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SYSTEMS FOR UNWINDING A ROLL OF THERMOPLASTIC MATERIAL
INTERLEAVED WITH A POROUS MATERIAL, AND RELATED METHODS

CROSS REFERENCE TO RELATED APPLICATION AND CLAIM OF PRIORITY
[1]  This application claims priority from U.S. Provisional Patent Application

61/752,220 filed 14 January 2013, and titled "APPARATUSES AND METHODS FOR A
VERTICAL ROLL UNINTERLEAVING SYSTEM".

BACKGROUND
[2] Solid-state foaming of a thermoplastic material is a process for generating a
microstructure in the material that includes many small bubbles or voids. The process
includes exposing the material to an atmosphere of a gas at an elevated pressure for a
period of time to infuse the gas into the material. After the material has absorbed
enough gas, the material is exposed to an atmosphere having less pressure, a.nd IS
heated, but not meited, to cause the gas in the material to nucleate bubbles. When the
bubbles have grown to a desired size, or when a specific amount of bubbles have
nucleated, the material is cooled. Because the material remains a solid (does not meit)

during the whole process, the material is foamed in the solid state.

[3] Because, it takes time for enough gas in the pressurized atmosphere to infuse
the thermoplastic material, the solid-state foaming process is typically done as a batch

process - that is, not as a continuous process. To maximize the amount of material that

can be processed during a single batch, the thermoplastic material is formed into a

sheet and wound onto a roll (10 in FIGS. 1A and 1 B). To promote gas infusion into all
layers of the roll 10, and thus reduce the period of time that the thermoplastic material is
exposed to the gas, a sheet of a gas-permeable material is interleaved between each
layer of the thermoplastic material in the roll 10. The gas-permeable material promotes

gas infusion throughout the whole, rolled-up thermoplastic material by keeping each of
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the layers of the roll 10 separated and by allowing easy passage of the gas throughout
the gas-permeable sheet’'s microstructure to expose all of the rolled-up thermoplastic

polymer material.

[4] Rolls of thermoplastic material interleaved with gas-permeable material are
typically large in diameter and weigh several hundred pounds. Because of their size
and weight, such rolls are often formed in a horizontal position as shown in FIG. 1A. In
the horizontal position, one can more securely support and maneuver the roll 10 by
holding onto the hub 12 because the weight of the roll 10 is supported at both ends 14a
and 14b of the hub 12.

[5] After the whole, rolled-up thermoplastic material has been infused with a desired
amount of gas, the thermoplastic material is then unwound from the roll and directed
through an oven to heat the material to cause the gas in the material to nucleate
bubbles. Unfortunately, unwinding the roll 10 in a horizontal position can cause
problems. When the roll 10 is unwound In the horizontal position, the thermoplastic
material can experience a fluctuation in tension. If the roll 10 becomes unbalanced,
then as the heavier region 18 travels up during the roll's rotation, one must exert more
force on the layer being pulled off the roll 10 to counter the heavier region’s resistance
to the roll’s rotation. And, as the heavier region 18 travels down during the roll's
rotation, one must exert less force on the layer being pulled off the roll 10 to counter the
heavier region 18 urging the roll 10 to rotate faster. This fluctuation in the tension of the
thermoplastic polymer material can cause the material to warp or fold as the material is

foamed.

SUMMARY

[6] In an aspect of the invention, an apparatus (un-interleaver) for unwinding a roll of
material interleaved with another material, and for separating the materials, includes a
first platform and a second platform. The first platform is configured to hold a roll of first
material interleaved with a second material such that a longitudinal axis of the roll is
vertical or substantially vertical, and to rotate to unwind the first and second materials
from the roll. The second platform is configured to hold a roll of the second material,

2
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and to rotate to wind the unwound second material onto the roll while the first platform
rotates to unwind the first and second materials. The apparatus also includes a
tension-sensor, an edge-sensor, and a controller. The tension-sensor generates a
signal that represents an amount of tension in the second material as the second
material travels from the first platform toward the second platform. The edge-sensor
generates a signal that represents the position of an edge of the second material as the
second material travels from the first platform toward the second platform. The
controller monitors the signal generated by the tension-sensor and the signal generated
by the edge-sensor. And, in response to the monitored signals, the controller:

a) causes the speed at which the second platform rotates to change to
maintain a predetermined tension in the second material as the second
material travels from the first platform toward the second platform, and

b) causes the second platform to move relative to the first platform to align
the edge of the second material traveling toward the roll of second

material with the edge of the second material in the roll.

