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(57) ABSTRACT

A vacuum roll includes an inner rotor, an intermediate stator,
and an outer shell roll. The inner rotor has open and closed
portions and is adapted to rotate within the intermediate stator
which is rotationally fixed and also has open and closed
portions. The outer shell roll has open and closed portions and
is adapted to move around the intermediate stator. Together
the inner rotor and the intermediate stator define an internal
rotary valve interface adapted to control fluid communication
between the interior chamber and the outer shell.
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VACUUM ROLL WITH INTERNAL ROTARY
VALVE

BACKGROUND OF THE INVENTION

[0001] Thefield ofthe present invention relates generally to
vacuum rolls, and more particularly to vacuum rolls for hold-
ing, controlling, transferring, folding, winding or otherwise
handling flexible materials.

[0002] One known type of vacuum roll includes a rotatable
outer cylindrical wall defining an interior space and a plural-
ity of apertures extending through the cylindrical wall and in
fluid communication with the interior space. One or more
stationary vacuum manifolds are disposed within the interior
space and operatively connected to a vacuum source. Vacuum
can be selectively applied to one or more of the vacuum
manifolds by operating the vacuum source.

[0003] In another known type of vacuum roll, each of the
vacuum manifolds is rotatable with the outer cylindrical wall.
For example, a first plurality of apertures in the cylindrical
wall is in fluid communication with one of the manifolds and
a second plurality of apertures in the cylindrical wall is in
fluid communication with another one of the manifolds.
Vacuum can be selectively applied to the first plurality of
apertures and/or the second plurality of apertures at any loca-
tion about the rotation of the outer cylinder by regulating the
vacuum applied by the vacuum source to the respective mani-
fold. Regulation of the vacuum source is most commonly
performed using one or more valves (e.g., solenoid valves). In
other words, the vacuum applied to each of the manifolds can
be selectively turned “on” and “off” by opening and closing a
valve.

[0004] However, there remains a need for a vacuum roll
capable of changing its vacuum profile even while the
vacuum roll is handling a material at a high line speed.

SUMMARY OF THE INVENTION

[0005] In one aspect, the present invention provides a
vacuum roll having an inner rotor, an intermediate stator, and
an outer shell roll. The inner rotor is adapted to rotate around
a first axis and defines an interior chamber, an open portion,
and a closed portion, in the circumferential direction. The
intermediate stator is rotationally fixed (i.e., does not rotate),
has a second axis and surrounds the inner rotor. The interme-
diate stator defines an open portion and a closed portion in the
circumferential direction. The outer shell roll is adapted to
move about a third axis and surrounds the intermediate stator.
The outer shell roll defines an open portion and a closed
portion in the circumferential direction. Together the inner
rotor and the intermediate stator define an internal rotary
valve interface adapted to control fluid communication
between the interior chamber and the outer shell.

[0006] In some embodiments, the inner rotor, the interme-
diate stator, and the outer shell roll are concentric and have a
common axis.

[0007] Insomeembodiments, the open portion of the inter-
mediate stator defines a first open portion and a second open
portion in the circumferential direction. The first open portion
is adapted for fluid isolation from the second open portion. In
various embodiments, the open portion of the inner rotor may
include a plurality of sub-openings extending in the axial
direction. The first open portion of the intermediate stator
may include a plurality of sub-openings extending in the axial
direction. The second open portion of the intermediate stator
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may include a plurality of sub-openings extending in the axial
direction. The open portion of the outer shell roll may include
aplurality of sub-openings extending in the axial direction. In
some embodiments, a single inner rotor sub-opening may be
aligned, in the axial direction, with a single sub-opening of
the first open portion of the intermediate stator, a single sub-
opening of the second open portion of the intermediate stator,
and a pair of sub-openings of the outer shell roll.

[0008] In some embodiments, the first open portion of the
intermediate stator may be separated from the second open
portion of the intermediate stator, in the circumferential
direction, by a divider that includes a positive pressure blow
off.

[0009] In some embodiments, the intermediate stator
defines an internal surface and an external surface. The closed
portion defines an internal surface closed percentage and an
external surface closed percentage that is less than the internal
surface closed percentage.

[0010] In some embodiments, the inner rotor is connected
with a first drive mechanism for rotating the inner rotor at a
constant velocity and the outer shell roll is connected with a
second drive mechanism. The second drive mechanism is
different than the first drive mechanism and is adapted to
co-rotate, counter-rotate, or oscillate the outer shell roll with
respect to the inner rotor rotation.

[0011] In some embodiments, the inner rotor is connected
with a drive mechanism for rotating the inner rotor at a non-
constant velocity.

[0012] Insome embodiments, the radial clearance between
the outer shell roll and the intermediate stator is less than
0.010 inch and the radial clearance between the intermediate
stator and the outer shell roll is less than 0.010 inch.

[0013] Insome embodiments, the interior chamber is con-
nected to a vacuum source ported in a radial direction relative
to the first axis.

[0014] In another aspect, the present invention provides a
method for creating a circumferential vacuum profile in a
vacuum roll. The method includes providing a vacuum roll
having an inner rotor, an intermediate stator, and an outer
shell roll. The inner rotor is adapted to rotate about a first axis,
defines an interior chamber and also defines an open portion
and a closed portion in the circumferential direction. The
intermediate stator is rotationally fixed and has a second axis,
surrounds the inner rotor, and defines an open portion and a
closed portion in the circumferential direction. The outer
shell roll is adapted to move about a third axis, surrounds the
intermediate stator, and defines an open portion and a closed
portion in the circumferential direction. The method includes
applying vacuum to the interior chamber. The method also
includes communicating vacuum from the interior chamber
to the open portion of the outer shell roll by moving the outer
shell roll around the intermediate stator to at least partially
align the open portion of the outer shell roll with the open
portion of the intermediate stator while also rotating the inner
rotor within the intermediate stator to at least partially align
the open portion of the inner rotor with the open portion ofthe
intermediate stator. The method also includes blocking
vacuum from the interior chamber to the open portion of the
outer shell roll by rotating the inner rotor within the interme-
diate stator to completely align the closed portion of the inner
rotor with the open portion of the intermediate stator or rotat-
ing the outer shell roll around the intermediate stator to com-
pletely align the open portion of the outer shell roll with the
closed portion of the intermediate stator.
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[0015] Insomeembodiments, the open portion of the inter-
mediate stator defines a first open portion and a second open
portion in the circumferential direction and the method
includes applying vacuum to the first open portion of the
intermediate stator, applying vacuum to the second open por-
tion of the intermediate stator while continuing to apply
vacuum to the first open portion of the intermediate stator, and
blocking vacuum to the first open portion of the intermediate
stator while simultaneously applying fluid pressure to the first
open portion of the intermediate stator and simultaneously
applying vacuum to the second open portion of the interme-
diate stator.

[0016] In some embodiments, the method further includes
oscillating the outer shell roll by alternatingly and repetitively
moving the outer shell roll in a first direction and a second
direction, wherein the first direction is opposite the second
direction.

[0017] In some embodiments, the method further includes
applying vacuum to the open portion of the outer shell roll in
a first position while moving in the first direction and block-
ing vacuum to the open portion of the outer shell roll in the
first position while moving in the second direction.

