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(57) Abstract: In some embodiments of the present invention, a method and apparatus for holding sheets are disclosed in which
single transverse folds are created by vacuum rolls in one operational mode and double transverse folds are created by vacuum rolls
in another operational mode. The folder can have a low profile in which the axes of various elements and assemblies in the folder
are located within height ranges relative to the height of a folding roll axis in the folder.
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SHEET FOLDING APPARATUS AND METHOD

Background of the Invention

Conventional sheet folding machines exist in a variety of shapes and sizes, and are
designed to perform a variety of different folds on sheet products. Typical products that
are commonly folded include napkins, tissues, hand towels, and the like.

Typically, conventional folders perform folding operations in a variety of stages
and at a variety of different locations within the folder. These folders tend to be relatively
large machines that consume a large quantity of valuable space within manufacturing
facilities. The space consumed includes both ground space and overhead space - both of
which are valuable and limited in most manufacturing facilities.

Many conventional folders also are designed to produce a particular type of folded
product (i.e., having a particular type of fold). In order for conventional folders to perform
varying types of folds, such folders must typically be retrofitted or partially disassembled
and reassembled. Such changeover can consume valuable operating time and money, and
therefore is often less attractive than purchasing different folders for producing different
types of folded product. However, both of these options are expensive and mefficient.

Sheet folders can require maintenance from time to time, which can prove to be
difficult due to the significant height, width, and layout of conventional folders. Ladders,
scissor lifts, or other equipment can be necessary to access many areas of the folder,
thereby increasing maintenance costs and time, and increasing the opportunities for

injuries during maintenance and operation of the folders.

Summary of the Invention

Some embodiments of the present invention provide a folder including a first
folding roll having a blade for cutting a web of material into sheets, a second folding roll
having at least one vacuum port through which vacuum can be selectively supplied to
retain the sheets on the second folding roll, and a third folding roll having at least one
vacuum port through which vacuum can be selectively supplied to retain the sheets to the
third folding roll, wherein the first and second folding rolls define a first nip therebetween
and the second and third folding rolls define a second nip therebetween. In such
embodiments, the first and second folding rolls are rotatable to advance sheets from the
first nip through the second nip and to create folds in sheets passed through the first mp by

vacuum selectively supplied to the at least one vacuum port in the second folding roll, and
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the second and third folding rolls are rotatable to create folds in sheets passed through the
second nip by vacuum selectively supplied to the vacuum ports in the second and third
folding rolls. Such folders can have a first mode of operation in which vacuum is
selectively supplied to the first, second, and third folding rolls to create a first fold n
sheets passed through the first nip and a second fold in sheets passed through the second
nip, and a second mode of operation in which a single fold is created in sheets passed
through the first and second nips.

Other embodiments of the present invention provide a folder for folding a sheet of
material, wherein the folder includes a first folding roll rotatable about a first axis, a
second folding roll adjacent to the first folding roll and rotatable about a second axis, and a
third folding roll adjacent to the second folding roll and rotatable about a third axis, the
first and second folding rolls defining a first nip therebetween and the second and third
folding rolls define a second nip therebetween. In such embodiments, the folder also
includes a first valve operable to selectively supply vacuum to a surface of the second
folding roll to draw the sheet of material to the second folding roll, wherein the sheet 1s at
least partially transferable from the first folding roll to the second folding roll to provide
the sheet with a first fold, and a second valve operable to selectively supply vacuumto a
surface of the third folding roll to draw the sheet of material to the third folding roll,
wherein the sheet is at least partially transferable from the second folding roll to the third
folding roll to provide the sheet with a second fold. The second valve can be controllable
to draw the sheet from the second roll in a first state and to leave the sheet on the second
roll in a second state.

In other embodiments of the present invention a folder is provided for folding a
sheet of material, and includes a first folding roll, a second folding roll adjacent the first
folding roll, a third folding roll adjacent the second folding roll, a first nip defined between
the first and second folding rolls, a second nip defined between the second and third
folding rolls, a first vacuum valve coupled to the second folding roll and operable to
selectively supply vacuum to a surface of the second folding roll, and a second vacuum
valve coupled to the third folding roll and operable to selectively supply vacuum to a
surface of the third folding roll. The folder can have a first state in which vacuum 1s
supplied by the first vacuum valve to the second folding roll to generate sheets having
single transverse folds exiting the folder, and a second state in which vacuum is supplied
by the first and second vacuum valves to the second and third folding rolls, respectively, to

generate sheets having double transverse folds exiting the folder.
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Some embodiments of the present invention provide a method of folding sheets of
material, wherein the method includes retaining sheets upon a surface of a first folding
roll, advancing the sheets upon the surface of the first folding roll to a first nip defined
between the first folding roll and a second folding roll adjacent the first folding roll,
supplying vacuum to a surface of the second folding roll, transferring the sheets from the
first folding roll to the second folding roll via the vacuum supplied to the surface of the
second folding roll, folding each sheet by transferring the sheets from the first folding roll
to the second folding roll, advancing the folded sheets upon the surface of the second
folding roll to a second nip defined between the second folding roll and a third folding
roll, and passing the folded sheets through the second nip between the second folding roll
and the third folding roll, wherein the folded sheets are retained on the second folding roll
without being drawn to the third folding roll. Such methods also include supplying
vacuum to a surface of the third folding roll, drawing other sheets from the second folding
roll to the third folding roll, releasing the other sheets from the third folding roll, and
folding each of the other sheets by drawing and releasing the other sheets by the third
folding roll.

In some embodiments of the present invention, a method of folding sheets of
material includes retaining sheets upon a surface of a first folding roll, advancing the
sheets upon the surface of the first folding roll to a first nip defined between the first
folding roll and a second folding roll adjacent the first folding roll, supplying vacuum to a
surface of the second folding roll, transferring the sheets from the first folding roll to the
second folding roll via the vacuum supplied to the surface of the second folding roll,
wherein the sheets are transferred to the second folding roll without being folded,
advancing the sheets upon the surface of the second folding roll to a second nip defined
between the second folding roll and a third folding roll, supplying vacuum to a surface of
the third folding roll, drawing the sheets from the second folding roll to the third folding
roll, releasing the sheets from the third folding roll, folding each of the sheets by drawing
and releasing the sheets by the third folding roll, supplying vacuum to the surface ot the
first folding roll, transferring other sheets from the first folding roll to the second folding
roll via the vacuum supplied to the surface of the second folding roll, folding each of the
other sheets by transferring the other sheets from the first folding roll to the second folding
roll, advancing the other sheets upon the surface of the second folding roll to the second
nip between the second folding roll and the third folding roll, supplying vacuum to the
surface of the third folding roll, drawing the other sheets from the second folding roli to
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the third folding roll, releasing the other sheets from the third folding roll, and folding
each of the other sheets again by drawing and releasing the sheets by the third folding roll.

Other embodiments of the present invention provide a folder for folding a sheet of
material, the folder being supportable on a ground surface and having an unwinding stand
for rotatably supporting a roll of wound material about a first axis located a first vertical
distance from the ground surface, a first folding roll, and a second folding roll rotatable
about a second axis located a second vertical distance from the ground surface, whereby
the second vertical distance is no greater than 1.2 times the first vertical distance. The first
and second folding rolls define a first nip therebetween, and are rotatable to create folds in
sheets passing through the first nip.

In other embodiments of the present invention, a folder for folding a sheet of
material is supportable on a ground surface and has an unwinding stand for rotatably
supporting a roll of wound material about a first axis located a first vertical distance from
the ground surface, a first folding roll, and a second folding roll rotatable about a second
axis located a second vertical distance from the ground surface, whereby the first vertical
distance is no greater than 1.3 times the second vertical distance. The first and second
folding rolls have a nip therebetween and are rotatable to create folds in sheets passing
through the first nip.

In still other embodiments of the present invention, a folder for folding sheets of
material is supportable on a ground surface and has a folding roll rotatable about a first
axis located a first vertical distance from the ground surface and at least partially assisting
in creating a fold in the sheets, and a starwheel rotatable about a second axis and operable
to stack the sheets, the second axis being located a second vertical distance from the oy
ground surface, wherein the second vertical distance is no greater than the first vertical
distance.

Further objects and advantages of the present invention, together with the
organization and manner of operation thereof, will become apparent from the following
detailed description of the invention when taken in conjunction with the accompanying

drawings, wherein like elements have like numerals throughout the drawings.
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Brief Description of the Drawings

The present invention is further described with reference to the accompanying

drawings, which show a preferred embodiment of the present invention. However, 1t
should be noted that the invention as disclosed in the accompanying drawings is illustrated
by way of example only. The various elements and combinations of elements described
below and illustrated in the drawings can be arranged and organized differently to result in
embodiments which are still within the spirit and scope of the present invention.