[7] By unwinding, in a vertical position, the roll of the first material interleaved with
the second material, one can avoid fluctuations in tension in the first material as the first
material is directed toward subsequent processing, such as an oven where the first
material may be heated. And, by monitoring the tension in the second material
unwound from the roll, and in response, changing the rotational speed of the second
platform, one can change the rotational speed of the first platform without adversely
affecting the collection of the second material. The ability to change the speed of the
first platform allows one to increase and/or decrease tension in the unwound first
material, which may be caused by subsequent processing, to maintain a predetermined
tension in the unwound first material. In aadition, by monitoring the position of the
second material’'s edge as the unwound second material travels toward the roll of
second material held by the second platform, one can quickly and efficiently collect the
second material unwound from the roll of first material interleaved with the secona

material, and easlily re-use the second material.
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[8] In another aspect of the invention, an apparatus (turnbar) for changing the
orientation of a sheet of material as the material travels from a first location toward a
second location, includes a first roller, a second roller, and a turnbar-roller disposed
between the first roller and the second roller. The first roller is configured to support a
sheet of material in a first orientation as the material travels from a first location toward
a second location. The second roller is configured to support the sheet of material in a
second orientation, as the material travels toward the second location. And, the
turnbar-roller i1s configured to support the sheet of material in a third orientation that is
Intermediate to the first and second orientations, and is movable relative to the first
roller to maintain a predetermined tension in the sheet of material, as the material

travels toward the second location.

[9] By supporting the sheet of material in a third orientation that is intermediate to
the first and second orientations, one can more easily change the orientation of the
sheet to an orientation that is substantially different than the first orientation. For
example, one can change the orientation of a sheet from a vertical orientation, like that
found in the first material as the first material is unwound by the un-interleaver
apparatus, to a horizontal orientation. And, by moving the turnbar-roller relative to the
first roller, one can increase and/or decrease tension in the sheet of material to maintain
a predetermined tension in the sheet, as the material travels toward the second
location. By moving the turnbar-roller relative to the first roller, one can also use the
turnbar apparatus to change the orientation of different sheets, each having different
widths, without changing the location of each sheet’'s centerline. For example, one may
use the turnbar to change the orientation of a sheet whose width Is 51 inches and
whose centerline Is located In the middle of the second roller. Then, after that is
completed, one may move the turnbar-roller away from the first roller and use the
turnbar to change the orientation of a sheet whose width Is 24 inches and whose

centerline Is also located in the middle of the second roller.
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BRIEF DESCRIPTION OF THE FIGURES

[10] FIGS. 1A and 1B are views of a thermoplastic polymer roll interleaved with a

gas-permeable material oriented in a horizontal position.

[11] FIG. 2 is a perspective view of a system, according to an embodiment of the

Invention.

[12] FIG. 3 is a perspective view of an un-interleaver included in the system shown in

FIG. 2, according to an embodiment of the invention.

[13] FIGS. 4A and 4B are perspective, partial views of a tension-sensor included in
the un-interleaver shown in FIG. 3, according to an embodiment of the invention.

[14] FIG. 5 is another view of the un-interleaver shown in FIG. 3, according to an

embodiment of the invention.

[15] FIG. 6 Is a perspective view of a turnbar included In the system shown in FIG. 2,

according to an embodiment of the invention.

[16] FIG. 7 is a view of the turnbar shown in FIG. 6 with the turnbar’s turnbar-roller
located at a first position.

[17] FIG. 8 is a view of the turnbar shown in FIG. 6 with the turnbar’s turnbar-roller

located at a second position.