[0018] In another aspect, the present invention provides a
method for creating a circumferential vacuum profile in a
vacuum roll. The method includes providing a vacuum roll
having an inner rotor, an intermediate stator, and an outer
shell roll. The inner rotor rotates about a common axis,
defines an interior chamber and also defines an open portion
and a closed portion in the circumferential direction. The
intermediate stator is rotationally fixed about the common
axis, surrounds the inner rotor, and defines a first open por-
tion, a second open portion, and a closed portion in the cir-
cumferential direction. The outer shell roll rotates about the
common axis, surrounds the intermediate stator, and defines
an open portion and a closed portion in the circumferential
direction. The method further includes applying vacuum to
the interior chamber. The method also includes communicat-
ing vacuum from the interior chamber to the first open portion
of'the intermediate stator by rotating the inner rotor within the
intermediate stator to at least partially align the open portion
of the inner rotor with the first open portion of the interme-
diate stator to define a first valve ON condition. The method
also includes blocking vacuum from the interior chamber to
the first open portion of the intermediate stator by rotating the
inner rotor within the intermediate stator to completely align
the closed portion of the inner rotor with the first open portion
ofthe intermediate stator to define a first valve OFF condition.
The method further includes communicating vacuum from
the interior chamber to the second open portion of the inter-
mediate stator by rotating the inner rotor within the interme-
diate stator to at least partially align the open portion of the
inner rotor with the second open portion of the intermediate
stator to define a second valve ON condition. The method
further includes blocking vacuum from the interior chamber
to the second open portion of the intermediate stator by rotat-
ing the inner rotor within the intermediate stator to com-
pletely align the closed portion of the inner rotor with the
second open portion of the intermediate stator to define a
second valve OFF condition. The method also includes block-
ing vacuum from the interior chamber to the open portion of
the outer shell roll by completely aligning the open portion of
the outer shell roll with the closed portion of the intermediate
stator to define a first shell position. The method also includes
communicating vacuum from the interior chamber to the
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open portion of the outer shell roll by moving the outer shell
roll around the intermediate stator in a first direction to at least
partially align the open portion of the outer shell roll with the
first open portion of the intermediate stator to define a second
shell position while in the first valve ON condition. The
method also includes communicating vacuum from the inte-
rior chamber to the open portion of the outer shell roll by
moving the outer shell roll around the intermediate stator in
the first direction to at least partially align the open portion of
the outer shell roll with the second open portion of the inter-
mediate stator to define a third shell position while in the
second valve ON condition. The method also includes com-
municating vacuum from the interior chamber to the open
portion of the outer shell roll by moving the outer shell roll
around the intermediate stator in a second direction, opposite
the first direction, to the third shell position while in the
second valve ON condition. The method also includes the
step of blocking vacuum from the interior chamber to the
open portion of the outer shell roll by moving the outer shell
roll around the intermediate stator in the second direction to
the second shell position while in the first valve OFF condi-
tion.

[0019] In various embodiments, the method further
includes applying fluid pressure to the first open portion of the
intermediate stator while in the first valve OFF condition and
while in the second valve ON condition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic view of a portion of an exem-
plary product manufacturing system having two folding
apparatus;

[0021] FIG. 2 is a side view of one of the folding apparatus
of FIG. 1 removed from the manufacturing system;

[0022] FIGS. 3-8 are schematic views of the folding appa-
ratus of FIG. 2 with an exemplary product at various positions
and configurations;

[0023] FIG. 9 is a perspective view of an exemplary
vacuum roll;
[0024] FIG. 10 is a cross-section view of the vacuum roll of

FIG. 9 taken along the line A-A;

[0025] FIG. 11 is an exploded perspective view of the
vacuum roll of FIG. 9;

[0026] FIGS.12A,12B, and 12C are cross-section views of
the vacuum roll of FIG. 11 taken along the lines B-B, C-C,
and D-D respectively;

[0027] FIG. 13 is a cross-section view of the intermediate
stator of FIG. 11 taken along the line E-E;

[0028] FIG. 14 is a block diagram of an exemplary method
of the present invention;

[0029] FIG. 15 is a block diagram of another exemplary
method of the present invention;

[0030] FIGS. 16-23 are perspective cross-sectional views
of an exemplary vacuum roll in various configurations and
conditions.

DETAILED DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a schematic view of a portion of an exem-
plary manufacturing system, indicated generally at 50, for
manufacturing products (such as personal care products) hav-
ing two folding apparatuses, indicated generally at 100. The
illustrated configuration of the manufacturing system 50 has
two folding apparatuses 100 but it is contemplated that the
system could have fewer (i.e., one) or more folding apparatus.
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The folding apparatuses 100 are capable of maintaining accu-
rate control of the product while it is being folded at high line
speeds. As a result, the products being manufactured by the
illustrated system 50 are folded more precisely, with greater
repeatability, and with less force (and thus less product dam-
age and deformation) than prior art folding apparatus, such as
blade folding apparatus. As used herein, the term “high line
speed” refers to product manufacturing rates ot 400 products
per minute (ppm) or greater, such as 400 ppm to 4000 ppm, or
600 ppm to 3000 ppm, or 900 ppm to 1500 ppm. However, it
is understood that the product manufacturing rate is directly
dependent on the product begin manufactured. Thus, the term
“high line speed” is relative and can differ from one product
to another.

[0032] For exemplary purposes only, the illustrated manu-
facturing system 50 and thus, the folding apparatus 100 will
be described herein as used with a disposable training pant
manufacturing system. It is understood, however, that the
manufacturing system 50 and folding apparatus 100 can be
configured to manufacture and fold numerous other products,
including but not limited to, other types of personal care
products, foil products, film products, woven products, pack-
aging products, industrial products, food products, and the
like, whether disposable or non-disposable, and whether
absorbent or non-absorbent, without departing from the
scope of the invention. Other suitable personal care products
that could be manufactured by the system 50 and folded by
the folding apparatus 100 include, but are not limited to,
diapers, adult incontinence garments, panty liners, and femi-
nine pads.

[0033] Asillustrated in FIG. 1, a plurality of discrete train-
ing pants 500 are fed along a first conveying member, indi-
cated generally at 80. The first conveying member 80 delivers
each of the training pants 500 (generally, “a product”) in a
pre-folded configuration to one of the two folding apparatus
100 for folding the training pants from a pre-folded configu-
ration to a folded configuration. The folded training pants 500
are conveyed from the respective folding apparatus 100 by a
second conveying member, indicated generally at 105, to
other components (not shown) of the system 50. Since both of
the folding apparatus 100 illustrated in FIG. 1 are substan-
tially the same, the detailed description of only one is pro-
vided herein.

[0034] In the embodiment illustrated in FIG. 1, half of the
training pants 500 are delivered to each of the folding appa-
ratus 100. Devices suitable for use as the first conveying
member 80 are well known in the art and include, but are not
limited to, drums, rollers, belt conveyors, air conveyors,
vacuum conveyors, chutes, and the like. For exemplary pur-
poses, the first conveying member 80 is illustrated herein as a
vacuum belt conveyor. In some embodiments, the first con-
veying member 80 may include a conveying-assist device 82
to assist in keeping the training pants in a controlled position
during advancement as illustrated in FIG. 1. Conveying-assist
means are well-known in the art and, for example, include
support belts, vacuum means, support rolls, secondary con-
veyor belts, guide plates, and the like.

[0035] Referring now to FIG. 2, a side view of an exem-
plary folding apparatus 100 of FIG. 1 is representatively
illustrated. The folding apparatus 100 comprises a receiving
roll 110, a vacuum roll 150, a folding roll 170, and a trans-
ferring roll 190. Each of the receiving roll 110, the vacuum
roll 150, the folding roll 170, and the transferring roll 190 is
indicated generally by their respective reference number.
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Suitable receiving rolls, folding rolls, and transfer rolls are
described in U.S. Patent Application Publication number
2012/0152695, filed Dec. 17, 2010, the entirety of which is
incorporated herein by reference where not contradictory.
[0036] The receiving roll 110 is adapted to rotate in the
direction indicated by the arrow. The receiving roll 110 may
include a raised engagement member 127 adapted to receive,
hold, and feed the training pant 500 through the folding
apparatus 100. The raised engagement member 127 may
include a plurality of circular apertures arranged to generally
match the profile of the pre-folded configuration of the train-
ing pant 500. The illustrated receiving roll 110 is adapted to
receive and hold one training pant 500 per revolution. How-
ever, in various embodiments, the receiving roll 110 may be
adapted to receive and hold a plurality of training pants 500
per revolution. In various embodiments, the raised engage-
ment member 127 can be flush with the remainder of the
cylinder or may be raised. In some embodiments, the aper-
tures may have any suitable arrangement, quantity, shape, or
size.

[0037] The vacuum roll 150 may include a raised puck 164
(broadly, “an engagement area”) adapted to receive a portion
of'the training pant from the receiving roll 110 and to transfer
the portion to the folding roll 170. The raised engagement
puck 164 may include a plurality of circular apertures
arranged to generally match the profile of the pre-folded
configuration of the training pant 500. In some embodiments,
the puck 164 may be flush with the remainder of the outer
cylinder of the vacuum roll 150. In some embodiments, the
apertures in the puck 164 may have any suitable arrangement,
quantity, shape, or size.

[0038] Theillustrated folding roll 170 is adapted to rotate in
the direction indicated by the arrow. The folding roll 170 may
also include a raised puck 186 adapted to receive a portion of
the training pant 500 from the vacuum roll 150 and to transfer
the portion to the receiving roll 110. The raised puck 186 may
include a plurality of circular apertures arranged in any suit-
able shape such as a rectangle. In various embodiments, the
raised puck 186 may be flush with the outer surface of the
folding roll 170. In some embodiments, the apertures in the
puck 186 may have any suitable arrangement, quantity, shape,
or size.

