first and second layers. The heater can be
configured to heat only the first guide to a temperature sufficient to melt the both

contact portions. The second guide also can be configured to contact an outer side
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of the second layer and guide only the second layer.

In yet another embodiment, the first and second guides can be configured to
contact and guide both the first and second layers to cause the first layer to overlap
and contact the second layer. Here, the first guide can be configured to contact and
simultaneously heat both contact portions of the first and second layers, and the
heater can be configured to heat only the first guide to a temperature sufficient to
melt the both contact portions.

The second guide can be configured to contact an outer side of the first layer
and guide only the first layer. The second guide also can be configured
complementary to the first guide surface so that the first and second guides
sandwich the first layer.

The present apparatus can further include a pressing and cooling stage for at

least cooling a fused seam.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention
will become more apparent from the following description, appended claims, and
accompanying exemplary embodiments shown in the drawings, which are briefly
described below.

Fig. 1 schematically illustrates a side profile of a typical fluted panel, with
the upper layer trimmed so that its open end can be closed according to the present
invention.

Fig. 1A schematically illustrates a side profile of the fluted panel similar to
Fig. 1, but with the upper skin edge bonded or fused to a tab formed by the lower
layer.

Fig. 2 schematically illustrates a side profile of the fluted panel of Fig. 1,
with the tab partially bent or folded toward the upper layer.

Fig. 3 schematically illustrates a side profile of the fluted panel of Fig. 1,
with the tab fully folded toward the upper layer.

Fig. 4 schematically illustrates a side profile of the fluted panel of Fig. 1,
with the tab further folded downwardly toward the upper layer with a overlapping
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and fusing stage (shown in phantom).

Fig. 5 schematically illustrates a side profile of the fluted panel of Fig. 1,
with the tab almost fully folded over the upper layer.

Fig. 6 schematically illustrates a side profile of the fluted panel of Fig. 1,
with the tab fully folded over and fused to the upper skin.

Fig. 7 schematically illustrates a bending stage for bending or folding the tab
to the position shown in Fig. 3.

Fig. 8 schematically illustrates a fusing stage for rolling and fusing the tab
on the upper skin and a pressing/cooling stage for cooling the fused tab while
pressing it flat.

Fig. 9 schematically illustrates an apparatus incorporating the
bending/fusing/pressing/cooling stages of Figs. 7 and 8 for closing an open end of a
panel.

Fig. 10 schematically illustrates a side profile of the fluted panel similar to
Fig. 1, but trimmed to have equal length tabs.

Fig. 10A schematically illustrates a side profile of the fluted panel of Fig. 10,
with a fusing stage just before it contacts and guides the tabs.

Fig. 10B schematically illustrates a side profile of the fluted panel of Fig. 10,
with the fusing stage at a different position, where it guides the tabs so that they are
in an overlapping configuration.

Fig. 10C schematically illustrates a side profile of the fluted panel of Fig. 10,
with a pressing/cooling stage for cooling the fused tabs while they are maintained in
a desired end configuration.

Fig. 11 schematically illustrates a side profile of the finished fluted panel of
Fig. 10 with the tabs overlapped and fused together.

Fig. 12A schematically illustrates a side profile of the fluted panel similar to
Fig. 10, but with shorter equal length tabs for a butt (edge) or slight edge overlap
fusing, and a fusing stage just before it contacts and guides the tabs.

Fig. 12B schematically illustrates a side profile of the fluted panel of Fig.
12A, with the fusing stage at a different position, where it guides the tabs so that

their edges are in an abutting or slightly overlapped configuration.
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Fig. 12C schematically illustrates a side profile of the fluted panel of Fig.
12A, with a pressing/cooling stage for cooling the end fused tabs while they are

maintained in a desired end configuration.

DETAILED DESCRIPTION

Although the present description refers to directions in describing the
drawings, they are made relative to the drawings as normally viewed. The
directions, such as upper, lower, etc., and the identifiers, such as first, second, etc.,
are not intended to be taken literally or limit the present invention in any form.
Such directions are used here merely for convenience of description in relation to
the drawings, and such identifiers are used here solely to keep track of different
elements having similar names.