DETAILED DESCRIPTION

[18] FIG. 2 is a perspective view of a system 30, according to an embodiment of the
iInvention. The system 30 unwinds a roll 32 of material 34 (here a thermoplastic
material) interleaved with another material 36 (here a gas-permeable material),
separates the materials 34 and 36, and changes the orientation of a sheet of one of the
materials 34 as the material 34 travels downstream (indicated by arrows 38) for further
processing, such as heating in an oven. The system 30 includes an un-interleaver
apparatus 40 (discussed In greater detail in conjunction with FIGS. 3 — 5) for unwinding

the roll 32 in a vertical position (shown) and separating the materials 34 and 36. The
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material 34 is directed toward subsequent processing, and the material 36 Is collected

on a roll 42 for future use.

[19] By unwinding, in a vertical position, the roll 32 of the material 34 interleaved with
the material 36, one can avoid fluctuations in tension in the material 34 (here the
thermoplastic material) as the material 34 is directed toward subsequent processing,
such as an oven where the material 34 may be heated. This helps prevent physical
damage to the material 34, which often adversely affects subsequent processing of the
material 34 and/or the product (not shown) produced by the subsequent processing.
Avoiding fluctuations In tension in the material 34 also allows one to more easily
maintain a predetermined tension, which may be zero tension, in the material 34 as the

material 34 travels toward subsequent processing and Is subsequently processed.

[20] The system 30 also includes a turnbar apparatus 44 (discussed in greater detall
iIn conjunction with FIGS. 6 — 8) for changing the orientation of a sheet of one of the
materials 34 from a first orientation (here vertical) to a second orientation (here
horizontal) by supporting the sheet of material 34 in a third orientation (here halfway
between vertical and horizontal) that i1s intermediate to the first and second orientations.
To support the sheet of material 34 in the third orientation, the turnbar apparatus 44
Includes a turnbar-roller 46 that is moveable In the directions indicated by the

two-headed arrow 48.

[21] By supporting the sheet of material 34 in a third orientation that is intermediate to
the first and second orientations, one can more easily change the orientation of the
sheet to an orientation that is substantially different than the first orientation. For
example, one can change the orientation of a sheet from a vertical orientation, like that
found In the material 34 as the material 34 is unwound by the un-interleaver apparatus
40, to a horizontal orientation. And, by moving the turnbar-roller 46 in one of the
directions indicated by the arrow 48, one can increase and/or decrease tension in the
sheet of material 34 to maintain a predetermined tension in the sheet, as the material 34
travels toward subsequent processing. By moving the turnbar-roller, one can also use
the turnbar apparatus 44 to change the orientation of different sheets, each having
different widths, without changing the location of each sheet’s centerline (discussed In

greater detail in conjunction with FIGS. 6 — 8).

0



[22] Still referring to FIG. 2, the material 34 may be any desired material. For
example, the material 34 may be a thermoplastic material that includes polyethylene
terephthalate (PET). Additionally or alternatively the thermoplastic material may include
one or more of the following: polystyrene, polycarbonate, acrylonitrile-butadiene-
styrene, glycol modified PET, polyethylene, polypropylene, NORYL™ (a blend of
polyphenylene oxide and polystyrene), polyvinyl chloride, and crystallizable polyethylene
terephthalate (CPET). |

[23] Similarly, the material 36 may be any desired material. For example, the material
36 may be a gas-permeable material that allows gas to easily flow through its
microstructure. Examples of such a material include a conventional cellulose, a plastic
having an open-cell microstructure, a nonwoven synthetic material, and a high-loft
textile.

[24] FIG. 3 is a perspective view of the un-interleaver apparatus 40 shown in FIG. 2,
according to an embodiment of the invention. The un-interleaver apparatus 40 unwinds
a vertically positioned roll (32 in FIG. 2) of material interleaved with another material,

and separates the materials (34 and 36 in FIG. 2).