[0039] The transferring roll 190 is rotatable in the direction
indicated by the arrow. The transferring roll 190 may include
araised engagement member 206 adapted to receive the train-
ing pant 500 in its folded configuration from the receiving roll
110. The raised engagement member 206 may include a plu-
rality of circular apertures arranged in any suitable shape,
such as in the profile of the training pant 500 in its folded
configuration. In some embodiments, the raised engagement
member 206 may be flush with the remainder of the outer
cylinder of the transferring roll 190. In some embodiments,
the apertures in the engagement member 206 may have any
suitable arrangement, quantity, shape, or size.

[0040] Each of'the receiving roll 110, the vacuum roll 150,
the folding roll 170 and the transferring roll 190 are described
herein as using vacuum to hold the training pant 500 to their
respective outer cylinder. It is contemplated, however, that
other suitable structures (e.g., adhesive, frictional members,
nano-fabricated hairs) capable of grasping, controlling, and
releasing the training pant 500 can be used instead of or in
conjunction with vacuum.

[0041] Referring now to FIGS. 3-8, an exemplary folding
apparatus 100 is illustrated folding an exemplary training
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pant 500. The receiving roll 110 is aligned such that engage-
ment member 127 is subjected to a vacuum. The receiving roll
110 is rotated in a first direction. As illustrated, the receiving
roll 110 is rotated in a counterclockwise direction as indicated
by the arrow (broadly, a first direction). The receiving rol1110
may be driven at any suitable speed. In some embodiments,
the receiving roll 110 is driven at a constant surface speed, and
suitably at the same speed that the training pant 500 is trav-
eling on the first conveying member 80.

[0042] The exemplary training pant 500 defines a leading
edge 527, a first portion 571, and a second portion 572. The
first portion 571 is proximate the leading edge 527 and the
second portion 572 is distal the leading edge 527. When the
leading edge 527 of the training pant 500 reaches the receiv-
ing roll 110, the training pant 500 is aligned with and grasped
by the engagement member 127 of the receiving roll 110 as
illustrated in FIG. 3. As the receiving roll rotates away from
the first conveying member 80, the leading edge 527 and the
first portion 571 of the training pant 500 are lifted from the
first conveying member and transferred to the receiving roll.
As the second portion 572 of the training pant 500 is delivered
to the receiving roll 110 by the first conveying member 80, it
is aligned with and grasped by the receiving roll in substan-
tially the same manner as the leading edge 527 as illustrated
in FIGS. 4 and 5.

[0043] As the training pant 500 rotates with the receiving
roll 110, the leading edge 527 of the training pant is moved
adjacent the vacuum roll 150 as seen in FIG. 3. The rolls are
configured such that the receiving roll 110 defines a first nip
529 with the vacuum roll 150. The vacuum within the receiv-
ing roll 110 may be blocked or reduced proximate the first nip
529 to promote the release of the leading edge 527 and sub-
sequently the entire first portion 571 of the training pant 500
as it rotates beyond the first nip 529 as illustrated in FIG. 4.
[0044] As the leading edge 527 of the training pant 500
approaches the first nip 529, the puck 164 of the vacuum roll
150 moves adjacent the receiving roll 110 at the first nip 529
as shown in FIG. 3. The vacuum roll 150 is configured such
that as the leading edge 527 of the training pant 500
approaches the puck 164 of the vacuum roll 150, the training
pant 500 is subject to vacuum such that the training pant 500
is grasped by the puck 164 proximate the first nip 529. In
some embodiments, pressurized air may be used to assist in
the transfer of the first portion 571 from the receiving roll 110
to the puck 164 of the vacuum roll 150.

[0045] The first portion 571 of the training pant 500 is
transferred to the puck 164 of the vacuum roll 150 while the
vacuum roll 150 is moving in a clockwise direction (broadly,
a second direction), which is opposite the rotation of the
receiving roll 110. In some embodiments, the vacuum roll
150 may be rotating at approximately the same surface speed
as the receiving roll 110 when the first portion 571 of the
training pant 500 is transferred from the receiving roll 110 to
the vacuum roll member 150.

[0046] The second portion 572 of the training pant 500
remains held to the receiving roll 110 as the vacuum continues
to be applied at this location on the receiving roll 110 as
illustrated in FIG. 5. Once the leading edge 527 of the training
pant 500 is transferred from the receiving roll 110 to the
vacuum roll 150 (or shortly thereafter), the outer cylinder of
the vacuum roll 150 begins to slow down relative to the
receiving roll 110. In various embodiments, the outer cylinder
of'the vacuum roll may be driven with variable surface speed.
In some embodiments, the outer cylinder of the vacuum roll
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may be rotated in a clockwise direction and then rotated in a
counterclockwise direction to define an oscillating motion.
Because of the slowing, stopping, and changing rotational
direction relative to the outer cylinder of the receiving roll
110, the training pant 500 begins to fold as illustrated in FIG.
6 while the first portion 571 of the training pant 500 remains
securely held to the puck 164 by the vacuum.

[0047] With the vacuum roll 150 now rotating in the coun-
terclockwise direction, the first portion 571 of the training
pant 500 is contacted by the puck 186 of the folding roll 170
at a second nip 531 defined by the vacuum roll 150 and the
folding roll 170 as illustrated in FIG. 6. At this stage of the
process, the outer cylinder of the folding roll 170 is rotating at
generally the same surface speed as the outer cylinder of the
vacuum roll 150 but in the opposite direction (i.e., clockwise).
The rotational surface speed of the outer cylinders of the
vacuum roll 150 and the folding roll 170 at this point in the
folding process are slower than the rotational surface speed of
the receiving roll 110. As a result, the second portion 572 of
the training pant 500 is moving faster than the first portion
571.

[0048] Because the vacuum being applied by the vacuum
roll 150 is now blocked proximate the second nip 531, the first
portion 571 of the training pant transfers from the puck 164 of
the vacuum roll 150 to the puck 186 of the folding roll 170 as
illustrated in FIG. 7. The folding roll 170 is configured to
apply vacuum to the first portion of the training pant 500. As
a result, the first portion 571 of'the training pant 500 transfers
to the puck 186 of the folding roll 170 at the second nip 531.
[0049] Once the first portion 571 of the training pant 500 is
transferred from the vacuum roll 150 to the folding roll 170,
the rotational surface speed of the outer cylinder of the fold-
ing roll 170 is increased by its drive assembly to generally
match the rotational surface speed of the outer cylinder of the
receiving roll 110. As illustrated in the figures, the outer
cylinder of the folding roll 170 is rotating in a clockwise
direction which is opposite from the counterclockwise direc-
tion of the outer cylinder of the receiving roll 110. The first
portion 571 of the training pant 500 is brought back into
engagement with the engagement member 127 of the outer
cylinder of the receiving roll 110 at a third nip 533 defined
between the folding roll 170 and the receiving roll 110 such
that the first portion 571 of the training pant is in overlying
relationship with the second portion 572 as illustrated in FI1G.
7.

[0050] The folding roll 170 is adapted such that the internal
vacuum is terminated proximate the third nip 533. As aresult,
the vacuum holding the first portion 571 of the training pant
500 to the puck 186 of the folding roll 170 is blocked to allow
the first portion 571 of the training pant 500 to transfer back
to the receiving roll 110 and the training pant 500 is arranged
in its folded configuration as illustrated in FIG. 8.

[0051] The training pant 500, which is in its folded con-
figuration, is then transferred from the receiving roll 110 to
the transferring roll 190 at a fourth nip 535 defined between
the receiving roll and the transferring roll. The outer cylinder
of the receiving roll 110 continues to rotate in the counter-
clockwise direction at a constant surface speed. The outer
cylinder of the transferring roll 190 rotates at approximately
the same surface speed as the outer cylinder of the receiving
roll 110 but clockwise.

[0052] The receiving roll is adapted to inhibit the vacuum
of the receiving roll 110 proximate the fourth nip 535. As a
result, the training pant 500 is free from the vacuum of the
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receiving roll 110 at this location. The transtferring roll 190 is
adapted such that vacuum is applied starting proximate the
fourth nip 535. Thus, the outer cylinder of the transferring roll
190 grasps the training pant 500 and transfers the training
pant 500 from the receiving roll 110 to the transferring roll.
[0053] With reference again to FIG. 1, the transferring roll
190 carries the training pant 500 to and transfers the training
pant 500 to the second conveying member 105, which carries
the training pant 500 to additional components of the manu-
facturing system 50. In the illustrated embodiment, the sec-
ond conveying member 105 is a vacuum belt conveyor. Other
devices suitable for use as the second conveying member 105
are well-known in the art and include, but are not limited to,
drums, rollers, air conveyors, vacuum conveyors, chutes, and
the like.