Fig. 1A is a front elevational view of a folder according to an embodiment of the
present invention;

Fig. 1B is a side elevational view of the folder in Fig. 1A, in which some of the
elements illustrated in Fig. 1A are not shown for purposes of clarity;

Fig. 2 is a view of the unwind stand of the folder shown in Figs. 1A and 1B;

Fig. 3 is a view of the web guide, embosser, slitter, and synchronizer of the folder
shown 1n Figs. 1A and 1B;

Fig. 4 is a view of the forming boards, creasers, folding assembly, and belt
assembly of the folder shown in Figs. 1A and 1B;

Fig. 5 is a view of the folding assembly, belt assembly, starwheel aésembly, and
conveyor system of the folder shown in Figs. 1A and 1B; and

Figs. 6-13 are schematic views of the folding assembly shown in Figs. 1A, 1B, 4,

and 5, shown 1n various folding operation stages of folding operations.

Detailed Description of the Preferred Embodiments

Figs. 1A and 1B illustrate a folder 20 according to an exemplary embodiment of
the present invention. The illustrated folder design can be employed to product found 1n
any sheet form (such as sheeting found in any width, strips, webs, and the like) and
comprising any material or combinations of material, such as paper, foil, plastic and other
synthetic materials, tissue, fabric, and the like as described above. The tolder 20 can
operate to fold and produce a large number of different products, such as napkins, paper
towels, tissues, cards, folders, wrappers for merchandise or other items, and the like.

In the illustrated embodiment, the folder 20 converts a roll 24 of material into a
finished product. In some embodiments of the present invention, the folder 20 can convert
material found in other forms. For example, the folder 20 can be connected to a
downstream end of a processing machine that prepares web material for the folding

operations in the folder 20, and can directly receive a web of material from the processing
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machine. The upstream processing machine can be a papermaking machine, a coater, a
coloring machine, a printing machine, an embosser, and the like. As used herein and 1n
the appended claims, the term “web” encompasses any type of sheet material (including
those described above) that can be cut into sheet form and folded to produce folded
product. Exemplary folded products include without limitation napkins, paper towels,
tissues, cards, folders, wrappers for merchandise or other items, and the like.

Referring to Figs. 1A and 2, the folder 20 includes an unwind stand 28 on which
the roll 24 is supported. The roll 24 has a roll axis 32 and consists of a web 34 of material
wound around a core or shaft 38. The roll 24 is oriented on the unwinding stand 28 such
that the web 34 is fed into downstream components of the folder 20 from the bottom of the
roll 24. In other words, as viewed in Figs. 1A and 2, the roll 24 rotates in a counter-
clockwise direction when being unwound. In other embodiments, the web 34 1s unwound
from the top of the roll 24. The unwind stand 28 can take any form, and in some
embodiments includes support legs 42 for supporting the shaft 38 on which the roll 24 1s
mounted. The roll 24 is rotated in any manner, such as by directly or indirectly driving the
shaft 38 with a motor, by a drive belt 46 (see Figs. 1A and 2) movable into contact with
the roll 24 and drivable to rotate the roll 24 via frictional engagement of the drive belt 46
with the periphery of the roll 24, and the like. In the illustrated embodiment, the drive belt
46 is movable into and out of contact with the roll 24 by an actuating cylinder 50. The
actuating cylinder 50 can take a number of different forms, such as for example a
hydraulic or pneumatic cylinder. In other embodiments, the drive belt 46 1s movable by
rotating a shaft upon which the drive belt 46 is mounted, by a rack and pinion assembly
connected to the drive belt 46, or in any other manner. In some embodiments, the cylinder
50 (or other element or mechanism used to drive the periphery of the roll 24) 1s reactive to
the reduction of the roll diameter in order to maintain contact between the drive belt 46
and the roll 24. The folder 20 can also include a dancer roll 54 and/or one or more web
guides 58 in order to control the speed of the web fed from the roll 24 and to properly
guide the web fed from the roll 24, respectively. Dancer rolls 54 and web guides 58 are
well known in the art and will not therefore be discussed further herein.

Referring to Figs. 1A and 3, the illustrated folder 20 further includes an embosser
62. Although not required to practice the present invention, the embosser 62 can be used
to emboss a pattern into the web 34 as is often desired in napkins, paper hand towels,
paper towels, and in many other products. The embosser 62 in the illustrated embodiment

includes an upper roll 66 and a lower roll 70 that define an embosser nip 74 therebetween
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through which the web 34 passes. Other orientations of the rolls 66, 70 (e.g., side-by-side
rolls 66, 70 between which the web 34 passes or rolls 66, 70 positioned in other manners)
can instead be used as desired. The exterior of the upper and lower rolls 66, 70 can be
made of a number of different materials such as rubber, metal, plastic, etc. In some
embodiments, the upper and lower rolls 66, 70 can have separate elements mounted to the
exterior thereof (e.g., one or more mats, screens, sleeves, and the like) and having a pattern
thereon to emboss the web 34. As indicated above, the use of an embosser 62 in the folder
20 is optional, and is dependent at least in part upon the type of products being produced
by the folder 20 and the types of web materials run in the folder 20. Accordingly, in some
embodiments of the present invention, the folder 20 does not include an embosser 02.

With continued reference to Figs. 1A and 2, the folder 20 can further include a
slitter 78 that slits the web 34 into two or more narrower webs 34. The slitter 78 can take
any conventional form, and in some embodiments includes a slitter roll 82 and a slitter
anvil roll 86. The slitter roll 82 includes one or more slitting blades 90 that slit the passing
web 34 and cooperate with (e.g., is received within) one or more slots in the slitter anvil
roll 86 during slitting operations. In the illustrated embodiment, the web 34 1s slit into two
narrower webs that are separately directed downstream through the folder 20 for further
processing. Alternatively, the slitter 78 can slit the web 34 into any number of narrower
webs desired, such as by employing more slitting blades 90 on the slitter roll 82. In some
embodiments of the present invention, the folder 20 does not include or does not utilize the
slitter 78 and therefore, the web 34 is not slit. Slitters 78 are well known 1n the art and are
not therefore discussed further herein.

In embodiments of the present invention that include an embosser 62, 1t 1s
sometimes desirable to synchronize the pattern embossed in the web 34 with a cutting roll
(discussed in greater detail below) downstream of the embosser 62. For example, 1t is
sometimes desirable to have napkins with identical patterns and orientations of patterns
thereon, in which case it is often desirable for the cutting roll to cut the napkins at the
same location each time with respect to the pattern on the napkins. An exemplary
mechanism for changing the web travel distance to the cutting roll in order to properly
position the web 34 with respect to the cutting roll is illustrated in Figs. 1A and 3.
Specifically, the folder 20 of the present invention can have one or more synchronizing
arms 98 for synchronizing the web 34 with the downstream cutting roll. The
synchronizing arms 98 are movable (e.g., rotatable about respective pivots 100) to adjust

the length of web 34 between the embosser 62 and the cutting roll, thereby synchronizing
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the embosser 62 and the cutting roll. Insome embodiments of the present invention,
synchronizing arms 62 are not utilized in the folder 20 because synchronization of the
embosser 62 and the cutting roll is not necessary or desired, or because the folder 20 does
not include an embosser 62. Synchronizing arms 62, assemblies, and other devices
employed to control web length between points in a machine are well known to those
skilled in the art and are not therefore described further herein.

Referring to Figs. 1A, 1B, and 4, the folder 20 also includes forming boards 102
and creasers 106. The folder 20 can have any number of forming boards 102 and creasers
106 desired, and in some embodiments has no forming boards 102 or creasers 106 at all
(i.e., where longitudinal folding of the web(s) 34 using such devices is not desired). The
folder can have as many forming boards 20 and creasers 106 as the number of webs 34
running therethrough. For example, two side-by-side webs 34 run to respective forming
boards 30 and creasers 106 in the illustrated embodiment. In other cases, additional
forming boards 30 and creasers 106 can be employed - a forming board 30 and creaser 106
for each web running from the slitter 78 or from other upstream equipment. In still other
embodiments, the folder 20 has more forming boards 30 and creasers 106 than webs 34
run through the folder 20. For example, one or more of the webs 34 can be left unfolded
and creased, or additional forming boards 30 can be available for running wider webs 34
from the roll 24. Forming boards 102 and creasers 106 are both well known 1n the art and
are not therefore described further herein.