[25] In this and other embodiments, the un-interleaver apparatus 40 includes a first
platform 52 and a second platform 54. The first platform 52 is configured to hold the roll
32 of material 34 interleaved with material 36 such that a longitudinal axis (not shown)
of the roll 32 is vertical or substantially vertical, and to rotate to unwind the materials 34
and 36 from the roll 32. The second platform 54 is configured to hold the roll 42 of
material 36, and to rotate to wind the unwound material 36 onto the roll 42 as the
material 36 is unwound from the roll 32. The un-interleaver apparatus 40 also includes a

tension-sensor 56, an edge-sensor 58, and a controller 60. Although the controlier 60 is

shown away from the uninterleaver apparatus’' frame 62 and coupled with a cable 61 to

the platforms 52 and 54, the tension-sensor 56 and the edge-sensor 58, the controller

60 may also be located within the frame 62, if desired. The tension-sensor 56 generates
a signal that represents an amount of tension in the material 36 as the material 36

travels from the first platform 52 toward the second platform 54. The edge-sensor 58
generates a signal that represents the position of an edge of the material 36 as the

material 36 travels from the first platform 52 toward the second

CA 2897837 2019-01-03
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platform 54. The controller 60 monitors the signals generated by the tension-sensor 56

and the edge-sensor 58. And, in response to the monitored signals, the controller 60:

a) causes the rotational speed of the second platform 54 to change to
maintain a predetermined tension in the material 36 as the material 36

travels from the first platform 52 toward the second platform, and

pb) causes the second platform 54 to move relative to the first platform 52 in
the directions indicated by the two-headed arrow 64 to align the edge of
the material 36 traveling toward the roll 42 with the edge of the material 36
in the roll 42.

[26] Still referring to FIG. 3, the first platform 52 may hold the roll 32 in any desired
position to minimize fluctuations in tension in the material 34 as the material iIs unwound
from the roll 32. For example, in this and other embodiments, the first platform 52 holds
the roll 32 In the vertical position. In other embodiments, the first platform 52 may hold
the roll 32 in a substantially vertical position, or even in a canted position. Such a
canted or off-vertical position may be wanted to provide a desired effect in the material
34 as the material is unwound from the roll 32.

[27] In addition, the first platform 52 may rotate as desired to maintain a
predetermined tension in the material 34 as the material travels toward subsequent
processing. For example, in this and other embodiments, the apparatus 40 includes an
induction motor 66 (shown in FIG. 5) whose operation is controlled by the controller 60.
When the controller 60 allows power to flow through the motor 66, the motor 66 rotates
the first platform 52 and thus the roll 32 held by the platform 352 in a clockwise direction
to unwind material 34 from the roll 32. When the controller 60 prevents power from
flowing through the motor 66, the first platform 52 is allowed to rotate freely. In this
manner, the motor 66 does not oppose the rotation of the roll 32 if the material 34 is
pulled off of the roll 32 by a device located downstream, such as the turnbar apparatus
44. Moreover, by selectively powering the motor 66, the controller 60 can cause the
first platform 52, and thus the roll 32, to rotate faster in response to tension in the
material 34 exceeding a predetermined tension. By rotating faster, the opposing force

from friction in the platform’s rotation and from the inertia of the roll 32 Is reduced, and
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thus the tension in the material 34 1s reduced. In other embodiments, a motor may be
coupled to the first platform 52 via a clutch or other transmission that allows the platform

to rotate freely when the motor does not rotate the platform 52.

[28] The predetermined tension in the material 34 may be any desired tension. For
example in this and other embodiments, the predetermined tension is zero tension. In
such embodiments, the material 34 is pulled and pushed off of the roll 32 with the same
amount of force to prevent tension from generating in the material 34. In other
embodiments, the predetermined tension may be 0.1 pounds. In still other

embodiments, the predetermined tension may be more than 0.1 pounds

[29] Still referring to FIG. 3, the second platform 54 may hold the roll 42 in any
desired position. For example, in this and other embodiments, the second platform 54
holds the roll 42 in a vertical position so that the roll 42 is parallel or substantially
parallel to the roll 32. By holding the roll 42 parallel or substantially parallel to the other
roll 32, one does not have to change the orientation of the sheet of material 36 before
the material 36 is wound onto the roll 42. In other embodiments, the second platform 54

may hold the roll 42 in a position canted relative to the roll 32.