The present method and apparatus are designed to close an open end of a
product, which has a pair of spaced layers 2, 3 having ends that are open or free,
i.e., open end. The present method and apparatus can be used with any product that
has an open end formed by relatively thin members and are heat sealable, fusable,
or weldable. One example of such a product is the fluted panel having the
configuration disclosed in the Background.

Referring to Figs. 1, 10, and 12A, such a panel 1 typically comprises a pair
of upper and lower spaced apart layer or skin 2, 3. A plurality of longitudinally
extending ribs or flutes 4 interconnect or join the upper and lower layers 2, 3 and
form a plurality of longitudinally extending interior passageways 5. The panel 1
can have a precut or indefinite length, which can be defined as running parallel to
the flutes 4 or passageways 5. The width ¥ of the panel 1 can be defined here as
the distance running perpendicular to the flutes 4 or passageways 5. The width can
also run indefinitely or be precut. The panel 1 has at least one open end 7 running
along its length or width — it does not matter which the width or length rungs as the
present invention is applicable to closing any open end. The commercially sold
IntePro” and Coroplast™ panels discussed above have four open ends running

along both edges of its length and width, and are made of either polypropylene or
polyethylene.
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Although the present invention is applicable to close and finish any product
that can be heat fused, as mentioned above, for purposes of describing the present
invention, the IntePro® and Coroplast™ panels have been selected and
schematically illustrated in Figs. 1-6, 10-10C, and 12A-12C.

One aspect of the present invention is an apparatus 100 for closing an open
end of a product, such as a fluted panel 1. The apparatus 100 can include a bending
stage 10 and a fusing stage 20. In alternative embodiments, the apparatus 100 can
omit the bending stage 10 and include a rolling/fusing stage 60, 80. These
apparatuses can further include a pressing/cooling stage 50, 70, 90. They can
further include a trimming stage (not illustrated) positioned at a leading end side
(relative to the panel 1) of the bending stage 10 or the rolling/fusing stage 60, 80 for
preparing the open end 7 of the panel 1. All of these stages can be integrated on a
platform or the like so that the entire apparatus 100 can be moved relative to the
panel 1. In this respect, the apparatus 100 can be movably and rotatably positioned
on a track (not illustrated) relative to the panel 1. The panel 1 can be positioned in a
fixed position with a vacuum device or clamp, or the like, on a support, or be
conveyed. The apparatus 100 can be maintained at a fixed position, while the panel
1 is conveyed or moved using a conventional conveying system, while the panel 1 is
maintained in alignment with the apparatus 100, and vice-versa.

Another aspect of the present invention is a method of closing an edge of a
product, such as the panel 1. The method can include a step of rolling at least one
of the upper and lower layers toward the other layer so that they contact and fuse
them together by heating. Fusing can take place at their edges (butt fusing) as
illustrated in Figs. 12A-12C, at their slightly overlapped edges (not illustrated), or at
the overlapped portions as illustrated in Figs. 1-6 and 10-10C. In this respect, at
least a portion of the one layer that abuts, contacts, or overlaps the other layer and a
portion of the other layer abutting, contacting, or being overlapped with the one
layer can be heated. Preferably, both abutting, contacting, or overlapping portions
can be heated to allow easier fusing or bonding.

Referring to Fig. 1, the method can further include the step of preparing at

least one layer so that one of the upper and lower layers 2, 3 extends beyond the
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other by a predetermined length. This can be accomplished by machining or
trimming one or both ends of the upper and lower layers so that the one layer
extends beyond the other layer to form a tab 6, as illustrated in Fig. 1.
Alternatively, one of the layers 2, 3 can be pressed and heat fused to the other layer
to form a tab 6, as illustrated in Fig. 1A.

In either embodiments, only one layer can be trimmed, cut, or machined as
needed. Moreover, if needed, one or more flutes 4 can be removed, such as by
cutting, trimming, or machining, to form a tab 6 of sufficient dimension in the one
layer. Indeed, trimming an end running along the width direction requires removal
of flutes 4, as well as trimming the end of at least one of the upper and lower layers
2,3.