Referring now to Figs. 1B, 4, and 5, the folder 20 in the illustrated embodiment
includes a folding assembly 110 for cutting the web 34 into sheets 114 and for folding the
sheets 114. As will be discussed herein and illustrated in Figs. 6-13, the folding assembly
110 of the illustrated embodiment can perform single transverse folds (e.g., quarterfolds)
or both single transverse folds and double transverse folds (e.g., dispenser folds). The
single and double transverse folds can be performed at any location on the sheets (e.g., the
resulting folded product can be provided with a quarterfold or a dispenser fold as
understood in the industry, and in some cases can be provided with one or more folds
along any portion of the sheets). For this purpose, the folding assembly 110 includes a
cutting roll 118, an anvil roll 122, a single transverse roll 126, and a double transverse roll

130.
The cutting roll 118 rotates about a cutting roll axis 134 and includes a cutting
blade or other cutting element 138 for cutting the web 34 into sheets 114. In the 1llustrated

embodiment, one cutting blade 138 is shown, in which case one sheet 114 1s cut per
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revolution of the cutting roll 118. Sheet size can be adjusted by replacing the cutting roll
118 with another cutting roll 118 having a larger or smaller diameter (depending upon
whether larger or smaller sheets, respectively, are desired), by including more or fewer
blades on the cutting roll 118, by extending only a desired number of cutting blades 138 or
other cutting elements on the cutting roll 118, or in still other manners. The cutting roll
118 can have any number of cutting blades 138. For example, the cutting roll 118 can
have two cutting blades 138 disposed on opposite sides of the cutting roll 118 to cut two
sheets 114 per single revolution of the cutting roll 118, the cutting roll 118 can have four
cutting blades 138 disposed at quarter increments around the cutting roll 118 to cut four
sheets 114 per single revolution of the cutting roll 118, and the like. Sheet size can be
adjusted in these embodiments by either removing or adding cutting blades 138 to the
cutting roll 118 or by adjusting the spacing between the cutting blades 138 (depending on
whether larger or smaller sheets, respectively, are desired).

In the illustrated embodiment, the anvil roll 122 rotates about an anvil roll axis 142
and includes a slot 146 defined in the outer periphery thereof for receiving the cutting
blade 138 or other cutting element therein. The anvil roll 122 can have any number of
slots 146 for receiving the cutting blade 138. In the illustrated embodiment, the anvil roll
122 has two slots 146 therein, while the cutting roll 118 has one cutting blade 138. The
anvil roll 122 and the cutting roll 118 are sized such that the anvil roll 122 rotates half of a
revolution for every one revolution of the cutting roll 118. Therefore, the cutting blade
138 is received within a first of the slots 146 on the first revolution thereof, and is received
within a second of the slots 146 on the second revolution thereof.

The anvil roll 122 can include an anvil blade 124 disposed against a side of each
slot 146 (only one anvil blade 124 is illustrated in one of the slots 146 in the figures). By
rotating the cutting roll 118, the cutting blade 138 contacts the anvil blade 124 to cut the
web 34 into sheets 114. Accordingly, two sheets 114 are cut (discussed in greater detail
below) for every revolution of the anvil role 122.

In some embodiments of the present invention, the anvil roll 122 includes the same
number of slots 146 as cutting blades 138 or other cutting elements on the cutting roll 118.
In such embodiments, the cutting and anvil rolls 118, 122 can have substantially the same
diameter such that the anvil roll 122 rotates one revolution for every revolution of the
cutting roll 118. In other embodiments of the present invention, the cutting blade 138 and
the slots 146 are reversed on the anvil roll 122 and the cutting roll 118. In other words, the
cutting blade 138 is positioned on the anvil roll 122 and the slots 146 are positioned on the
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cutting roll 118. In these embodiments, the cutting blade 138 and slots 146 operate in
much the same manner as discussed above.

In further embodiments of the present invention, only one of the cutting roll 118 or
the anvil roll 122 is utilized and includes either anvil or cutting blades thereon. In such
embodiments, another element (which can be stationary), such as a bar, beam, or rod, is
employed in place of either the cutting roll 118 or the anvil roll 122, and can have one or
more blades against which the anvil or cutting roll blades cut the web 34.

One having ordinary skill in the art will appreciate that the web 34 can be cut by
passing between two rotating rolls 118, 122 as shown in the figures (in which case cutting
blades or other cutting elements or features can be located on either or both rolls 118,
120), by passing between a rotating roll 118, 122 and another element that cooperate to cut
the web 34 therebetween (e.g., via blades or other cutting elements or features on either or
both the rotating roll 118, 122 and the other element), or in still other manners.
Accordingly, the term "blade" as used herein and in the appended claims refers to all such
features and elements employed to shear, rupture, or otherwise separate the web 34,
regardless of which the feature or element is stationary or moves during the cutting
process and regardless of whether the element is a cutting blade or an anvil blade.

In still other embodiments of the present invention, only one of the anvil roll 122
or cutting roll 118 is employed to cut the web 34, and includes at least one cutting blade
that cuts the web 34 thereupon, such as by extending from the roll 112, 118, cutting the
web drawn against the surface of the roll 112, 118, or in other manners.

With continued reference to the exemplary folding assembly 110 in the illustrated
embodiment, a cutting nip 150 is defined between the cutting roll 118 and the anvil roll
122 in the illustrated embodiment. The web(s) 34 pass through the cutting nip 150 and are
cut therein into a plurality of sheets 114 by the cutting blade 138 as described above. In
the illustrated embodiment, the anvil roll 122 includes anvil vacuum ports 154 arranged 1n
lines (only the end vacuum ports 154 being visible in Figs. 6-13) across the anvil roll 122
for selectively drawing a leading edge of the severed web 34 against the anvil roll 122. As
will be discussed in greater detail below, the anvil vacuum ports 154 draw the webs 34
against the anvil roll 122 prior to being cut by the cutting blade 138, and maintain this
retaining vacuum force upon the leading edges of the cut webs 34 after the webs 34 have
been cut into sheets 114. The anvil roll 122 can have any number of vacuum port 154 or
sets of vacuum ports 154. In those cases where sets of vacuum ports 154 are employed,

the sets of vacuum ports 154 can be arranged on the anvil roll 122 in any manner desired,
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such as in lines running along the anvil roll 122 in manner (e.g., straight, curved, or
otherwise), in regions on the anvil roll 122, and the like. In some embodiments of the
present invention, the anvil roll 122 includes at least one anvil vacuum port 154 tor
selectively drawing a leading edge of the severed web 34 against the anvil roll 122.

The anvil vacuum ports 154 are connected to a vacuum supply (not shown) tor
selectively providing vacuum to the anvil vacuum ports 154. The anvil vacuum ports 154
can be connected to the vacuum supply by one or more vacuum valves 155 (see Fig 4)
coupled to the anvil roll 122. The vacuum valve 155 1s operable to selectively supply
vacuum to the anvil vacuum ports 154, thereby enabling vacuum force upon the web 34 to
be applied and not applied as desired. In the illustrated embodiment, the anvil roll 122 has
two lines of anvil vacuum ports 154, although any number of lines of anvil vacuum ports
154 can be provided in any location on the anvil roll 122. Each line of anvil vacuum ports
154 in the illustrated embodiment is located adjacent one of the slots 146 in the anvil roll
122. In some embodiments, one or more lines of anvil vacuum ports 154 are located
adjacent to and behind each anvil blade 124 (with reference to the direction of rotation of
the anvil roll 122) in order to hold the portion of the web 34 behind the blade 124 to the
anvil roll 124 prior to, during, and/or after the web 34 1s severed. In other embodiments of
the present invention, one or more lines of anvil vacuum ports 154 are located adjacent
and in front of each anvil blade 124 (with reference to the direction of rotation of the anvil
roll 122). In still other embodiments of the present invention, one or more lines of vacuum
ports 154 are located adjacent the anvil blade 124 and on both sides of each anvil blade
124,

The anvil roll 122 can have any number of anvil vacuum ports 154 adjacent any
number of anvil blades 124 to hold leading edges of the severed web 34 or sheets 114
adjacent to the anvil blades 124. In addition to or instead of vacuum ports 154 located
adjacent anvil blades 124 on the anvil roll 122, anvil vacuum ports 154 can be located
anywhere on the surface of the anvil roll 122 to retain sheets 114 thereon. In some
embodiments, the anvil vacuum port 154 selectively retains portions of sheets 114 other
than the leading edges, such as trailing edges or any other portions of the sheets 114, to the
anvil roll 122.

In some embodiments of the present invention, the anvil roll 122 also includes at
least one anvil air port 156, such as a line of anvil air ports 156 disposed across the
exterior of the anvil roll 122. The air ports 156 can blow a portion of the sheets 114 otf of

the anvil roll 122 at certain times throughout the folding process (discussed in greater
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detail below). In the illustrated embodiment, there are four lines of air ports 156 (only one
air port of each line being visible in Figs. 6-13) disposed around the anvil roll 122. Two
lines of air ports are disposed behind each line of vacuum ports 154 (relative to the
direction of rotation of the anvil roll). The anvil roll 122 can include any number of lines
of air ports 156 and still be within the spirit and scope of the present invention. The lines
of air ports 156 can also be positioned in any orientation with respect to one another. In
addition, any number of air ports 156 arranged in lines, regions, or in other manners can be
located in the anvil roll 122 for moving all or part of sheets 114 off the anvil roll 122.