[30] In addition, the second platform 54 may rotate as desired to maintain a
predetermined tension in the material 36 as the material travels toward the roll 42. For
example, in this and other embodiments, the un-interleaver apparatus 40 includes a
servo motor 68 (also shown in FIG. 5) that rotates the second platform 54
counter-clockwise and whose operation is continuously controlled by the controller 60.
The controller 60 determines whether or not to change the rotational speed of the roll 42
by monitoring the tension in the material 36 before the material 36 i1s wound onto the roll
42. When the controller 60 determines that the roll 42 needs to rotate faster to increase
tension in the material 36, then the controller 60 directs the motor 68 to rotate the
platform 54 faster. And, when the controller 60 determines that the roll 42 needs to
rotate slower to decrease tension in the material 36, then the controller 60 directs the
motor 68 to rotate the platform 54 slower. In other embodiments, the controller 60 may
monitor the rotational speed of the first platform 52 and compare the speed to the
rotational speed of the second platform. In such embodiments, the controller 60 must
take into account both the diminishing diameter of the roll 32 as the roll 32 unwinds and

9
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the increasing diameter of the roll 42 as the roll 42 winds. As the roll 32 unwinds, the

speed of the unwinding materials 34 and 36 decreases If the rotational speed of the roll

32 does not change; and as the roll 42 winds, the speed of the winding material 36
increases if the rotational speed of the roll 42 does not change. In other embodiments,
a motor may be coupled to the first platform 52 via a clutch or other transmission that

allows the platform to rotate freely when the motor does not rotate the platform 52.

[31] By monitoring the tension in the material 36 unwound from the roll 32, and In
response, changing the rotational speed of the second platform 54, one can change the
rotational speed of the first platform 52 without adversely affecting the collection of the
material 36. The ability to change the speed of the first platform 52 allows one to
Increase and/or decrease tension in the material 34 to maintain a predetermined tension
In the material 34.

[32] The predetermined tension in the material 36 may be any desired tension. For
example in this and other embodiments, the predetermined tension is zero tension. In
such embodiments, the material 36 is pulled and pushed off of the roll 32 with the same
amount of force to prevent tension from generating in the material 36. In other
embodiments, the predetermined tension may be 0.1 pounds. In still other

embodiments, the predetermined tension may be more than 0.1 pounds

[33] Still referring to FIG. 3, the second platform 54 may be supported on the frame
62 as desired to allow the platform 54 to move in the directions indicated by the arrows
04. For example, in this and other embodiments, the un-interleaver apparatus 40
iIncludes a chassis 70 (also shown in FIG. 5). The chassis 70 includes a jack 72 located
at each comer of a chassis plate 74, and a motor 76 (shown in FIG. 5) that causes one
or more of the jacks 72 to extend or retract to move the chassis plate 74, and thus the
the platform 54, in one of the directions indicated by the two-headed arrow 64. The
controller 60 controls the operation of the motor 76 and determines whether or not to
move the chassis plate 74 by monitoring the position of the edge of the material 36 as
the unwound material 36 travels toward the roll 42. When the controller 60 determines
that the roll 42 needs to move up to align the edge of the material 36 being wound onto
the roll 42 with the edge of the roll 42, then the controller 60 directs the motor 76 to

cause each of the jacks 70 to extend. And, when the controller 60 determines that the

10
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roll 42 needs to move down to align the edge of the material 36 being wound onto the
roll 42 with the edge of the roll 42, then the controller 60 directs the motor 76 to cause
each of the jacks 70 to retract. In other embodiments, the controller 60 may direct one
or more of the jacks 70 to extend to cause the chassis plate 74, and thus the roll 42, to

cant from its previous position.

[34] By monitoring the position of the material’'s edge as the unwound material 36
travels toward the roll 42, one can quickly and efficiently collect the material 36

unwound from the roll 32, and easily re-use the material 36.