In any event, the tab 6 can be dimension so that it overlaps an edge portion x
of the other layer. In the embodiment of Figs. 1-6, the lower layer 3 is illustrated as
having the tab. Referring to Figs. 3 and 6, the overlapping portion y of the tab 6 has
a predetermined length / that overlaps the overlapped portion x of the upper layer 2.
The overlapped portion x has a width w that is substantially equal to the length /.

The edge preparing step can be achieved with the trimming stage, which can
comprise any conventional machine, such as a knife, rotating blade, saw, router. etc.
(not shown), suitable for trimming either or both the upper and lower layers 2, 3, as
well as any flutes 4 provided therewith. For instance, the trimming stage can be
configured to simultaneously cut the upper and lower layers 2, 3 to provide smooth
and even edges. Then, on a second pass, the trimming stage can trim the upper
layer 2, along with any flutes 4 necessary to form the tab 6 on the lower layer 3
having a sufficient length to overlap the upper layer 2, or vice-versa. The trimming
stage can move relative to a stationary panel 1 or vice versa, or both can move
relative to each other during the trimming step.

Referring to Figs. 2, 3, and 7, the rolling step can further include a step of
pre-rolling or bending the tab 6 toward the upper layer 2. Here, the tab 6 is bent or
rolled so that the overlapping portion y is adjacent to and extending substantially
perpendicularly to the overlapped portion x. The tab 6 can be heated to make it
pliable before it is rolled. This is particularly important when the layer is thicker.
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Referring to Figs. 7 and 9, the bending step can be achieved with the
bending stage 10. The bending stage 10 can comprise first, second, and third
sections 12a, 12b, and 12c. The first section 12a has a first upright surface that is
positioned substantially perpendicular to the tab 6. The second section 12b has a
guide surface that is contoured or arcuated to guide and roll the tab 6 toward the
upper layer while either the panel 1 or the apparatus 100 is moved relative to the
other. In this respect, the guide surface of the second section 12b moves closer
toward the upper layer as the panel 1 is moved in the traveling or downstream
direction T. The third section 12¢ has a second upright surface that is configured to
maintain the tab 6 in the upright position shown in Fig. 3. In this respect, the
second upright surface abuts the outer side of the tab 6.

In the illustrated embodiment, the panel 1 is moved relative to the stationary
apparatus 100 in the direction T, as illustrated in Fig. 7. The present invention also
encompasses, moving the apparatus 100 relative to the panel 1 instead, or even
moving both.

To more easily roll or bend the tab 6, the bending stage 10 can include a
heater 14 configured to heat at least the first section 12a. The heater 14 can be
configured to heat the tab 6 from its underside/outerside or innerside (the upwardly
facing side in Fig. 7) or both, while the apparatus 100 or the panel 1 moves relative
to the other. The heater 14 also can be configured to heat the entire length of the
bending stage 10, to keep the tab 6 in a pliable condition. The heater 14 can be any
conventional temperature controlled heater that generates sufficient heat to make
the tab 6 pliable. For instance, polypropylene melts at 324 F. The heater,
depending on the thickness and the relative speed to which the tab 6 moves relative
to the heater, should have a capability of heating higher than 324 F. The key is to
transfer sufficient amount of heat while the panel 1 or the apparatus 100 is moving
relative to the other so that the tab 6 becomes pliable, but not to hot as to melt or
make the tab 6 too soft to hold its shape.

The rolling step can further include overlapping the tab 6 onto the upper
layer 2. In this regard, at least one of the overlapping and overlapped portion y, x

can be heated. Preferably, to achieve good seal and bond, both bonding or fusing

10
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surfaces, namely the overlapping portion y of the tab 6 and the overlapped portion x
of the other layer, can be heated simultaneously. This allows the overlapping
portion y to instantaneously fuse with the overlapped portion x upon contact, with a
minimal pressure. This advantageously fuses without crushing or collapsing the
upper and lower layers 2, 3, and allows formation of contoured or rounded fused
area.