The anvil and single transverse rolls 122, 126 in the illustrated embodiment define
a single transverse nip 158 therebetween through which sheets 114 pass. The single
transverse roll 126 rotates about a single transverse roll axis 162 and can include vacuum
ports 166 connected to a vacuum supply (not shown) for selectively providing vacuum to
the vacuum ports 166 on the single transverse roll. In some embodiments of the present
invention, the single transverse vacuum ports 166 operate in a similar manner to the anvil
vacuum ports 154. In the illustrated embodiment, the single transverse roll 126 includes
two lines of single transverse vacuum ports 166 (only the end vacuum ports 166 are visible
in Figs. 6-13) extending across the exterior thereof for selectively retaming sheets 114 to
the surface of the single transverse roll 126. One or more lines of ports 166 can be
employed to selectively retain each sheet 114 on the single transverse roll 126. In some
embodiments, the single transverse roll 126 includes multiple lines of vacuum ports 166
for retaining each sheet 114 to the single transverse roll 126. Any number of vacuum
ports 166 can be located anywhere around the periphery of the single transverse roll 126
and can be in any arrangement desired, including those described above with regard to the
vacuum ports 154 in the anvil roll 122.

Like the anvil roll 122, the single transverse roll 126 has at least one vacuum valve
127 (see Fig. 4) connected thereto. In particular, the vacuum ports 166 of the single
transverse roll 126 can be connected to a vacuum supply (not shown) by one or more
vacuum valves 127 coupled to the single transverse roll 126. The vacuum valve 127 1s
operable to selectively supply vacuum to the vacuum ports 166 of the single transverse roll
126, thereby enabling vacuum force upon sheets 114 to be applied and not applied as
desired.

In some embodiments, the single transverse roll 126 also includes one or more air
ports 168, such as a line of air ports 168 disposed across the exterior of the single

transverse roll 126. The air ports 168 operate 1n a similar manner to the anvil air ports 156
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described above, and blow a portion of the sheets 114 off of the single transverse roll 126
at desired times in the folding process (discussed in greater detail below). In the illustrated
embodiment, there are four lines of air ports 168 (only four air ports are visible in Figs. 6-
13) disposed around the single transverse roll 126. Two lines of air ports 168 are disposed
behind each line of vacuum ports 166 (relative to the direction of rotation of the single
transverse roll 126). The single transverse roll 126 can include any number air ports 168
arranged in any manner desired on the single transverse roll 126, including the manners
described above with reference to the air ports 156 on the anvil roll 122. In those
embodiments employing air ports 168 arranged in lines, the lines of air ports 168 can also
be positioned in any orientation with respect to one another.

In the illustrated embodiment, the cutting roll axis 134, the anvil roll axis 142, and
the single transverse roll axis 162 are substantially vertically aligned with one another. In
other embodiments, the cutting roll 118, anvil roll 122, and single transverse roll 126 can
be arranged in any other manner still providing a nip between the cutting roll 118 and the
anvil roll 122, and a nip between the anvil roll 122 and the single transverse roll 126. By
way of example only, the axes 134, 142, 162 of the three rolls 118, 122, 126 can be
substantially horizontally aligned with one another or can be arranged to define an L. or V-
shape.

The single and double transverse rolls 126, 130 in the illustrated embodiment
define a nip 170 therebetween through which sheets 114 pass. The double transverse roll
130 rotates about a double transverse roll axis 174 and can include one or more vacuum
ports 178 connected to a vacuum supply (not shown) for selectively providing vacuum to
the vacuum ports 178 on the double transverse roll 130,

Like the anvil roll 122 and single transverse roll 126, the double transverse roll 130
has at least one vacuum valve 131 (see Fig. 4) connected thereto. In particular, the
vacuum ports 178 of the double transverse roll 130 can be connected to a vacuum supply
(not shown) by one or more vacuum valves 131 coupled to the double transverse roll 131.
The vacuum valve 131 is operable to selectively supply vacuum to the vacuum ports 173
of the double transverse roll 130, thereby enabling vacuum force upon sheets 114 to be
applied and not applied as desired.

In some embodiments of the present invention, the vacuum ports 178 on the double
transverse roll 130 operate in a similar manner to the vacuum ports 154, 166 on the anvil
and single transverse rolls 122, 126. In the 1llustrated embodiment, the double transverse

roll 130 includes one line of vacuum ports 178 for selectively retaining a sheet 114 to the
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surface of the double transverse roll 130, although additional lines of vacuum ports 178
can be employed on the double transverse roll 130 for this purpose as desired. In some
embodiments, the double transverse roll 130 includes multiple lines of vacuum ports 178
for retaining sheets 114 thereon. The vacuum ports 178 can be located in any arrangement
anywhere around the periphery of the double transverse roll 130, including those
mentioned above with reference to the vacuum ports 154 on the anvil roll 122.

In some embodiments, the double transverse roll 130 also includes at least one air
port 180, such as one or more lines of double transverse air ports 180 disposed across the
exterior of the double transverse roll 130. The air ports 180 can be arranged 1n any
manner on the double transverse roll 130, including those described above with regard to
the air ports 156, 168 of the anvil and single transverse rolls 122, 126. The air ports 180
can operate in a similar manner to the anvil and single transverse air ports 156, 168 to
blow at least a portion of the sheets 114 off of the double transverse roll 130 at desired
times in the folding process (discussed in greater detail below). In the illustrated
embodiment, there are two lines of air ports 180 (only two air ports of which are visible
Figs. 6-13) disposed around the double transverse roll 130. The two lines of air ports 150
are disposed behind the line of vacuum ports 178 relative to the direction of rotation of the
double transverse roll 130. In those embodiments in which lines of air ports 180 are
employed, the double transverse roll 130 can include any number of lines of air ports 180.
The lines of air ports 180 can also be positioned in any orientation with respect to one
another.

In the illustrated embodiment, the double transverse roll 130 is positioned above
and to a side of the single transverse roll 126. However, the double transverse roll 130 can
be located in any position relative to the single transverse roll 122 while still defining a nip
170 therebetween. For example, the double transverse roll 130 can be positioned on either
side of the single transverse roll 126. In other embodiments, the double transverse roll 130
can be positioned above the single transverse roll 126 such that the double transverse roll
axis 174 is positioned substantially directly above the single transverse roll axis 162. In
other embodiments, the double transverse roll 130 can be positioned beside the single
transverse roll 126 such that the double transverse roll axis 174 is substantially
horizontally aligned with the single transverse roll axis 162. In still other embodiments,

the double transverse roll 130 is located at any other circumferential position of the single

transverse roll 126.
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The double transverse roll 130 in the illustrated embodiment can be employed to
generate a fold in a sheet 114 passing through the nip 170 between the single and doubie
transverse rolls 126, 130 as will be described in greater detail below. However, if such a
fold is not desired, the double transverse roll 130 can be deactivated (i.e., vacuum shut oif
to the double transverse roll 130) so that the sheet 114 will pass through the nip 170
between the single and double transverse rolls 126, 130 without being folded thereby. In
some embodiments of the present invention, the double transverse roll 130 is movable
toward and away from the single transverse roll 126 when the double transverse roll 130 1s
activated and deactivated, respectively. By way of example only the double transverse roll
130 can be mounted to one or more arms that are rotatable and/or translatable to move the
double transverse roll 130 with respect to the single transverse roll 126. As another
example, either or both ends of the double transverse roll 130 can be mounted within a
track or tracks to enable movement of the double transverse roll 130 with respect to the
single transverse roll 126. In other embodiments of the present invention, the double
transverse roll 130 remains in the same position with respect to the single transverse roll
126 in both the activated and deactivated states of the double transverse roll 130. In some
embodiments, the double transverse roll 130 rotates when activated and does not rotate
when deactivated, in which case sufficient clearance exists between the single and double
transverse rolls 126, 130 to permit sheets 114 to pass therebetween. In other
embodiments, the double transverse roll 130 is not driven but can still rotate when
deactivated (e.g., wherein the double transverse roll 130 is driven through a conventional
clutch mechanism). In still other embodiments, the double transverse roll 130 1s driven to
rotate regardless of whether vacuum 1s supplied thereto.