[35] Still referring to FIG. 3, the tension-sensor 56 may be any desired sensor
capable of generating a signal that the controller 60 can use to determine whether or
not tension in the material 36 exceeds or falls below a predetermined tension. For
example, in this and other embodiments, the tension-sensor 56 includes a roller 78
(also shown In FIGS. 4A, 4B and 5) that contacts the material 36 and rotates as the
material 36 travels from the roll 32 to the roll 42. The roller 78 iIs mounted to the frame
60 by mounts 80, and is located such that the material 36 only contacts a portion of its
curved surface as the material 36 travels toward the roll 42. In this configuration, the
material 36 urges the roller 78 away from the frame 62 when tension exists in the
material 36. To measure this tension in the material 36, a conventional sensor 82
(shown in FIGS. 4A and 4B), that senses displacement of the roller 78 relative to the
mounts 80, is located where the roller 78 is coupled to each of the mounts 80. The
sensor 82 converts the displacement of the roller 78 into a voltage that the controller
reads and correlates to a specific tension.

[36] The edge-sensor 58 may be any desired sensor capable of generating a signal
that the controller 60 can use to determine whether or not the edge of the material 36
traveling toward the roll 42 will align with the edge of the roll 42 when the material 36 Is
wound around the roll 42. For example, in this and other embodiments, the
edge-sensor 58 includes a conventional sensor (not shown) that senses changes in the
location of the edge by monitoring changes in the light reflected from the edge.

[37] The controller 60 may be any desired controller capable of processing the signals

from the tension-sensor 56 and the edge-sensor 58, and In response directing changes

11
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to the operation of the un-interleaver apparatus 40. For example in this and other
embodiments, the controller 60 may be a computer that includes memory circuitry,
processor circuitry, and software that the processor circuitry executes to perform its
monitoring, determining, and directing functions.

[38] Still referring to FIG. 3, In this and other embodiments, the frame 62 includes
support arms 84 and 86 to help a respective one of the platforms 52 and 54 support
their respective rolls 32 and 42. To allow the un-interleaver apparatus 40 to unwind a
variety of different rolls 32 each having different sheet-widths, each of the arms 84 and
86 are mounted to the frame 60 such that each may be moved in the directions

iIndicated by the two-headed arrows 64.

[39] FIG. 6 is a perspective view of a turnbar apparatus 44 shown in FIG. 2, according
to an embodiment of the invention. The turnbar apparatus 44 changes the orientation of
the sheet of material 34 from a first orientation, such as vertical as shown in FIG. 2, to a
second orientation, such as horizontal as shown in FIG. 2, by supporting the sheet of
material 34 in a third orientation, such as halfway between the vertical and horizontal

orientations, that is intermediate to the first and second orientations.

[40] In this and other embodiments, the turnbar apparatus 44 includes a first roller 92,
a second roller 94, and a turnbar-roller 96 disposed between the first roller 92 and the
second roller 94. The first roller 92 Is configured to support the sheet of material 34 In
the first orientation as the material 34 travels from a first location, such as the
un-interleaver apparatus 40, toward a second location, such as a heating oven. The
second roller 94 is configured to support the sheet of material 34 in a second
orientation, as the material travels toward the second location. Although the first
orientation Is shown as vertical and the second orientation Is shown as horizontal, each
of these orientations may be any desired orientation. The turnbar-roller 96 is configured
to support the sheet of material 34 in a third orientation that is intermediate to the first
and second orientations. The turnbar roller 96 is also movable relative to the first roller
92 In the directions indicated by the two-headed arrow 48 to maintain a predetermined
tension in the sheet of material 34, as the material 34 travels toward the second

location.
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[41] By supporting the sheet of material 34 in a third orientation that is intermediate to
the first and second orientations, one can more easily change the orientation of the
sheet 34 to an orientation that is substantially different than the first orientation. And, by
moving the turnbar-roller 96 relative to the first roller 92, one can increase and/or
decrease tension in the sheet of material 34 to maintain a predetermined tension in the
sheet, as the material 34 travels toward the second location. In addition, by moving the
turnbar-roller relative to the first roller, one can use the turnbar apparatus 44 to change
the orientation of a variety of different sheets 34, each having different widths, without
changing the location of each sheet’s centerline 98 (shown Iin FIGS. 7 and 8). For
example, one may use the turnbar apparatus 44 to change the orientation of a sheet
whose width is 51 inches (shown in FIG. 8) and whose centerline 98 is located In the
middle of the second roller 94. Then, after that is completed, one may move the
turnbar-roller away from the first roller 92 and use the turnbar apparatus 44 to change
the orientation of a sheet whose width is 24 inches (shown in FIG. 7) and whose

centerline 98 I1s also located in the middle of the second roller 94.