[0054] Referring now to FIG. 9, an exemplary vacuum roll
of the present invention is represented generally at 150. FIG.
10 is a cross-sectional view of the vacuum roll 150 of FIG. 9
taken along the line A-A. FIG. 11 is an exploded perspective
view of the vacuum roll 150 of FIG. 9. In this view, it can be
seen that the vacuum roll 150 includes an inner rotor 20, an
intermediate stator 22, and an outer shell roll 24. The inner
rotor, intermediate stator, and the outer shell roll of the
present invention define an axial direction 10, a circumferen-
tial direction 12, and a radial direction 14 as illustrated in FIG.
9. The radial direction 14 is defined as any number of direc-
tions “radiating” perpendicularly outward from a center axis
as illustrated in FIG. 10. To better illustrate the internal struc-
ture of the vacuum roll, FIG. 12A is a cross-section view of
the outer shell roll 24 of FIG. 11 taken along the line B-B,
FIG. 12B is a cross-section view of the intermediate stator 22
of FIG. 11 taken along the line C-C, and FIG. 12C is a
cross-section view ofthe inner rotor 20 of FIG. 11 taken along
the line D-D. Likewise, FIG. 13 is a cross-section view of the
intermediate stator 22 of FIG. 11 taken along the line E-E.
[0055] The outer shell rolls, the intermediate stators, and
the inner rotors of the present invention define one or more
open portions and one or more closed portions. As used
herein, the terms “open portions” and “closed portions” are
defined relative to the circumferential direction and not rela-
tive to the axial direction. The “open portion” is defined as a
single row in the circumferential direction but may include
one or more sub-openings within said row in the axial direc-
tion. In various embodiments, the open portion may include a
first open portion, a second open portion, a third open portion,
etc. A given open portion is adapted for fluid isolation from
other open portions relative to the circumferential direction
and may include multiple sub-openings extending in the axial
direction.

[0056] The inner rotor 20 is adapted to rotate around a first
axis 26 and defines an interior chamber 28, an open portion
30, and a closed portion 32 as illustrated in FIG. 11. In various
embodiments, the open portion of the inner rotor may have
any suitable number, configuration, and shape of openings
and sub-openings. In some embodiments, the open portion of
the inner rotor may include multiple open portions arranged
in rows having a plurality of sub-openings extending in the
axial direction. In some embodiments, the inner rotor 20 may
include an open portion 30 having a single row with multiple
sub-openings A-L extending in the axial direction 10 as illus-
trated in FIGS. 11 and 12C. The sub-openings A-L. may be
separated by support members 31 (FIG. 12C) that help pro-
vide structural integrity to the inner rotor 20 without signifi-
cantly reducing the overall area of the open portion 30.
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[0057] The intermediate stator 22 is fixed about a second
axis 34 and does not rotate. The intermediate stator 22 sur-
rounds the inner rotor 20. The inner rotor 20 is adapted to
rotate within the intermediate stator 22 as illustrated in FIG.
10. The intermediate stator 22 defines an open portion 36 and
a closed portion 38 as illustrated in FIGS. 11 and 12B. In
various embodiments, the open portion of the intermediate
stator may have any suitable number, configuration, and
shape of openings and sub-openings. In some embodiments,
the open portion of the intermediate stator may include mul-
tiple open portions arranged in rows with each row having a
plurality of sub-openings extending in the axial direction. In
some embodiments, the open portion 36 of the intermediate
stator 22 may define a first open portion 52 (FIG. 11) and a
second open portion 54 (FIG. 12B) each having multiple
sub-openings A-L extending in the axial direction 10. The
sub-openings A-L are separated by support members 37 that
help provide structural integrity to the intermediate stator 22
without significantly reducing the overall area of the first
open portion 52 or the second open portion 54 as illustrated in
FIGS. 11, 12B, and 13.

[0058] The inner rotor 20 and the intermediate stator 22
define an internal rotary valve interface 40 adapted to control
fluid communication between the interior chamber 28 and the
open portion 36 of the intermediate stator 22 as illustrated in
FIG. 10. Also, because the first open portion 52 is adapted for
fluid isolation from the second open portion 54, the fluid
communication between the interior chamber 28 and the first
open portion 52 can be separately controlled from the fluid
communication between the interior chamber 28 and the sec-
ond open portion 54.

[0059] The outer shell roll 24 is adapted to move about a
third axis 42 and surround the intermediate stator 22 as illus-
trated in FIG. 10. The outer shell roll 24 defines an open
portion 44 and a closed portion 46 as illustrated in FIGS. 11
and 12A. In various embodiments, the open portion of the
outer shell roll may have any suitable number, configuration,
and shape of openings and sub-openings. In some embodi-
ments, the open portion of the outer shell roll may include
multiple open portions arranged in rows with each row having
a plurality of sub-openings extending in the axial direction.
For example, the open portion 44 of the outer shell roll 24 may
define a plurality of open portions having multiple sub-open-
ings 66 extending in the axial direction 10 as illustrated in
FIGS. 11 and 12A. The outer shell roll 24 and the intermedi-
ate stator 22 define a transfer interface 48 adapted to control
fluid communication between the open portion 36 of the
intermediate stator 22 and the open portion 44 of the outer
shell roll 24 as illustrated in FIG. 10.

[0060] Invarious embodiments, one or two of the first axis
26, the second axis 34, and the third axis 42 may be different
from the remaining two or one axis respectively. In some
embodiments, the first axis 26, the second axis 34, and the
third axis 42 are the same. In these embodiments, the inner
rotor 20, the intermediate stator 22, and the outer shell roll 24
are concentric about a common axis 68 as illustrated in FIG.
10.

[0061] Insomeembodiments, afirst open portion of a given
roll may be separated from a second open portion of said roll
by any suitable means. In some embodiments, the first open
portion may be separated from the second open portion by a
divider. For example, referring again to FIG. 10, the first open
portion 52 of the intermediate stator 22 is separated from the
second open portion 54 of the intermediate stator 22 by a
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divider 70. The divider 70 may include a second fiuid supply
line 71 extending in the axial direction 10 as best seen in FIG.
12B. Details of the divider 70 are illustrated in FIG. 13, which
is a cross-sectional view of FIG. 11 taken along the line E-E.
The divider 70 may also include blow offs 72 that create fluid
communication between the second fluid supply line 71 and
the first open portion 52 or the second open portion 54. In
various embodiments, any suitable number of blow offs 72
may be utilized. In the embodiment of FIG. 13, two blow offs
72 are positioned within each sub-opening A-L to align with
each column of sub-openings 66 on the outer shell roll 24
(FIG. 11). In various embodiments, the blow offs may be in
fluid communication with the first open portion, the second
open portion, or both. The second fluid supply line and the
blow offs may be adapted to provide positive pressure to the
first open portion, the second open portion, or both.

[0062] In various embodiments, the inner rotor and/or the
outer shell roll may be moved by any suitable drive assembly
and mechanism. For example, the inner rotor may be con-
nected to any suitable first drive assembly to rotate the inner
rotor about the first axis. Likewise, the outer shell roll may be
connected to any suitable second drive assembly to rotate the
outer shell roll about the third axis. In various embodiments,
the first drive assembly and the second drive assembly may be
separate. In some embodiments, a single drive assembly may
rotate both the inner rotor and the outer shell roll. In various
embodiments, the inner rotor and/or the outer shell roll may
be moved in a first direction, a second direction, or both,
wherein the first direction is opposite the second direction. In
various embodiments, the inner rotor and/or the outer shell
roll may be moved at constant velocity or non-constant veloc-
ity.

[0063] In some embodiments, the inner rotor 20 is con-
nected with a first drive mechanism (not illustrated) via a
rotor shaft 88 (FIG. 11) for rotating the inner rotor 20 at a
constant velocity while the outer shell roll 24 is connected
with a second drive mechanism (not illustrated) via a shell roll
shaft 90 (FIG. 11) for co-rotating, counter-rotating, or oscil-
lating the outer shell with respect to the inner spool rotation.
In some embodiments, the inner rotor may be rotated about
the first axis in the first direction at a constant velocity while
the outer shell roll may be oscillated around the third axis
alternatively between the first direction and the second direc-
tion at a non-constant velocity.