With further reference to Figs. 1B, 4, and 5, the illustrated embodiment of the
folder 20 also includes a belt assembly 182 and a stacking or starwheel assembly 186. The
belt assembly 182 transports sheets 114 from the double transverse nip 170 to at least one
starwheel 188 in preparation of stacking the folded sheets 114. The belt assembly 182 can
have any number of belts, such as a single belt extending to the starwheel assembly 186
and upon which folded sheets 114 are conveyed, or upper and lower belts 194, 198
traveling along respective paths at substantially similar speeds and between which folded
sheets 114 are conveyed as shown in Figs. 1B, 4, and 5. In the illustrated embodiment 1
which upper and lower belts 194, 198 are employed, the upper belt 194 travels in a
counter-clockwise direction and the lower belt 198 travels in a clockwise direction as

viewed in Figs. 1B, 4, and 5. The two belts 194, 198 have portions thereot that face one
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another (and in some embodiments are in contact with one another) to define a transport
path, indicated by arrow 202, directed toward the star wheel 186. Whether the sheets 114
conveyed by the belt assembly 182 have a single transverse fold or a double transverse
fold, the sheets 114 are captured between the belts 194, 198 and transported toward the
starwheel assembly 180.

In some embodiments, other types of conveyor systems or conveying devices can
instead be employed to move the folded sheets 114 from the folding assembly 110 to the
stacking assembly 186, such as a single continuous conveyor belt upon which folded
sheets 114 ride (and having at least a portion thereof extending from the folding assembly
110 to the stacking assembly 186), a translatable and/or rotatable arm or arms having
clamps disposed thereon for clamping the folded sheets 114 at the folding assembly 110
and placing the folded sheets 114 in the stacking assembly 186, a paddle, bucket, chain, or
tabletop conveyor, and the like. In other embodiments, the path 202 is not necessarily
horizontal (as illustrated in Figs. 1B, 4, 5, and 6-13). Specifically, the path 202 can be
oriented in any direction or combination of directions to transfer the folded sheets 114
from the folding assembly 110 to the stacking assembly 186 at any angle.

In those embodiments employing starwheels to stack the folded sheets 114 (such as
that shown in the figures), the stacking assembly 186 can include a plurality of starwheels
188 that rotate about a starwheel axis 189. Such starwheel assemblies can have any
number of starwheels 188. In some embodiments of the present invention, other types of
stacking assemblies known to those skilled in the art can be utilized with the folder 20.

The folded sheets 114 are fed into the starwheels 188 of the starwheel assembly
186 by the belts 194, 198 at the end of the transport path 202. In other embodiments, any
one or more of the other rolls 118, 122, 130 of the folding assembly are driven by a motor
or other conventional driving device, and drive the belt assembly 182. Alternatively, the
single transverse roll 126 can be driven by a motor or other conventional driving device,
and can drive the belt assembly 182 as best shown in Figs. 1B, 4, and 5. In still other
embodiments, either or both belts 194, 198 are driven by a motor or other conventional
driving device, and drive the single transverse roll 126 and/or one or more of the other
rolls in the folding assembly 110. The transmission of driving force between one or more
of the rolls 118, 122, 126, 130 and the belts 194, 198 of the belt assembly 182 can be
accomplished in a number of different manners, such as by one or more belts, chains,
gears, and other power transmission elements and assemblies. In other embodiments of

the present invention, the belt assembly 182 is independently driven. Starwheel
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assemblies and their manner of operation are well known in the art and therefore will not
be discussed further herein.

After the folded sheets 114 have been fed into the starwheel assembly 186, the
starwheels 188 of the starwheel assembly 186 rotate and place the sheets 114 onto a
conveyor system 206 or onto a platform, elevator, bucket, or other conveying device as 1s
well known to those skilled in the art. The illustrated embodiment of the folder 20 also
includes a separator assembly 210 to assist the starwheel assembly 186 in placing the
folded sheets 114 onto the conveyor system 206. In particular, the separator assembly 210
in the illustrated embodiment includes two sets of spaced-apart fingers 214 (only the end
finger of each set being visible in Figs. 1B and 5), an actuator 218 connected to each set of
fingers 214 for driving the fingers 214 into and out of the stream of folded sheets 114
issuing from the starwheels 188, at least one screw-type actuator 222 connected to each
actuator 218 for moving the actuators 218 and the fingers 214 to different vertical
positions, and a motor 226 or other conventional driving device coupled to each screw-
type actuator 222 to drive the screw-type actuators 222 in different directions. Each set of
spaced-apart fingers 214 are substantially positioned in a common plane. Rotating the
screw-type actuators 222 in one direction raises the actuators 218 and fingers 214, while
rotating the screw-type actuators 222 in an opposite direction lowers the actuators 218 and
fingers 214. It will be appreciated by one having ordinary skill in the art that the fingers
214 of the separator assembly 210 can be driven into and out of the stream of folded sheets
114 by any number of different actuators, including without limitation hydraulic or
pneumatic cylinders, rack and pinion assemblies, solenoids, magnetic rails, and the like,
any of which can be employed in the present invention. Similarly, the fingers 214 and
actuators 218 can be driven to different vertical positions in a number of other manners,
including without limitation any of the manners just described for actuating the fingers
214 into and out of the stream of folded sheets 114.

Although two sets of fingers 214 are illustrated in the figures and described above,
any number of finger sets 214 can be employed to stack the sheets 114 (e.g., even a single
set of fingers 214, such as in cases where at least part of the stack building process of each
sheet can be performed upon a conveyor or other surface below the starwheel assembly
186, thereby permitting the single set of fingers 214 to be withdrawn for later re-insertion).
Corresponding actuators 218, 222 and a corresponding motor 226 or other conventional

driving device can be employed to move each such set of fingers 214.
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With continued reference to the illustrated embodiment of the present invention,
after the starwheel assembly 186 has stacked a desired amount of sheets 114 on the
conveyor system 206 or other stacking location, a first set of fingers 214 can be moved
beneath the starwheels 188 via a first actuator 218 to a position above the stacked sheets
114. Sheets 114 can then be stacked upon the first set of fingers 214 positioned beneath
the starwheels 188 while the conveyor system 206 advances the stack of sheets 114
thereon out from beneath the starwheels 188. After the sheets 114 have been moved from
beneath the starwheels 188, the conveyor system 206 can be stopped. A first screw-type
actuator 222 corresponding to the first set of fingers 214 positioned underneath the
starwheel 188 can be rotated via a first motor 226 corresponding to the respective first
actuator 222 to lower the first actuator 218 and first set of fingers 214 to the level of the
conveyor system 206. The first actuator 218 can then move the first set of fingers 214 out
from beneath the sheets 114 stacked thereon to leave the sheets 114 on the conveyor
system 206 in a position beneath the starwheels 188. A barrier 228 prevents the stacked
sheets 114 from moving in the direction of the fingers 214 when the fingers 214 are moved
out from beneath the starwheels 188. In some embodiments, the barrier 228 includes a
plurality of slots (not shown) through which the fingers 214 can be inserted and
withdrawn. The first motor 122 then rotates the first screw-type actuator 222 in a direction
that raises and returns the first actuator 218 and the first set of fingers 214 to a position in
which the first set of fingers 214 can be moved back into the stream of sheets in or 1ssuing
from the starwheels 188. The starwheels 188 continue to stack sheets 114 upon the sheets
114 already positioned beneath the starwheels 186.

When the sheets 114 are stacked to the desired level or number, a second set of
fingers 214 can move into the stream of folded sheets 114 m or 1ssuing from the
starwheels 188 to separate the folded sheets 114. A second actuator 218, second screw-
type actuator 222, and a second motor 226 can be connected to the second set of fingers
214, all of which operate in a similar manner to the first set of fingers 214, first actuator
218, first screw-type actuator 222, and the first motor 226, respectively. In some
embodiments, the folded sheets 114 can be stacked upon the first set of fingers 214 until
the second set of fingers 214 are inserted as described above, in which case the first set of
fingers 214 can drop or otherwise transfer the completed stack thereon to the conveyor
system 206. In those embodiments of the present invention employing two or more sets of

fingers 214 for stacking the folded sheets, the sets of fingers (and their associated driving
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devices) can alternate to separate alternating stacks of folded sheets 114. This process can
be repeated for each stack of sheets 114 produced by the starwheel assembly 186.

The starwheel assembly 186 other stacking assembly 186 can be arranged to
discharge the folded sheets 114 laterally onto the conveyor 206 (i.e., with each sheet
oriented vertically) or vertically (i.e., with each sheet oriented horizontally). Alternatively,
the starwheel assembly or other stacking assembly can stack the folded sheets 114 1 any
other orientation between horizontal and vertical orientations.