[42] The first roller 96 may be any desired roller capable of supporting the sheet of
material 34 in the first orientation. For example, In this and other embodiments, the first
roller includes a tension-roller 100 and a nip-roller 102. The tension-roller 100 is similar
to the roller 78 in the un-inteleaver apparatus 40 previously discussed. The
tension-roller 100 1s mounted to the frame 104 and measures the tension in the material
34 as the material travels toward the turnbar-roller 96. The nip-roller 102 urges the
sheet of material 34 against the tension-roller 100 to help keep the sheet 34 from
moving up and down along the longitudinal axis of the tension-roller 100. When the
tension in the material 34 exceeds a predetermined tension, then the turnbar-roller 96
may be moved toward the tension-roller 100. When the tension in the material 34 falls
below the predetermined tension, then either, the speed of the material leaving the
turnbar apparatus 44 may be increased, the speed of the material entering the turnbar
apparatus may be decreased, or both.

[43] The second roller 94 may be any desired roller capable of supporting the sheet of
material 34 in the second orientation. For example, in this and other embodiments the

second roller 94 includes a conventional drive-roller 106, a conventional idler-roller 108,
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and a conventional electric motor 110 to rotate the drive-roller 106. Similar to the
tension-roller 100, the drive-roller 106 and the idler-roller 108 are each mounted to the

frame 104.

[44] Still referring to FIG. 3, the turnbar-roller 96 may be any desired roller capable of
supporting the sheet 34 in the orientation that is intermediate to the first and second
orientation. Moreover, the turnbar-roller 96 may be positioned as desired to support the
sheet 34 in any desired intermediate orientation. For example, in this and other
embodiments, the turnbar-roller 96 includes a single, conventional idler-roller that Is
mounted to the frame 112, which 1s moveable relative to the frame 104. In addition, the
single idler-roller is clocked 45 degrees or halfway between the vertical first-orientation
and the horizontal second-orientation. In other embodiments, the turnbar roller 96
includes two or more conventional, idler-rollers, each supporting the sheet of material
34 In a respective one of two intermediate orientations. In still other embodiments, the
turnbar-roller 96 may not include a roller, but rather a surface that the sheet of material
slides across.

[45] In this and other embodiments, the turnbar apparatus 44 also includes an
edge-sensor 114. The edge-sensor 114 may be any desired sensor capable of
generating a signal that a controller (not shown) can use to determine whether or not
the edge of the material 34 traveling toward the second location is positioned as
desired. For example, in this and other embodiments, the edge-sensor 58 includes a
conventional sensor (not shown) that senses changes in the location of the edge by
monitoring changes in the light reflected from the edge.

[46] Still referring to FIG. 3, the turnbar apparatus 44 also includes a controller (not
shown) that i1s similar to the controller in the un-interleaver apparatus 40 previously
discussed. The controller may be any desired controller capable of processing the
signals from the tension-roller 100 and the edge-sensor 114, and in response, directing
changes to the operation of the turnbar apparatus 44. For example in this and other
embodiments, the controller 60 may be a computer that includes memory circuitry, a
processor, and software that the processor runs to perform its monitoring, determining,
and directing functions. In other embodiments, the controller 60 may be used to control

the turnbar apparatus 44.
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[47] The scope of the claims should not be limited by the preferred embodiments set

forth in the examples, but should be given the broadest interpretation consistent with

the description as a whole.
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What Is claimed is;