[0064] In various embodiments, the intermediate stator 22
defines an internal surface 74 and an external surface 76 as
illustrated in FIG. 10. The closed portion 38 of the interme-
diate stator 22 defines an internal surface closed percentage
78 and an external surface closed percentage 79. In various
embodiments, the internal surface closed percentage is
greater than, less than, or equal to the outer surface closed
percentage. For example, the embodiment illustrated in FIG.
10 has an internal surface closed percentage 78 of about 56%
and an outer surface closed percentage 79 of about 40%.
Having internal surface closed percentages different than
outer surface closed percentages, in various embodiments,
allows more optimization of the vacuum profile by optimiz-
ing the rotary valve interface and/or the transfer interface.
[0065] In various embodiments, the inner rotor and the
outer shell roll may have diameters relative to the intermedi-
ate stator to provide any suitable radial clearance. For
example, in some embodiments, the radial clearance between
the outer shell roll and the intermediate stator is less than
0.030, 0.020, or 0.010 inch and the radial clearance between
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the intermediate stator and the outer shell roll is less than
0.030, 0.020, or 0.010 inch. In some embodiments, the radial
clearance between the outer shell roll and the intermediate
stator is about 0.005 to about 0.007 inch. Likewise, in some
embodiments, the radial clearance between the inner rotor
and the intermediate stator is about 0.005 to about 0.007 inch.
The relatively small clearances allow for better valving, fluid
isolation, and fluid communication from roll to roll and less
vacuum and/or pressure losses between the rolls.

[0066] In various embodiments, the interior chamber 28 of
the inner rotor 20 may be connected with any suitable vacuum
source. As illustrated in FIG. 11, the interior chamber 28 of
the inner rotor 20 is connected to a vacuum source (not
shown) via a port 84 positioned in a radial direction relative to
the center axis. The inner rotor 20 includes vacuum source
openings 86 as illustrated in FIG. 11. The vacuum source
openings 86 allow for constant fluid communication from the
vacuum source through the port 84 to the inner chamber 28
while the inner rotor 20 is rotating.

[0067] Any of the various vacuum rolls described herein
may be used to create a circumferential vacuum profile.
Referring now to FIG. 14, a block diagram of an exemplary
method 94 of the present invention is representatively illus-
trated. The method 94 includes a step 96 of providing a
vacuum roll with an inner rotor, intermediate stator, and an
outer shell roll. Suitable vacuum rolls include those described
herein.

[0068] The inner rotor includes an interior chamber that is
in fluid communication with a vacuum source. The inner rotor
defines an open portion and a closed portion and is adapted to
move about a first axis. The intermediate stator is rotationally
fixed about a second axis and surrounds the inner rotor. The
intermediate stator also defines an open portion and a closed
portion. The outer shell roll surrounds the intermediate stator
and defines an open portion and a closed portion.

[0069] The method 94 further includes a step 98 of apply-
ing vacuum to the interior chamber of the inner rotor. In
various embodiments, the step 98 may also include continu-
ously applying vacuum to the internal chamber. In some
embodiments, the step 98 may include intermittently apply-
ing vacuum to the internal chamber.

[0070] The method 94 further includes a step 102 of align-
ing the open portion of the inner rotor with the open portion of
the stator and a step 104 of aligning the open portion of the
outer shell roll with the open portion of the stator. Steps 102
and 104 of method 94 allow for a step 106 of communicating
vacuum from the interior chamber through the outer shell roll.
In various embodiments, the step 102 may include rotating
the inner rotor within the intermediate stator in a first direc-
tion to at least partially align the open portion of the inner
rotor with the open portion of the intermediate stator. In
various embodiments, the step 104 may include moving the
outer shell roll around the intermediate stator in the first
direction to a first shell position that at least partially aligns
the open portion of the outer shell roll with the open portion
of the intermediate stator.

[0071] The method 94 further includes a step 108 of align-
ing the closed portion of the inner rotor with the open portion
of the stator. Step 108 allows for a step 112 of blocking
vacuum from the interior chamber of the inner rotor to the
open portion of the intermediate stator.

[0072] In some embodiments of the method 94, the open
portion of the intermediate stator includes a first open portion
and a second open portion that is adapted for fluid isolation
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from the first open portion. In some embodiments, the method
94 further includes the steps of applying vacuum to the first
open portion of the intermediate stator, then applying vacuum
to the second open portion of the intermediate stator while
simultaneously blocking vacuum to the first open portion. In
some embodiments, the step 104 may include oscillating the
outer shell roll to align the open portion of the outer shell with
the open portion of the intermediate stator.

[0073] Referring now to FIG. 15, a block diagram of
another exemplary method 120 of the present invention is
representatively illustrated. The method 120 includes a step
122 of providing a vacuum roll with an inner rotor, interme-
diate stator, and outer shell roll. Suitable vacuum rolls include
those described herein.

[0074] The inner rotor includes an interior chamber that is
in fluid communication with a vacuum source. The inner rotor
defines an open portion and a closed portion and is adapted to
rotate around a first axis. The intermediate stator is rotation-
ally fixed about a second axis and surrounds the inner rotor.
The intermediate stator also defines a first open portion, a
second open portion, and a closed portion. The outer shell roll
surrounds the intermediate stator and defines an open portion
and a closed portion. The method 120 further includes a step
124 of applying vacuum to the interior chamber of the inner
rotor. In various embodiments, the step 124 may also include
continuously applying vacuum to the internal chamber.

[0075] The method 120 further includes a step 126 of align-
ing the open portion of the inner rotor with the first open
portion of the intermediate stator and a step 128 of rotating the
outer shell roll in a first direction to a first shell position to
align the open portion of the shell roll with the first open
portion of the intermediate stator. The steps 126 and 128
facilitate a step 130 of communicating vacuum from the inte-
rior chamber of the inner rotor through the outer shell roll.

[0076] The method 120 further includes a step 131 of align-
ing the open portion of the inner rotor with the second open
portion of the intermediate stator and a step 132 of rotating the
outer shell roll in the first direction to align the open portion
of the shell roll with the second open portion of the interme-
diate stator. The steps 131 and 132 facilitate a step 134 of
communicating vacuum from the interior chamber of the
inner rotor through the outer shell roll.

[0077] The method 120 further includes a step 136 of rotat-
ing the outer shell roll in a second direction, opposite the first
direction, to the first shell position and thus aligning the open
portion of the shell roll with the first open portion of the
intermediate stator. The method 120 also includes a step 138
of aligning the closed portion of the inner rotor with the first
open portion of the intermediate stator concurrently with step
136. The steps 136 and 138 facilitate a step 140 of blocking
vacuum from the interior chamber of the inner rotor through
the outer shell roll at the first shell position.

[0078] Referring now to FIGS. 16-23, a cross sectional
view of another exemplary vacuum roll 210 is representa-
tively illustrated in various configurations and conditions.
FIGS. 16-23 are presented sequentially to illustrate exem-
plary steps for creating a circumferential vacuum profile. The
vacuum roll 210 includes an inner rotor 212, an intermediate
stator 214, and an outer shell roll 216. The rolls 210, 212,214
and 216 each define an axial direction 10, a circumferential
direction 12, and a radial direction 14. In various embodi-
ments, the rolls 212, 214, and/or 216 may include any or all of
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the respective features and combinations of any of the inner
rotors, intermediate stators, and/or outer shell rolls described
herein.

[0079] The inner rotor 212 is adapted to rotate around a
common axis 218 and defines an interior chamber 220, an
open portion 222, and a closed portion 224. In various
embodiments, the open portion of the inner rotor may have
any suitable number, configuration, and/or shape of openings
and sub-openings. In some embodiments, the open portion of
the inner rotor may include multiple open portions arranged
in rows having a plurality of sub-openings extending in the
axial direction. In some embodiments, the inner rotor may
include a single open portion having multiple sub-openings
extending in the axial direction 10. However, only a single
sub-opening of the open portion 222 is visible in the cross-
sectional views of FIGS. 16-23 for purposes of clarity. In
various embodiments, the sub-openings may be separated by
support members that help provide structural integrity to the
inner rotor 212 without significantly reducing the overall area
of the open portion 222.