In the illustrated embodiment, the folder 20 is supported on a ground surface 230.
As used herein and in the appended claims, the term "ground surface" means any natural
or man-made surface upon which the folder 20 can be supported, such as for example the
ground, a floor of a building, a frame on which the folder 20 can be mounted, and the like.

Having this described the folder 20, operation of the exemplary folder 20
illustrated in the figures will now be described with respect to converting a roll 24 of
material into folded sheets 114 of material. Referring to Figs. 1A, 2, 3, and 4, a roll 24 of
material is positioned and supported on the unwinding stand 28. Web 34 from the roll 24
is fed from the bottom of the roll 24 into the downstream components of the folder 20.
The web 34 passes around the dancer roll 54 and one or more tensioning rollers 234 to
provide the web 34 with sufficient tension within the folder 20. The web 34 then passes
through a conventional web guide 58 to adjust the lateral position of the web 34 with
respect to the folder 20. After passing beneath a guide roller 238, the web 34 passes
through the embosser 62 and then beneath another guide roller 238. The web 34 then
passes through the slitter 78 where the web 34 is slit (if desired) into a plurality of st
webs 34. Each of the slit webs 34 can then be passed beneath another guide roller 238,
through one or more synchronizing arms 98 and through a forming board 102 and creaser
106. After exiting the creasers 106, the slit webs 34 can be passed through a plurality of
guiding rollers 238 and into the folding assembly 110.

With reference to Figs. 6-13, the operation of the folding assembly 110 and the
folder 20 is described below with reference to one of the webs 34 (the only one visible in
Figs. 6-13). The second web 34 in Figs. 6-13 is located behind the illustrated web 34 and
follows a similar path through the folding assembly 110. Accordingly, the operation of the
folding assembly 110 and folder 20 with respect to the other slit webs 34 entering the
folding assembly 110 is substantially the same as that described below.

The folding assembly 110 of the illustrated embodiment can perform two types of

folds: a single transverse fold and a single and double transverse fold. In the illustrated
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embodiment, the cutting roll 118, anvil roll 122, and single transverse roll 126
continuously rotate without interruption when the folder 20 1s perfonniﬁg a single
transverse fold. The double transverse roll 130 does not rotate when the folder 20 1s
performing a single transverse fold. In the illustrated embodiment, the cutting roll 118,
anvil roll 122, single transverse roll 126, and double transverse roll 130 continuously
rotate without interruption when the folder 20 is performing single and double transverse
folds. In some embodiments of the present invention, the cutting roll 118, anvil roll 122,
single transverse roll 126, and double transverse roll 130 continuously rotate whether the
folder 20 is performing a single transverse fold or a single and double transverse fold.

In Fig. 6, the web 34 passes into the cutting nip 150, where the web 34 1s separated
into leading and trailing edges. The leading edge is drawn against the anvil roll 122 by
vacuum exerted through the anvil vacuum ports 154 (only one of which is visible in Figs.
6-13). In Fig. 7, the cutting roll 118 rotates clockwise one revolution while the anvil roll
122 rotates half of one revolution in a counter-clockwise direction with the web 34
retained against the anvil roll 122 by the vacuum force through the anvil vacuum ports
154. The rotation of the cutting and anvil rolls 118, 122 bring the web 34 into contact with
the second anvil vacuum port 154, which also draws the web 34 to the anvil roll 122, The
rotation of the cutting and anvil rolls 118, 122 also rotates the cutting blade 138 and the
anvil blade 124 of their respective rolls 118, 122 into alignment with each other to cut a
sheet 114 from the web 34. The leading edge of the sheet 114 remains in a position
retained upon the surface of the anvil roll 122 by one of the lines of anvil vacuum ports
154 (the top vacuum port 154 as illustrated in Fig. 7), while the leading edge of the
following portion of web 34 cut by the cutting blade 138 at the bottom of the anvil roll 122
in Fig. 7 is held against the anvil roll 122 by the other line of anvil vacuum ports 154 (the
bottom anvil vacuum port as illustrated in Fig. 7).

In Fig. 8, the rolls 118, 122, 126, 130 continue to rotate. More particularly, the
anvil roll 122 rotates in a counter-clockwise direction with the sheet 114 held thereagainst
by the anvil vacuum ports 154 as described above, while the single transverse roll 126
rotates in a clockwise direction. In the illustrated embodiment, a vacuum port 166 of the
single transverse roll 126 is located substantially at the middle of the sheet 114. The
position of this vacuum port 166 with respect to the sheet 114 determines where the sheet
114 will be provided with a first or single transverse fold. Therefore, the sheet 114 1n the
illustrated embodiment will be provided with a first fold near the middle of the sheet 114.
However, it should be noted that the vacuum port 166 adjacent to the sheet 114 as just
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described can instead be positioned anywhere else along the length of the sheet 114
order to provide a first fold thereto while still being within the spirit and scope of the
present invention. For example, the vacuum port 166 of the single transverse roll 126 can
be positioned near one of the ends of the sheet 114 in order to provide a single transverse
fold offset from the middle of the sheet 114. The location of folds produced by the anvil
roll 122 and single transverse roll 126 can be changed in a number of different manners.
By way of example only, vacuum can be exerted through a different vacuum port 166 on
the single transverse roll 126 such that when the different vacuum port 166 1s rotated to a
position adjacent to the sheet 114 on the anvil roll 122, the different vacuum port 166 1s
located at a different position of the sheet 114. As another example, the single transverse
roll 126 can be rotated with respect to the anvil roll 122 (or vice versa) to change the
orientation of the single transverse roll 126 with respect to the anvil roll 122. Still other
manners of adjusting the location of a fold produced by the anvil and single transverse
rolls 122, 126 are possible.

When the anvil and single transverse rolls 122, 126 are in the position illustrated n
Fig. 8, vacuum through the anvil vacuum ports 154 is shut off and vacuum through the
vacuum port 166 on the single transverse roll 126 is generated. Accordingly, the sheet 114
is no longer retained upon the anvil roll 122, but is drawn by vacuum through the vacuum
port 166 in the single transverse roll 126. In embodiments where multiple lines of vacuum
ports are used to retain the sheet 114 to the anvil roll, vacuum can be shut off to all such
lines, or at least those needed to release the sheet 114 from the anvil roll 122. Vacuum can
be selectively ported to the various vacuum ports on the anvil, single transverse, and
double transverse rolls 122, 126, 130 in a number of conventional manners, such as by one
or more vacuum valves as described above (e.g., vacuum valves 155, 127, 131 at the end
of each roll 122, 126, 130), a valve assembly located within each roll 122, 126, 130, and 1n
any other conventional manner. Vacuum valves and other assemblies and methods for
controlling and selectively porting vacuum to different desired locations on a roll and/or at
different times during the rotation of a roll are well known to those skilled in the art and
are not therefore described further herein.

The rolls 118, 122, 126, 130 continue to rotate to the position illustrated in Fig. 9.
The sheet 114 continues to be retained upon the surface of the single transverse roll 126,
thereby pulling the sheet 114 from the anvil roll 122 as the anvil and single transverse rolls
122, 126 continue to rotate. As shown in Fig. 9, this rotational movement generates a

single transverse fold in the sheet 114. In some embodiments of the present invention, a
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creasing bar, roller, or other element (not shown) adjacent to the single transverse roll 126
can be included to assist in folding the sheet 114. For example, a creasing bar can be
disposed between the anvil and single transverse rolls 122, 126 and to a side of the nip 158
between these rolls 122, 126 so that the loose end of the sheet 114 pulled from the anvil
roll 122 is drawn toward the single transverse roll 126.

The rolls 118, 122, 126, 130 in the illustrated exemplary embodiment continue to
rotate to the position illustrated in Fig. 10, where the vacuum ports 166, 178 in the single
and double transverse rolls 126, 130 are adjacent or nearest to one another with the sheet
114 disposed therebetween. As mentioned above, the folder 20 can generate sheets 114
with either single transverse folds or single and double transverse folds. In cases where
only a single transverse fold is desired, the double transverse vacuum port 178 remains
closed to vacuum while vacuum continues to be supplied to the vacuum port 166 holding
the folded sheet 114 to the single transverse roll 126. Therefore, the rolls 118, 122, 126,
130 continue to rotate to the position illustrated in Fig. 11a. At this position, the sheet 114
is approaching the belts 194, 198 that will convey the sheet 114 away from the folding
assembly 110 as described above and shown in Fig. 12a (only one of the belts 198 being
shown in Figs. 11a and 12a).