Referring to Figs. 8 and 9, the fusing step can be achieved with the fusing
stage 20. The fusing stage 20 can include a heated body or shoe 22 having first and
second guide surfaces 24, 26. The second guide surface 26 is positioned
substantially opposite the first guide surface 24. The first guide surface 24 is
contoured to contact and heat the contact side of the overlapping portion y of the tab
6, while the second guide surface 26 is configured to contact and heat the contacting
side of the overlapped portion x of the upper layer 2. In this respect, the shoe 22 has
or carries a temperature controlled heater or heating element 28 (with a controller C
) for heating the shoe 22. The second upright surface of the third section 12a can
extend continuously into the fusing stage 20 so it abuts against the outer side of the
tab 6 and keep the tab 6 at a substantially right angle with respect to the upper layer.
In this respect, the tab 6 can be continuously heated throughout the bending and
fusing stages 10, 20. Indeed, continuously heating the tab 6 keeps the tab hot and
pliable so that less heating time is needed in the fusing stage, which requires heating
to a higher temperature to melt the areas to be fused.

The fusing stage 20 can further include a complementary guide 40 for
guiding the overlapping portion y of the tab 26 over the first guide surface 24. The
guide 40 extends laterally outwardly and downwardly from the second upright
surface of the third section 12c, adjacent to the first guide surface 24 of the shoe 22.
The guide 40 and the second upright surface of the third section 12¢ surround the
outer side of the tab 6. The guide 40 has a complementary surface 42 opposite the
first guide surface 24 that is substantially complementary to and positioned
hovering over the first guide surface 24. The guide 40 works much like a binder
attachment on a sewing machine. That is, the guide surfaces 24, 42 pinch or

sandwich the overlapping portion y of the tab 6 therebetween, between the heel
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portion (upstream) 22h and the toe portion (downstream) 22t of the shoe 22. The
complementary surface 42 is configured to guide the overlapping portion y over the
overlapped portion x so that the overlapping portion y contacts and fuses to the
overlapped portion x as the tab 6 emerges from the toe section 22t (while one of the
apparatus 100 and the panel 1 is moved relative to the other). In other words, the
guide 40 wraps the overlapping portion y of the tab over onto the top of the toe
portion 22t as the panel 1 moves relative to the guide 40 to position the overlapping
portion y to the positions shown in Figs. 4-5.

The second guide surface 26 of the shoe 22 heats the contacting side of the
overlapped portion x of the upper skin 2 while the first guide surface 24
simultaneously heats the contacting side of the overlapping portion y. As the heated
tab 6 slides off the toe portion 22t of the shoe 22, the guide surface 42 puts a slight
pressure to the top of the overlapping portion y to allow the melted surfaces to fuse,
as shown in Fig. 6. The fusing occurs immediately downstream of the toe portion
22t.

As an example, the shoe 22 can be heated to 425° F, which is greater than
the melting point of polyethylene or polypropylene, while one of the panel 1 and the
apparatus 100 is removed relative to the other at 10 ft/min, for a tab having a
thickness of between 6.5 to 10 mil, to achieve a good weld. The temperature of the
shoe 22 to be maintained depends on the speed at which the panel 1 moves relative
to the shoe 22, the thickness of the layers to be fused, and the particular material of
the layers to be fused. The faster the panel 1 is moved relative to the shoe 22, the
higher the temperature of the shoe 22 need to be, and vice-versa, required to melt
the surfaces to be fused. Moreover, the thicker the layers to be fused, the higher the
temperature of the shoe 22 needs to be, and vice-versa. The particular temperature
setting and the speed to which the panel 1 is moved relative to the apparatus 100 is
well within the ambit of an ordinary artisan, given the present disclosure.

Moreover, the heating surfaces, namely the first and second guide surfaces 24, 26
preferably have a non-stick coating, such as Teflon or the like, or any other
conventional material having such properties.

The method can further include a step of applying pressure to and cooling

12
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the fused tab 6. Applying pressure flattens any wrinkles and assures good weld.
Cooling assures that the weld does not become separated to maintain a good seal.
This step can be achieved with a pressing/cooling stage 50. The pressing/cooling
stage 50 is positioned immediately upstream of the fusing stage 20, adjacent to the
foot portion 22t of the shoe 22. The pressing/cooling stage 50 has a guide surface
52 configured to contact and depress the outer side of the fused tab 6 to ensure that
fused tab 6 stays fused. Moreover, the device 50 can further include a cooling
device, such as a fan, a Peltier device, or water or air-cooled heat sink for rapidly
dissipating heat.