[0080] The intermediate stator 214 is fixed about the com-
mon axis 218 and does not rotate. The intermediate stator 214
surrounds the inner rotor 212. The inner rotor 212 is adapted
to rotate within the intermediate stator 214. The intermediate
stator 214 defines an open portion 226 and a closed portion
228. In various embodiments, the open portion of the inter-
mediate stator may have any suitable number, configuration,
and/or shape of openings and sub-openings. In some embodi-
ments, the open portion of the intermediate stator may include
multiple open portions arranged in rows having a plurality of
sub-openings extending in the axial direction. However, only
a single sub-opening of the open portion 226 is visible in the
cross-sectional views of FIGS. 16-23 for purposes of clarity.
In some embodiments, and as illustrated, the open portion
226 of the intermediate stator 214 may define a first open
portion 230 and a second open portion 232. In some embodi-
ments, the first open portion and/or the second open portion of
the intermediate stator may include multiple open portions
arranged in rows having a plurality of sub-openings extend-
ing in the axial direction. However, only a single sub-opening
of'the first open portion 230 and only a single sub-opening of
the second open portion 232 are visible in the cross-sectional
views of FIGS. 16-23 for purposes of clarity.

[0081] The inner rotor 212 and the intermediate stator 214
define an internal rotary valve interface 234 adapted to con-
trol fluid communication between the interior chamber 220
and the open portion 226 of the intermediate stator 214. Also,
because the first open portion 230 is adapted for fluid isolation
from the second open portion 232, the fluid communication
between the interior chamber 220 and the first open portion
230 can be separately controlled from the fluid communica-
tion between the interior chamber 220 and the second open
portion 232.

[0082] The outer shell roll 216 is adapted to move about the
common axis 218 and surround the intermediate stator 214.
The outer shell roll 216 defines an open portion 236 and a
closed portion 238. In various embodiments, the open portion
of'the outer shell roll may have any suitable number, configu-
ration, and/or shape of openings and sub-openings. In some
embodiments, the open portion of the outer shell roll may
include multiple open portions arranged in rows having a
plurality of sub-openings extending in the axial direction. In
some embodiments, the open portion 236 of the outer shell
roll may define a plurality of open portions 240-249 having
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multiple sub-openings extending in the axial direction 10.
However, only a single sub-opening for each of the open
portions 240-249 is visible in the cross-sectional views of
FIGS. 16-23 for purposes of clarity.

[0083] The outer shell roll 216 and the intermediate stator
214 define a transfer interface 250 adapted to control fluid
communication between the open portion 226 of the interme-
diate stator 214 and the open portion 236 of the outer shell roll
216. Likewise, the outer shell roll 216 also defines a product
surface 262 opposite the transfer interface 250.

[0084] The first open portion of a given roll may be sepa-
rated from a second open portion of said roll in the circum-
ferential direction by any suitable means. In some embodi-
ments, the first open portion may be separated from the
second open portion by a closed portion. In some embodi-
ments, the first open portion may be separated from the sec-
ond open portion by a closed portion having a divider. For
example, the first open portion 230 of the intermediate stator
214 may optionally be separated from the second open por-
tion 232 of the intermediate stator 214 by a divider 252. In
various embodiments, the divider may be solid. In other
embodiments, the divider 252 may include a second fluid
supply line 254 extending in the axial direction 10 as illus-
trated in FIGS. 16-23. The divider may also include one or
more openings that allow fluid communication between the
second fluid supply line and the first open portion and/or the
second open portion of the intermediate stator. In various
embodiments, the openings in the divider may allow fluid
communication of pressurized fluid from the second fluid
supply line and the open portion of the intermediate stator. In
these embodiments, the openings may be referred to as blow
offs. For example, in the embodiment illustrated in FIGS.
16-23, the divider 252 includes a blow off 256 that facilitates
fluid communication between the second fluid supply line
254 and the first open portion 230 of the intermediate stator
214.

[0085] Referring now to FIG. 16, the vacuum roll 210 is
illustrated with the inner rotor 212 rotating about the common
axis 218 in a first rotor direction 258. The interior chamber
220 is in fluid communication with a vacuum source. In
various embodiments, the vacuum source may be adapted to
apply vacuum to the interior chamber 220. In various embodi-
ments, the vacuum applied to the interior chamber 220 may be
continuously supplied or may be intermittently supplied. In
various embodiments, the vacuum may be applied at a first
level and/or a second level that is different than the first level.
The vacuum from the interior chamber 220 may be commu-
nicated to the first open portion 230 of the intermediate stator
214 by rotating the inner rotor 212, in the circumferential
direction 12, within the intermediate stator 214, to at least
partially align the open portion 222 of the inner rotor 212 with
the first open portion 230 of the intermediate stator 214 to
define the rotary valve interface 234 in a first valve ON
condition as illustrated in FIG. 16. Likewise, the vacuum
from the interior chamber 220 may be blocked to the second
open portion 232 of the intermediate stator 214 by complete
alignment of the closed portion 224 of the inner rotor 212 with
the second open portion 232 of the intermediate stator 214 to
define the rotary valve interface 234 in a second valve OFF
condition as also illustrated in FIG. 16.

[0086] Still referring to FIG. 16, the outer shell roll 216 is
illustrated rotating about the common axis 218 in a first shell
direction 260 and at a first shell position. The vacuum from
the first open portion 230 of the intermediate stator 214 is
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blocked from the open portion 236 of the outer shell roll 216
by completely aligning the open portion 236 of the outer shell
roll 216 with the closed portion 228 of the intermediate stator
214. Thus, the vacuum from the interior chamber 220 is
communicated to the first open portion 230 of the intermedi-
ate stator 214 but is blocked from the open portion 236 of the
shell. In this shell position and rotary valve interface condi-
tion, the vacuum roll 210 has no vacuum force applied to the
product surface 262 of the outer shell roll 216.

[0087] Referring now to FIG. 17, the vacuum roll 210 is
illustrated with the inner rotor 212 continuing to rotate about
the common axis 218 in the first rotor direction 258. The
vacuum from the interior chamber 220 continues to be com-
municated to the first open portion 230 of the intermediate
stator 214 because the rotary valve interface 234 remains in
the first valve ON condition. The outer shell roll 216 contin-
ues to rotate about the common axis 218 in the first shell
direction 260 to a second shell position. In this position and
valve condition, the vacuum from the first open portion 230 of
the intermediate stator 214 is communicated through the first
open portion 240 of the outer shell roll 216 because the first
open portion 240 of the outer shell roll 216 is aligned with the
first open portion 230 of the intermediate stator 214. Thus, the
vacuum from the interior chamber 220 is communicated to
the first open portion 230 of the intermediate stator 214 and is
communicated to the first open portion 240 of the outer shell
roll 216 but remains blocked to the remaining open portions
241-249 of the outer shell roll 216.

[0088] Referring now to FIG. 18, the vacuum roll 210 is
illustrated with the inner rotor 212 still rotating about the
common axis 218 in the first rotor direction 258. The vacuum
from the interior chamber 220 continues to be communicated
to the first open portion 230 of the intermediate stator 214 as
the rotary valve interface 234 remains in the first valve ON
condition. Additionally, the vacuum from the interior cham-
ber 220 is now being communicated to the second open
portion 232 of the intermediate stator 214 because the inner
rotor 212 has rotated within the intermediate stator 214 to at
least partially align the open portion 222 of the inner rotor 212
with the second open portion 232 of the intermediate stator
214 to define the rotary valve interface 234 in a second valve
ON condition. The outer shell roll 216 continues to rotate
about the common axis 218 in the first shell direction 260 to
a third shell position. In this position and valve interface
condition, the vacuum from the first open portion 230 of the
intermediate stator 214 is being communicated through the
plurality of open portions 240-249 of the outer shell roll 216.
In some embodiments, the inner rotor and the outer shell roll
may be rotating in the same direction and the open area of the
inner rotor may “lead” the open area of the outer shell roll as
illustrated in FIG. 18. This sequencing of rolls allows the
second open portion 232 of the intermediate stator 214 to be
evacuated before the open portion(s) of the shell roll align
with the second open portion 232 and minimizes any lag in
vacuum force available to the product surface 262.

[0089] Referring now to FIG. 19, the vacuum roll 210 is
illustrated with the inner rotor 212 still rotating about the
common axis 218 in the first rotor direction 258. The vacuum
from the interior chamber 220 is still being communicated to
the first open portion 230 of the intermediate stator 214
because the rotary valve interface 234 is still in the first valve
ON condition. Likewise, the vacuum from the interior cham-
ber 220 continues to be communicated to the second open
portion 232 of the intermediate stator 214 as the rotary valve
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interface 234 remains in the second valve ON condition. The
outer shell roll 216 continues to rotate about the common axis
218 in the first shell direction 260 to a fourth shell position. In
this position and valve interface condition, the vacuum from
the first open portion 230 of the intermediate stator 214 is
being communicated through the plurality of open portions
242-249 of the outer shell roll 216 and the vacuum from the
second open portion 232 of the intermediate stator 214 is
being communicated through the open portions 240-241 of
the outer shell roll 216.