Referring to Figs. 10, 11b, 12b, and 13, the operation of the rolls 118, 122, 126,
130 for producing double-transverse folded sheets 114 is similar in many respects to the
operation of the rolls 118, 122, 126, 130 for producing si;gle-ﬁmsverse folded sheets 114.
In particular, the procedure for producing double-transverse folded sheets 114 includes the
same operations described above with refereﬁce to Figs. 6-9. However, at the stage of
operation shown in Fig. 10, vacuum is exerted through the double transverse vacuum port
178 of the double transverse roll 130 when the vacuum ports 166, 178 are aligned or are at
least sufficiently close to one another to be able to transfer the folded sheet 114 from the
single transverse roll 126 to the double transverse roll 130. In particular, vacuum 1s
supplied through a vacuum port 178 of the double transverse roll 130 while vacuum 1s
closed to the vacuum port 166 of the single transverse roll 126 retaining the folded sheet
114 upon the single transverse roll 126. Accordingly, the folded sheet 114 1s drawn
against the double transverse roll 130 rather than the single transverse roll 126 (as
discussed above with regard to the production of single transverse folds). With reference
next to Fig. 11b, the double transverse roll 130 then continues to rotate with the folded

sheet retained thereagainst.
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At a desired time or amount of rotation of the double transverse roll 130, vacuum
to the vacuum port 178 on the double transverse roll 130 is cut off, while vacuum 1is either
opened to additional (upstream) vacuum ports 166 on the single transverse roll 126 or
continues to be exerted through such additional vacuum ports 166. As a result, the sheet
114 is drawn from the double transverse roll 130 onto the single transverse roll 126 as best
shown in Fig. 12b, thereby generating another (double) transverse fold in the sheet 114.
The single transverse roll 126 continues to rotate until the sheet 114 1s conveyed between
the belts 194, 198 (only one of which is shown in Figs. 11b and 12b). Fig. 13 shows the
sheet 114 with the double transverse fold as it is transferred toward the starwheel assembly
186 via the belts 194, 198. In the illustrated embodiment, the double transverse fold of the
sheet 114 is generated at an off-center location of the sheet 114 (i.e., offset from the
middle of the sheet 114). However, like the fold generated by the anvil and single
transverse rolls 122, 126 as described above, this fold can be generated at any point of the
sheet 114, for example, at the middle of the sheet 114 or offset on another side of the
middle. Changes to the location of the double transverse fold can be made 1n any of the
manners described above with regard to the single transverse fold as applied to the single
and double transverse rolls 126, 130. After the folding process has been performed, the
sheet 114 is transferred downstream for further processing (as discussed above).

In some embodiments of the present invention the folding assembly 210 can
provide sheets 114 with a single transverse fold in another manner. Specifically, the
folding assembly 210 can create single transverse folds with the single transverse roll 126
and the double transverse roll 130 as described above rather than with the anvil roll 118
and the single transverse roll 122. In this regard, the folding assembly 210 passes the
sheet 114 through the single transverse nip 158 without providing the sheet 114 with the
single transverse fold, such as by transferring the leading edge of the sheet 114 to the
single transverse roll 122 rather than a portion of the sheet 114 between the leading and
trailing edges of the sheet 114 as illustrated in the figures. Therefore, the sheet 114 arrives
at the double transverse nip 170 without a fold. The single and double transverse rolls
126, 130 can then operate as described above (with reference to the production of a
double-transverse fold) to provide the sheet 114 with a single transverse fold.

As described above and illustrated in the figures, the sheet 114 maintains contact
with at least one of the rolls in the folding assembly 110 while the sheet 114 1s being
provided with either the single or single and double transverse folds. Also, 1t should be

noted that the manner in which both types of folds are created in the folding assembly 110
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of the present invention enables quick changeover between types of folded product run in
the folder 20, and can even enable "on-the-fly" changeover between types of folded
product based upon the ability of a user in some embodiments to change the manner in
which vacuum is ported to the first and second transverse rolls 126, 130 without stopping
the folder 20.

With reference again to Figs. 1A and 1B, some embodiments of the folder 20
according to the present invention employ an improved arrangement of folder components
that significantly simplifies assembly and maintenance of the folder 20. As mentioned in
the Background above, conventional folders typically employ one or more assemblies that
are located in a relatively high location requiring user access via ladders, personnel lifts, or
other structures. This can significantly increase the costs associated with folder assembly,
maintenance, and service.

In some embodiments of the present invention (including those 1llustrated in the
figures), the folder 20 is designed so that the subassemblies and components of the folder
20 are positioned to provide a low folder profile. In this regard, a number of the folder
subassembly and component arrangements invariably employed 1in conventional folders

are dispensed with.

More particularly, in some embodiments the roll axis 32 of the unwind stand 28
and the single transverse roll axis 162 of the folding assembly 110 are positioned a first
and second distance, respectively, from the ground surface 230. In some embodiments,
the vertical distance between the roll axis 32 of the unwind stand 28 and the ground
surface 230 is no greater than 1.3 times the distance between the roll axis 162 of the single
transverse roll 126 and the ground surface 230 (wherein the ground surface 126 1s a
common or substantially common reference elevation). In other embodiments, the vertical
distance between the roll axis 32 of the unwind stand 28 and the ground surface 230 1s no
greater than 1.2 times the distance between the roll axis 162 of the single transverse roll
126 and the ground surface 230. In still other embodiments, the vertical distance between
the roll axis 32 of the unwind stand 28 and the ground surface 230 is no greater than 1.1
times the distance between the roll axis 162 of the single transverse roll 126 and the
ground surface 230.

Similarly, in some embodiments the vertical distance between the roll axis 162 of
the single transverse roll 126 and the ground surface 230 is no greater than the distance
between the roll axis 32 of the unwind stand 28 and the ground surtace 230. In other

embodiments, the vertical distance between the roll axis 162 of the single transverse roll
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126 and the ground surface 230 is no greater than 1.1 times the distance between the roll
axis 32 of the unwind stand 28 and the ground surface 230. In still other embodiments, the
vertical distance between the roll axis 162 of the single transverse roll 126 and the ground
surface 230 is no greater than 1.2 times the distance between the roll axis 32 of the unwind
stand 28 and the ground surface 230.

By employing the above-described height ratios between the roll axis 32 of the
unwind stand 28 and the roll axis 162 of the single transverse roll 126, a relatively low-
profile folder 20 providing significant assembly, maintenance, and service advantages.

In some embodiments of the present invention, the vertical distance between the
roll axis 162 of the single transverse roll 126 and the ground surface 230 is no greater than
the distance between the axis 189 of the starwheel assembly 186 and the ground surface
230. In other embodiments, the vertical distance between the roll axis 162 of the single
transverse roll 126 and the ground surface 230 is no greater than 1.2 times the distance
between the axis 189 of the starwheel assembly 186 and the ground surface 230. In still
other embodiments, the vertical distance between the roll axis 162 of the single transverse
roll 126 and the ground surface 230 is no greater than 1.5 times the distance between the
axis 189 of the starwheel assembly 186 and the ground surtace 230.

Like the above-described height relationship between the single transverse roll 126
and the unwind stand 28, employing the above-described height ratios between the axis
189 of the starwheel assembly 186 and the roll axis 162 of the single transverse roll 126
results in a relatively low-profile folder 20 providing significant assembly, maintenance,
and service advantages.

In some embodiments of the present invention, the vertical distance between a top
roll 66 of the embosser 62 and the ground surface 230 1s no greater than 1.3 times the
vertical distance between the roll axis 162 of the single transverse roll 126 and the ground
surface 230. In other embodiments, the vertical distance between the top roll of the
embosser 62 and the ground surface 230 is no greater than 0.9 times the vertical distance
between the roll axis 162 of the single transverse roll 126 and the ground surtace 230. In
still other embodiments, the vertical distance between the top roll of the embosser 62 and
the ground surface 230 is no greater than 0.8 times the vertical distance between the roll
axis 162 of the single transverse roll 126 and the ground surface 230.

Also, in some embodiments of the present invention, the vertical distance between
the axes of the creaser rolls 66 (and in some cases, the axis of at least one of the creaser

rolls 66) and the ground surface 230 1s no greater than 0.9 times the vertical distance
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between the roll axis 162 of the single transverse roll 126 and the ground surface 230. In
other embodiments, the vertical distance between the axes of the creaser rolls 66 (and in
some cases, the axis of at least one of the creaser rolls 66) and the ground surface 230 1s no
greater than 0.7 times the vertical distance between the roll axis 162 of the single
transverse roll 126 and the ground surface 230. In still other embodiments, the vertical
distance between the axes of the creaser rolls 66 (and in some cases, the axis of at least
one of the creaser rolls 66) and the ground surface 230 is no greater than 0.5 times the
vertical distance between the roll axis 162 of the single transverse roll 126 and the ground
surface 230.