According to another aspect of the present invention, the method can include
rolling, folding, or moving both the upper and lower layers toward one another so
that one of the upper and lower layers overlaps the other, while heating at least one
of the upper and lower layers. After heating, the layers are further rolled, folded, or
moved so that they contact and fuse, as shown in Figs. 10-11.

In this alternative embodiment, although only one surface need be heated,
preferably, both of the contacting surfaces can be heated so that they fuse
instantaneously upon contact with a minimal pressure. Here, the edge preparing
step can be achieved with the same trimming stage described above. The trimming
stage can be configured to simultaneously cut the upper and lower layers 2, 3 to
provide equal length tabs 6a, 6b. The rolling/fusing steps can be achieved with a
fusing stage 60, which can include a pair of first and second guides 62, 64
positioned parallel to the tabs 6a, 6b, as shown in Fig. 10A (which is the initial
stage, just before the guides starts to bend or roll the tabs). The fusing stage 60 is
shown with two heaters H1, H2 associated with the first and second guides 62, 64,
respectively, although only one heater is needed. These heaters H1, H2 have an
associated controller C for independently controlling the heaters.

The guides 62, 64 guide and configure the tabs 6a, 6b as illustrated in Fig.
10B (which is at near the end of the fusing stage). In this configuration, one of the
first and second guides 62, 64 are positioned inwardly of the other. Only the
inwardly positioned guide (62 as illustrated) needs to be heated to a temperature

sufficient to melt the tabs 6a, 6b since it advantageously contacts both fusing
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surfaces of the tabs 6a, 6b. The outwardly positioned guide 64 need only be heated
to allow the respective tab 6b to become sufficiently pliable. It is possible to do
without the second heater H2 for the outwardly positioned tab, depending on the
thickness of the tab 6b.

The apparatus can further include a pressing/cooling stage 70, which
includes a guide surface 72 contoured to be complementary to the shape
(substantially hemispherical as illustrated in Figs. 10C and 11) of the finished end
for pressing and cooling the fused tabs.

According to yet another aspect of the present invention, the method can
include rolling, folding, or moving at least one of the upper and lower layers 2, 3
toward the other so that the upper and lower layers contact one another, while
heating at least one of the upper and lower layers. Here, either the edges abuttingly
contact each other to form a butt joint or the edges can be slightly overlappingly
joined. Depending on the desired end shape, both the upper and lower layers 2, 3,
can be rolled, folded, or moved toward one another so that the upper and lower
layers contact one another, as illustrated in Figs. 12A-12C. Again, the fusing can be
butt type or slightly overlapping type.

Here, the edge preparing step can be achieved with the same trimming stage
described above. The trimming stage can be configured to simultaneously cut the
upper and lower layers 2, 3 to provide equal length tabs 6a, 6b, but dimensioned so
that the final configuration has only the edges abutting. The rolling/fusing steps can
be achieved with a using stage 80, which can include a pair of first and second
guides 82, 84 positioned parallel to the tabs 6a, 6b, as shown in Fig. 12A (which is
the initial stage, just before the guides starts to bend or roll the tabs), similar to Fig.
10A. The fusing stage 80 is also shown with two heaters H1, H2 associated with
the first and second guides 82, 84, respectively, although only one heater is needed.
These heaters H1, H2 have an associated controller C for independently controlling
the heaters.

The guides 82, 84 guide and configure the tabs 6a, 6b as illustrated in Fig.
12B (which is at near the end of the fusing stage). In this configuration, one of the

first and second guides 82, 84 are positioned to wrap around beyond the seam, as
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illustrated in Fig. 12B. In this configuration, only that guide (82 as illustrated)
needs to be heated sufficient to melt the abutting edges. The other guide 84 need
only be heated to allow the respective tab 6b to become sufficiently pliable. It is
possible to do without the second heater H2, depending on the thickness of the tab
6b.

The apparatus can further include a pressing/cooling stage 90, which
includes a guide surface 92 contoured to be complementary to the shape
(substantially hemispherical as illustrated in Figs. 12C) of the finished end for
pressing and cooling the fused tabs.