1. An un-interleaver apparatus for unwinding a roll of material interleaved with

another material, and for separating the materials, the apparatus comprising:

a first platform configured to:

hold a roll of first material interleaved with a second material such
that a longitudinal axis of the roll is vertical or substantially

vertical, and
rotate to unwind the first and second materials from the roll;
a second platform configured to:
hold a roll of the second material, and

rotate to wind the second material onto the roll, wherein while the
first platform rotates to unwind the first and second materials,
the unwound second material winds onto the roll of the second

material held by the second platform;

a tension-sensor operable to generate a signal that represents an amount
of tension in the second material as the second material travels from
the first platform toward the second platform;

an edge-sensor operable to generate a signal that represents the position
of an edge of the second material as the second material travels from

the first platform toward the second platform; and

a controller operable to monitor the signal generated by the tension-sensor

and the signal generated by the edge-sensor, and in response:

cause the speed at which the second platform rotates to change to
maintain a predetermined tension in the second m.aterial as the
second material travels from the first platform toward the second
platform, and
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cause the second platform to move relative to the first platform to
align the edge of the second material traveling toward the roll of

second material with the edge of the second material in the roll.

2. The apparatus of claim 1 wherein the roll of material interleaved with the
second material includes a thermoplastic material interleaved with a

gas-permeable material.

3. The apparatus of claim 1 wherein the second platform is configured to hold
the roll of the second material such that a longitudinal axis of the roll of the

second material is vertical or substantially vertical.

4, The apparatus of claim 1 wherein the first platform is configured to rotate
clockwise to unwind the first and second materials from the roll, and the
second platform Is configured to rotate counter-clockwise to wind the second

material onto the roll of second material.

5. The apparatus of claim 1 wherein the tension-sensor is operable to sense
displacement of a roller that is configured to contact the second material and
to rotate as the second material travels from the first platform toward the

second platform.

6. The apparatus of claim 1 wherein the edge-sensor is operable to sense a
change in light reflected from the edge as the second material travels from the

first platform toward the second platform.

7. The apparatus of claim 1 wherein:

the second platform is configured to hold the roll of the second material
such that a longitudinal axis of the roll of the second material is vertical

or substantially vertical, and

the controller is operable to move the second platform in a direction along

the longitudinal axis.
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8. The apparatus of claim 1 wherein the controller is also operable to monitor
tension In the first material as the first material unwinds from the roll of first

material interleaved with the second material, and in response, modify the

speed at which the first platform rotates to maintain a predetermined tension

In the first material as the first material unwinds.
9. A method for unwinding a roll of material interleaved with another material,
and for separating the materials, the method comprising:

rotating a roll of first material interleaved with a second material to unwind
the first and second material from the roll, wherein the roll includes a

longitudinal axis that is vertical or substantially vertical while the roll is

rotated:

directing the unwound second material toward a roll of the second

material;

rotating the roll of the second material to wind the unwound second

material onto the roll of the second material:

determining the tension in the second material as the second material

travels toward the roll of second material;

determining the position of an edge of the second material as the second

material travels toward the roll of second material: and
In response to the determined tension and the determined edge position,

changing the rotational speed of the roll of second material to
maintain a predetermined tension in the second material
traveling toward the roll of second material, and

moving the roll of second material to align the edge of the second
material traveling toward the roll of second material with the

edge of the second material in the roll.

10. The method of claim 9 wherein:
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rotating the roll of first material interleaved with the second material

Includes rotating the roll clockwise, and

rotating the roll of second material includes rotating the roll

counter-clockwise.

11.  The method of claim 9 wherein rotating the second roll includes rotating the

roll while a longitudinal axis of the roll is vertical or substantially vertical.

12.  The method of claim 9 wherein determining the tension in the second material

as the second material travels toward the roll of second material, includes:
contacting the second material with a roller, and

sensing displacement of the roller to determine tension in the second

material.

13. The method of claim 9 wherein moving the roll of second material includes

moving the roll along a longitudinal axis of the roll.

14.  The method of claim 9 further comprising:

determining the tension in the first material as the first material unwinds

from the roll of first material interleaved with the second material, and

In response, changing the rotational speed of the roll to maintain a

predetermined tension in the first material as the first material unwinds.
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