[0090] Referring now to FIG. 20, the vacuum roll 210 is
illustrated with the inner rotor 212 continuing to rotate about
the common axis 218 in the first rotor direction 258. The
vacuum from the interior chamber 220 continues to be com-
municated to the first open portion 230 of the intermediate
stator 214 as the rotary valve interface 234 is still in the first
valve ON condition. Likewise, the vacuum from the interior
chamber 220 continues to be communicated to the second
open portion 232 of the intermediate stator 214 as the rotary
valve interface 234 is still in the second valve ON condition.
The outer shell roll 216 continues to rotate about the common
axis 218 in the first shell direction 260 to a fifth shell position.
In this position and valve interface condition, the vacuum
from the first open portion 230 of the intermediate stator 214
is blocked to the product surface 262 of the outer shell roll 216
and the vacuum from the second open portion 232 of the
intermediate stator 214 continues to be communicated
through the plurality of open portions 240-249 of the outer
shell roll 216.

[0091] Referring now to FIG. 21, the vacuum roll 210 is
illustrated with the inner rotor 212 continuing to rotate about
the common axis 218 in the first rotor direction 258. The
vacuum from the interior chamber 220 is now blocked to the
first open portion 230 of the intermediate stator 214 by com-
plete alignment of the closed portion 224 of the inner rotor
212 with the first open portion 230 of the intermediate stator
214 to define the rotary valve interface 234 in a first valve OFF
condition. The vacuum from the interior chamber 220 con-
tinues to be communicated to the second open portion 232 of
the intermediate stator 214 as the rotary valve interface 234
remains in the second valve ON condition. The outer shell roll
216 has stopped rotating about the common axis 218 at this
sixth shell position. In this position and valve interface con-
dition, the vacuum to and from the first open portion 230 of
the intermediate stator 214 is blocked and the vacuum
through the second open portion 232 of the intermediate
stator 214 continues to be communicated through the plural-
ity of open portions 240-249 of the outer shell roll 216.

[0092] Referring now to FIG. 22, the vacuum roll 210 is
illustrated with the inner rotor 212 continuing to rotate about
the common axis 218 in the first rotor direction 258. The
vacuum from the interior chamber 220 remains blocked from
the first open portion 230 of the intermediate stator 214 as the
rotary valve interface 234 is in the first valve OFF condition.
The vacuum from the interior chamber 220 continues to be
communicated to the second open portion 232 of the inter-
mediate stator 214 as the rotary valve interface 234 is still in
the second valve ON condition. The outer shell roll 216 is now
rotating about the common axis 218 in a second shell direc-
tion 264. The second shell direction 264 is opposite the first
shell direction 260. In this position and valve interface con-
dition, the vacuum to the first open portion 230 of the inter-
mediate stator 214 is blocked. Thus, the vacuum to the last
open portion 249 of the outer shell roll 216 is blocked while
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the vacuum from the second open portion 232 of the interme-
diate stator 214 continues to be communicated through the
plurality of open portions 240-248 of the outer shell roll 216.
[0093] Referring now to FIG. 23, the vacuum roll 210 is
illustrated with the inner rotor 212 continuing to rotate about
the common axis 218 in the first rotor direction 258. The
vacuum from the interior chamber 220 remains blocked to the
first open portion 230 of the intermediate stator 214 as the
rotary valve interface 234 is in the first valve OFF condition.
The vacuum from the interior chamber 220 continues to be
communicated to the second open portion 232 of the inter-
mediate stator 214 as the rotary valve interface 234 is still in
the second valve ON condition. The outer shell roll 216 is now
rotating about the common axis 218 in the second shell direc-
tion 264. In this position and valve interface condition, the
vacuum to the first open portion 230 of the intermediate stator
214 is blocked. Thus, the vacuum to the open portions 240-
249 is also blocked.

[0094] In some embodiments, fluid pressure may be
applied to the first open portion and/or the second open por-
tion of the intermediate stator to assist in the release of a
material from the product surface. In some embodiments,
fluid pressure may be applied to the first open portion and/or
the second open portion of the intermediate stator while
vacuum is blocked from said first and/or second open portion
of the intermediate stator to assist in the release of a material
from the product surface. Alternatively or additionally, fluid
pressure may be applied to all or a part of the open portion of
the outer shell. In some embodiments, fluid pressure may be
applied to the first open portion of the intermediate stator
while vacuum is blocked from said first portion of the inter-
mediate stator and while vacuum is communicated through
the second portion of the intermediate stator. This configura-
tion may assist in the release of a material from a portion of
the product surface while maintaining the hold of the material
in a second portion of the product surface. In various embodi-
ments, fluid pressure may be applied directly to all or part of
the open portion of the outer shell.

[0095] For example, in the shell position and valve inter-
face condition illustrated in FIG. 22, fluid pressure may be
applied from the second fluid supply line 254 to the first open
portion 230 of the intermediate stator 214 via the blow off
256. Since the vacuum from the interior chamber 220 is
blocked to the first open portion 230 of the intermediate stator
214, the fluid pressure may be communicated through the
open portion 249 of the outer shell roll 216. Simultaneously,
since the vacuum from the interior chamber 220 is commu-
nicated to the second open portion 232 of the intermediate
stator 214, the vacuum may be communicated through the
open portions 240-248 of the outer shell roll 216. Applying
pressure in this manner may assist in removing a product from
a first portion of the product surface 262 while maintaining
hold of the product to a second portion of the product surface
262.

[0096] In another example, in the shell position and valve
interface condition illustrated in FIG. 23, fluid pressure may
be applied from the second fluid supply line 254 to the first
open portion 230 of the intermediate stator 214 via the blow
oft 256. Since the vacuum from the interior chamber 220 is
blocked to the first open portion 230 of the intermediate stator
214, the fluid pressure may be communicated through the
open portion 236 of the outer shell roll 216. Applying pres-
sure in this manner may assist in complete removal of the
product from the product surface 262.
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[0097] In general, the method and apparatus of the present
invention enables the product surface 262 of the outer shell
roll 216 to have vacuum communicated thereto when aligned
with the first open portion 230 of the intermediate stator 214
while the outer shell roll 216 is moving in the first shell
direction 260. Additionally, the method and apparatus of the
present invention enables the product surface 262 to also have
vacuum blocked thereto when aligned with the first open
portion 230 of the intermediate stator 214 while the outer
shell roll 216 is moving in the second shell direction 264. In
some embodiments, the method and apparatus of the present
invention also enables the product surface 262 to have fluid
pressure communicated thereto when aligned with the first
open portion 230 of the intermediate stator 214 while the
outer shell roll 216 is moving in the second shell direction
264.

[0098] Invarious embodiments, the sequence of steps illus-
trated in FIGS. 16-23 may be repeated one or more times in an
ongoing method of creating a circumferential vacuum profile.
Specifically, the repetitive sequence of the steps illustrated in
FIGS. 16-23 results in the inner rotor 212 continuously rotat-
ing in a first rotor direction 258 while the outer shell roll 216
alternates between rotation in a first shell direction 260 and a
second shell direction 264 to create an oscillating motion. The
rotation of the inner rotor 212 operates to alternatingly tran-
sition the rotary valve interface 234 between a first valve ON
condition and a first valve OFF condition. Likewise, the rota-
tion of the inner rotor 212 operates to alternatingly transition
the rotary valve interface between a second valve ON condi-
tion and a second valve OFF condition. In some embodi-
ments, the rotation of the inner rotor 212 operates to create a
repeating sequence wherein: first, the rotary valve interface is
in first valve ON condition and the second valve OFF condi-
tion; second, the rotary valve interface is in the first valve ON
condition while also in the second valve ON condition; third,
the rotary valve interface is in the first valve OFF condition
while also in the second valve ON condition; and fourth, the
rotary valve interface is in the first valve OFF condition while
also in the second valve OFF condition.