The fusing step and stage has been disclosed in terms of heating the tab 6
and the first skin 2. In this regard, there are many ways of apply heat: an electrical
heating element and ultrasonic welding, for example. The electrical heating
element is universally available, which includes a resistance element that heats up
when current flows through it. The ultrasonic welding generates heat with
vibration.

This method and apparatus according to the present invention can be used to
finish the ends so that it is esthetically pleasing, inconspicuous, and results in a
smooth rounded edge much like as if a bullnose were fabricated out of a solid
material. The economics of the present method and apparatus are excellent as the
edges can be finished quickly in a continuous process and the equipment is very
inexpensive and universal. Moreover, the ends need not be adapted to any specific

shapes.
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I Claim:
1. A method of closing an open end of a product having a first layer with a first
end and a second layer with a second end, the first layer being spaced apart from the
second layer, the first and second ends defining an open end of the product, the first
and second layers being heat weldable or fusable, the method comprising steps of:
rolling at least the first layer toward the second layer and contacting the first
layer with the second layer;
fusing the first and second layers by heating at least one of a portion of the
first layer that contacts the second layer and a portion of the second layer that

contacts the first layer.

2. A method according to claim 1, wherein the rolling step includes

overlapping the first layer over the second layer.

3. A method according to claim 1, wherein the rolling step includes contacting

an edge of the first layer to an edge of the second layer.

4. A method according to claim 1, wherein the rolling step includes rolling both

the first and second layers so that edges of the first and second layers contact each

other.
5. A method according to claim 4, wherein the edges abut each other.
6. A method according to claim 1, wherein the rolling step includes rolling both

the first and second layers so that the first layer overlaps and contacts the second

layer.

7. A method according to claim 1, wherein the fusing step includes heating

both portions of the first and second layers that contact each other.
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8. A method according to claim 7, wherein the both portions are

simultaneously heated.

9. A method according to claim 2, further including a step of trimming at least
the second layer so that the first layer extends beyond the second layer to form a

tab, the tab being dimensioned to overlap the second layer.

10. A method according to claim 4, further including a step of trimming the first

and second layers so that the first and second layers extend substantially equally.

11. A method according to claim 6, further including a step of trimming the first

and second layers so that the first and second layers extend substantially equally.

12. A method according to claim 1, further including a step of pressing and

cooling the fused layers.

13. A method according to claim 1, wherein the product comprises a fluted

thermoplastic panel.

14. A method according to claim 13, wherein the thermoplastic material is one

of polypropylene, polyethylene, and polycarbonate.

15.  The panel produced according to the method of claim 13.

16.  An apparatus for closing an open end of a product having a first layer with a
first end and a second layer having a second end, the first layer being spaced apart
from the second layer, the first and second ends defining an open end of the
product, the first and second layers being heat weldable or fusable, the apparatus
comprising:

a pair of first and second guides configured to contact and guide at least the

first layer and cause the first layer to contact the second layer while one of the first
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and second guides and the product is moved relative to the other of the first and
second guides and the product;

a heater for heating at least one of the guides to heat and melt at least one of
a contact portion of the first layer that contacts the second layer and a contact
portion of the second layer that contacts the first layer, so that the contact portions

fuse upon contact.

17.  An apparatus according to claim 16, wherein the first and second guides are
configured to contact and guide the first layer to cause the first layer to overlap the

second layer.

18.  An apparatus according to claim 16, wherein the first and second guides are
configured to contact and guide the first layer to cause an edge of the first layer to

contact an edge of the second layer.

19.  An apparatus according to claim 16, wherein the first and second guides are
configured to contact and guide both the first and second layers to cause edges of

the first and second layers to contact each other.

20.  An apparatus according to claim 19, wherein the edges abut each other.

21.  An apparatus according to claim 16, wherein the first and second guides are
configured to contact and guide both the first and second layers to cause the first
layer to overlap and contact the second layer.

22.  An apparatus according to claim 17, wherein the heater heats only the first

guide, the first guide being configured to simultaneously heat both contact portions

of the first and second layers that are fused.

23.  An apparatus according to claim 22, wherein the first guide comprises a

body having a first guide surface and a second guide surface, the first guide surface
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being configured to contact the contact portion of the first layer and the second

guide surface being configured to contact the contact portion of the second layer.

24.  An apparatus according to claim 23, wherein the second guide is positioned
adjacent to the first guide surface, the second guide having a complementary guide
surface that is configured complementary to the first guide surface, the first guide
surface and the complementary guide surface being configured to sandwich the

contact portion of the first layer.

25.  An apparatus according to claim 19, wherein the first guide is configured to
simultaneously heat both contact portions of the first and second layers, and
wherein the heater heats only the first guide to a temperature sufficient to melt the

both contact portions.

26.  An apparatus according to claim 22, wherein the second guide is configured

to contact an outer side of the second layer and guide only the second layer.

27.  An apparatus according to claim 21, wherein the first guide is configured to
contact and simultaneously heat both contact portions of the first and second layers,
and wherein the heater heats only the first guide to a temperature sufficient to melt

the both contact portions.

28.  An apparatus according to claim 27, wherein the second guide is configured

to contact an outer side of the first layer and guide only the first layer.
29.  An apparatus according to claim 28, wherein the second guide is configured
complementary to the first guide surface so that the first and second guides

sandwich the first layer.

30.  An apparatus according to claim 16, further including a pressing and cooling

stage for at least cooling a fused seam.

19



WO 01/56780

PCT/US01/03262

FIG. 1

FIG. 1A

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6



0000000000




WO 01/56780

Ol

PCT/US01/03262




PCT/US01/03262
4 /6

WO 01/56780

LL "OId 0l "Oid
T R
L1
57 _ vg J _
«\\ i ’ //
6 9Old
H/. 1
ﬁ e I 7 NI

05



WO 01/56780 5 /6 PCT/US01/03262

|
o
o
(@]

5 6a
FIG. 10B L
. “« \_
1 70 H2
~ . [
\ [
8 L4 N
5 72
FIG. 10C \




WO 01/56780 6/ 6 PCT/US01/03262

4
FIG. 12A [~

FIG. 12C

J 6b
3



INTERNATIONAL SEARCH REPORT International application No.
PCT/US01/03262

A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) :B32B 03/04, 31/00
US CL  :156/202, 479
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

US. © 156/202. 204, 211, 216, 227, 258. 479, 486. 544

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable. search terms used)

C.  DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 3,785,908 A (WAGERS et al.) 15 January 1974, entire patent. | 1-30
Y US 3,031,356 A (BOUSQUET et al.) 24 April 1962, entire patent| 1-30
and figure 1.
Y US 3,788,920 A (FRAPPIER et al.) 29 January 1974, entire patent. | 1-30
Y US 4,539,065 A (SCHMITT) 03 September 1985, entire patent. 16-30
Y US 5,091,038 A (GRELLER et al.) 25 February 1992, entire patent. | 16-30

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: T fater document published after the international filing date or priority
. o . date and not 1n conflict with the application but cited to understand the
"AY document defining the general state of the art which is not considered principle or theory underlying the invention

to be of particular relevance

. . . “X" document of particular relevance; the claimed invention cannot be
"E" 2 sume hed on or after the international filing date : . .
E earlier document publist ¢ & considered novel or cannot be considered to involve an nventive step
"Lt document which may throw doubts on priority claim(s) or which is when the document is taken alone

cited to establish the publication date of another citation or other

special reason (as specified) "y document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document 1s
"o document referring to an oral disclosure, use. exhibition or other means combined with one or more other such documents. such combination
. being obvious to a person skilled in the art
"p" document published prior to the international filing date but fater than
the prionty date claimed t& document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
03 APRIL 2001 2 6APR2001
Name and mailing address of the ISA/US Authorized officer ~
N - k N
gng&séloner of Patents and Trademarks VICHAEL BALL Jean Proctor }
Washington, D.C. 20231 ’ - Paralegal Specialitt
Facsimile No.  (703) 305-3230 Telephone No. (703) 308-0651

Form PCT/ISA/210 (second sheet) (July 1998)x



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