[0099] While the invention has been described in detail
with respect to specific embodiments thereof, it will be appre-
ciated that those skilled in the art, upon attaining understand-
ing of the foregoing will readily appreciate alterations to,
variations of, and equivalents to these embodiments. Accord-
ingly, the scope of the present invention should be assessed as
that of the appended claims and any equivalents thereto.
Additionally, all combinations and/or sub-combinations of
the disclosed embodiments, ranges, examples, and alterna-
tives are also contemplated.

1. A vacuum roll comprising,

an inner rotor, an intermediate stator, and an outer shell roll,
wherein

the inner rotor is adapted to rotate around a first axis and
defines an interior chamber, an open portion, and a
closed portion, in a circumferential direction,

the intermediate stator is rotationally fixed and has a sec-
ond axis and surrounds the inner rotor, the intermediate
stator defines an open portion and a closed portion in the
circumferential direction,

the outer shell roll is adapted to move about a third axis and
surrounds the intermediate stator, the outer shell roll
defines an open portion and a closed portion in the cir-
cumferential direction, and
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together the inner rotor and the intermediate stator define
an internal rotary valve interface adapted to control fluid
communication between the interior chamber and the
outer shell roll.

2. The vacuum roll of claim 1 wherein the inner rotor, the
intermediate stator, and the outer shell roll are concentric and
have a common axis.

3. The vacuum roll of claim 1 wherein the open portion of
the intermediate stator defines a first open portion and a
second open portion, in the circumferential direction,
wherein the first open portion is adapted for fluid isolation
from the second open portion.

4. The vacuum roll of claim 3 wherein the open portion of
the inner rotor comprises a plurality of sub-openings extend-
ing in an axial direction, the first open portion of the interme-
diate stator comprises a plurality of sub-openings extending
in the axial direction, the second open portion of the interme-
diate stator comprises a plurality of sub-openings extending
in the axial direction, and the open portion of the outer shell
roll comprises a plurality of sub-openings extending in the
axial direction.

5. The vacuum roll of claim 4 wherein a single inner rotor
sub-opening is adapted to align, in the axial direction, with a
single sub-opening of the first open portion of the intermedi-
ate stator, a single sub-opening of the second open portion of
the intermediate stator, and a pair of sub-openings of the outer
shell roll.

6. The vacuum roll of claim 3 wherein the first open portion
of the intermediate stator is separated from the second open
portion of the intermediate stator by a divider that includes a
positive pressure blow off.

7. The vacuum roll of claim 3 wherein the intermediate
stator defines an internal surface and an external surface and
wherein the closed portion defines an internal surface closed
percentage and an external surface closed percentage that is
less than the internal surface closed percentage.

8. The vacuum roll of claim 1 wherein the inner rotor is
connected with a first drive mechanism for rotating the inner
rotor at a constant velocity and the outer shell roll is con-
nected with a second drive mechanism, different than the first
drive mechanism, that is adapted to co-rotate, counter-rotate,
or oscillate the outer shell with respect to the inner rotor
rotation.

9. The vacuum roll of claim 1 wherein the inner rotor is
connected with a drive mechanism for rotating the inner rotor
at a non-constant velocity.

10. The vacuum roll of claim 1 wherein the radial clearance
between the outer shell roll and the intermediate stator is less
than 0.010 inch and the radial clearance between the interme-
diate stator and the outer shell roll is less than 0.010 inch.

11. The vacuum roll of claim 1 wherein the interior cham-
ber is connected to a vacuum source ported in a radial direc-
tion relative to the first axis.

12. A method for creating a circumferential vacuum profile
in a vacuum roll comprising,

providing a vacuum roll having an inner rotor, an interme-
diate stator, and an outer shell roll, wherein,

the inner rotor is adapted to rotate about a first axis,
defines an interior chamber and also defines an open
portion and a closed portion in the circumferential
direction,
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the intermediate stator is rotationally fixed and has a
second axis, surrounds the inner rotor, and defines an
open portion and a closed portion in the circumferen-
tial direction, and

the outer shell roll is adapted to move about a third axis,
surrounds the intermediate stator, and defines an open
portion and a closed portion in the circumferential
direction;

applying vacuum to the interior chamber;

communicating vacuum from the interior chamber to the

open portion of the outer shell roll by moving the outer

shell roll around the intermediate stator to at least par-
tially align the open portion of the outer shell roll with
the open portion of the intermediate stator while also
rotating the inner rotor within the intermediate stator to
at least partially align the open portion of the inner rotor
with the open portion of the intermediate stator,

blocking vacuum from the interior chamber to the open
portion of the outer shell roll by rotating the inner rotor
within the intermediate stator to completely align the
closed portion of the inner rotor with the open portion of
the intermediate stator or rotating the outer shell roll
around the intermediate stator to completely align the
open portion of the outer shell roll with the closed por-
tion of the intermediate stator.

13. The method of claim 12 wherein the open portion of the
intermediate stator defines a first open portion and a second
open portion in the circumferential direction and wherein the
method includes

applying vacuum to the first open portion of the interme-

diate stator,

applying vacuum to the second open portion of the inter-

mediate stator while continuing to apply vacuum to the

first open portion of the intermediate stator, and

blocking vacuum to the first open portion of the interme-
diate stator while simultaneously applying fluid pres-
sure to the first open portion of the stator and simulta-
neously applying vacuum to the second open portion of
the intermediate stator.

14. The method of claim 12 further comprising

oscillating the outer shell roll by alternatingly and repeti-

tively moving the outer shell roll in a first direction and

a second direction, wherein the first direction is opposite

the second direction.

15. The method of claim 14 further comprising,

applying vacuum to the open portion of the outer shell roll

in a first position while moving in the first direction, and

blocking vacuum to the open portion of the outer shell roll
in the first position while moving in the second direction.

16. A method for creating a circumferential vacuum profile
in a vacuum roll comprising,

providing a vacuum roll having an inner rotor, an interme-

diate stator, and an outer shell roll, wherein,

the inner rotor rotates about a common axis, defines an
interior chamber and also defines an open portion and
a closed portion in the circumferential direction,

the intermediate stator is rotationally fixed about the
common axis, surrounds the inner rotor, and defines a
first open portion, a second open portion, and a closed
portion in the circumferential direction, and
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the outer shell roll rotates about the common axis, sur-
rounds the intermediate stator, and defines an open
portion and a closed portion in the circumferential
direction;
applying vacuum to the interior chamber;
communicating vacuum from the interior chamber to the
first open portion of the intermediate stator by rotating
the inner rotor within the intermediate stator to at least
partially align the open portion of the inner rotor with the
first open portion of the intermediate stator to define a
first valve ON condition;
blocking vacuum from the interior chamber to the first
open portion of the intermediate stator by rotating the
inner rotor within the intermediate stator to completely
align the closed portion of the inner rotor with the first
open portion of the intermediate stator to define a first
valve OFF condition;
communicating vacuum from the interior chamber to the
second open portion of the intermediate stator by rotat-
ing the inner rotor within the intermediate stator to at
least partially align the open portion of the inner rotor
with the second open portion of the intermediate stator
to define a second valve ON condition;
blocking vacuum from the interior chamber to the second
open portion of the intermediate stator by rotating the
inner rotor within the intermediate stator to completely
align the closed portion of the inner rotor with the second
open portion of the intermediate stator to define a second
valve OFF condition;
blocking vacuum from the interior chamber to the open
portion of the outer shell roll by completely aligning the
open portion of the outer shell roll with the closed por-
tion of the intermediate stator to define a first shell posi-
tion;
communicating vacuum from the interior chamber to the
open portion of the outer shell roll by moving the outer
shell roll around the intermediate stator in a first direc-
tion to at least partially align the open portion of the
outer shell roll with the first open portion of the inter-
mediate stator to define a second shell position while in
the first valve ON condition;
communicating vacuum from the interior chamber to the
open portion of the outer shell roll by moving the outer
shell roll around the intermediate stator in the first direc-
tion to at least partially align the open portion of the
outer shell roll with the second open portion of the
intermediate stator to define a third shell position while
in the second valve ON condition;
communicating vacuum from the interior chamber to the
open portion of the outer shell roll by moving the outer
shell roll around the intermediate stator in a second
direction, opposite the first direction, to the third shell
position while in the second valve ON condition;

blocking vacuum from the interior chamber to the open
portion of the outer shell roll by moving the outer shell
roll around the intermediate stator in the second direc-
tion to the second shell position while in the first valve
OFF condition.

17. The method of claim 16 further comprising applying
fluid pressure to the first open portion of the intermediate
stator while in the first valve OFF condition and while in the
second valve ON condition.
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