Regardless of whether employed in conjunction with the height relationships
between the single transverse roll 126 and the unwind stand 28 and starwheel assembly
186 as described above, the above-described height relationships between the single
transverse roll 126 and the top roll 66 of the embosser 62 and the creasers 66 can also
provide significant assembly, maintenance, and service advantages. In addition, when
employed in conjunction with a bottom-fed folding assembly 110 (e.g., when the web 1s
supplied to the folding assembly 110 at a bottom location thereof) and/or with creasers 66
that are fed from above as shown in the figures, the profile of the folder 20 according to
the present invention can be significantly reduced.

The embodiments described above and illustrated in the figures are presented by
way of example only and are not intended as a limitation upon the concepts and principles
of the present invention. As such, it will be appreciated by one having ordinary skill in the
art that various changes in the elements and their configuration and arrangement are
possible without departing from the spirit and scope of the present invention as set forth in

the appended claims.
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Claims:

1. A folder, comprising:

a first folding roll having a blade for cutting a web of material into sheets;
5 a second folding roll having at least one vacuum port through which vacuum can
be selectively supplied to retain the sheets on the second folding roll, the first and second
folding rolls defining a first nip therebetween; and

a third folding roll having at least one vacuum port through which vacuum can be
selectively supplied to retain the sheets to the third folding roll, the second and third
10  folding rolls defining a second nip therebetween,

the first and second folding rolls rotatable to advance sheets from the first nip
through the second nip, the first and second folding rolls rotatable to create folds in sheets
passed through the first nip by vacuum selectively supplied to the at least one vacuum port
in the second folding roll, and
15 the second and third folding rolls rotatable to create folds in sheets passed through
the second nip by vacuum selectively supplied to the vacuum ports in the second and third
folding rolls,

the folder having a first mode of operation in which vacuum is selectively supplied
to the first, second, and third folding rolls to create a first fold in sheets passed through the
20  first nip and a second fold in sheets passed through the second nip, and a second mode of
operation in which a single fold is created in sheets passed through the first and second

nips.

2. The folder as claimed in claim 1, further comprising a fourth roll having a blade

25  cooperating with the first folding roll to cut the web of material into sheets.

3. The folder as claimed in claim 1, wherein the first folding roll has at least one
vacuum port through which vacuum can be selectively supplied to retain the sheets to the

first folding roll.

30

4, The folder as claimed in claim 1, wherein sheets passing through the second nip
remain on the second folding roll without transferring to the third folding roll in the

second mode of operation.
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5. The folder as claimed in claim 1, wherein vacuum is selectively supplied to the
first and second folding rolls to create folds in sheets passing through the first and second

folding rolls in the first mode of operation.

6. The folder as claimed in claim 5, wherein vacuum is selectively supplied to the
first and second folding rolls to create folds in sheets passing through the first and second

folding rolls in the second mode of operation.

7. The folder as claimed in claim 1, wherein vacuum 1s supplied through the at least

one port in the third folding roll only in the first mode of operation.

8. The folder as claimed in claim 1, wherein the first folding roll rotates about a first
axis, the second folding roll rotates about a second axis, and the third folding roll rotates
about a third axis, the second axis being disposed at a higher elevation than the first axis,

and the third axis being disposed at a higher elevation than the second axis.

9. The folder as claimed in claim 8, wherein the second and third axes are

substantially vertically aligned.

10.  The folder as claimed in claim 1, wherein the first, second, and third folding rolls
at least partially define a set of folding rolls arranged to receive the web at a bottom
Jocation of the set of folding rolls and to discharge the web at a top location of the set of

folding rolls.

11.  The folder as claimed in claim 1, wherein vacuum supplied to the second folding
roll is adjustable to change a location of folds created by the first and second folding rolls

in sheets passing through the first nip.

12.  The folder as claimed in claim 1, wherein vacuum supplied to the third folding roll
is adjustable to change a location of folds created by the second and third folding rolls in

sheets passing through the second nip.
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13. A folder for folding a sheet of material, the folder comprising:

a first folding roll rotatable about a first axis;

a second folding roll adjacent to the first folding roll and rotatable about a second
axis, the first and second folding rolls defining a first nip therebetween;

a first valve operable to selectively supply vacuum to a surface of the second
folding roll to draw the sheet of material to the second folding roll, the sheet at least
partially transferable from the first folding roll to the second folding roll to provide the
sheet with a first fold;

a third folding roll adjacent to the second folding roll and rotatable about a third
axis, the second and third folding rolls defining a second nip therebetween; and

a second valve operable to selectively supply vacuum to a surface of the third
folding roll to draw the sheet of material to the third folding roll, the sheet at least partially
transferable from the second folding roll to the third folding roll to provide the sheet with a
second fold, the second valve controllable to draw the sheet from the second roll in a first

state and to leave the sheet on the second roll in a second state.

14.  The folder as claimed in claim 13, further comprising a fourth folding roll adjacent
to the first folding roll and rotatable about a fourth axis, the fourth folding roll having a

blade positioned to cut and create the sheet in rotation of the fourth folding roll.

15.  The folder as claimed in claim 13, further comprising a third valve operable to

selectively supply vacuum to a surface of the first folding roll to draw the sheet of material

to the first folding roll.

16.  The folder as claimed in claim 13, wherein the sheet passing through the second
nip remains on the second folding roll without transferring to the third folding roll in the

second state.

17.  The folder as claimed in claim 13, wherein vacuum is selectively supplied to the
first and second folding rolls to create folds in sheets passing through the first and second

folding rolls in the first state.
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18.  The folder as claimed in claim 17, wherein vacuum is selectively supplied to the

first and second folding rolls to create folds in sheets passing through the first and second

folding rolls in the second state.

19.  The folder as claimed in claim 13, wherein vacuum is supplied to the surface ot the

third folding roll only in the first state.

20.  The folder as claimed in claim 13, wherein the second axis is disposed at a higher

elevation than the first axis and the third axis is disposed at a higher elevation than the

second axis.

21. The folder as claimed in claim 13, wherein the second and third axes are

substantially vertically aligned.

22. The folder as claimed in claim 13, wherein the first, second, and third folding rolls
at least partially define a set of folding rolls arranged to receive the sheet at a bottom

location of the set of folding rolls and to discharge the sheet at a top location of the set of

folding rolls.

23.  The folder as claimed in claim 13, wherein vacuum supplied to the surface of the
second folding roll is adjustable to change a location of folds created by the first and

second folding rolls in the sheet passing through the first nip.

24.  The folder as claimed in claim 13, wherein vacuum supplied to the surface of the
third folding roll is adjustable to change a location of folds created by the second and third
folding rolls in the sheet passing through the second nip.
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25. A folder for folding a sheet of material, the folding comprising:

a first folding roll;

a second folding roll adjacent the first folding roll;

a third folding roll adjacent the second folding roll;

a first nip defined between the first and second folding rolls;

a second nip defined between the second and third folding rolls;

a first vacuum valve coupled to the second folding roll and operable to selectively
supply vacuum to a surface of the second folding roll;

a second vacuum valve coupled to the third folding roll and operable to selectively
supply vacuum to a surface of the third folding roll;

the folder having a first state in which vacuum is supplied by the first vacuum
valve to the second folding roll to generate sheets having single transverse folds exiting
the folder, and a second state in which vacuum is supplied by the first and second vacuum
valves to the second and third folding rolls, respectively, to generate sheets having double

transverse folds exiting the folder.

26. A method of folding sheets of material, the method comprising:

retaining sheets upon a surface of a first folding roll;

advancing the sheets upon the surface of the first folding roll to a first nip defined
between the first folding roll and a second folding roll adjacent the first folding roll;

supplying vacuum to a surface of the second folding roll;

transferring the sheets from the first folding roll to the second folding roll via the
vacuum supplied to the surface of the second folding roll;

folding each sheet by transferring the sheets from the first folding roll to the second
folding roll;

advancing the folded sheets upon the surface of the second folding roll to a second
nip defined between the second folding roll and a third folding roll;

passing the folded sheets through the second nip between the second folding roll
and the third folding roll, the folded sheets being retained on the second folding roll
without being drawn to the third folding roll;

supplying vacuum to a surface of the third folding roll;

drawing other sheets from the second folding roll to the third folding roll;

releasing the other sheets from the third folding roll; and
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folding each of the other sheets by drawing and releasing the other sheets by the
third folding roll.

27.  The method as claimed in claim 26, further comprising cutting the sheets from web

material prior to advancing the sheets upon the surface of the first folding roll.

28.  The method as claimed in claim 26, further comprising supplying vacuum to the
surface of the first folding roll while advancing the sheets upon the surface of the first

folding roll.

29.  The method as claimed in claim 26, wherein the first folding roll is rotatable about
a first axis, the second folding roll is rotatable about a second axis, and the third folding
roll is rotatable about a third axis, the second axis being at a higher elevation than the first
axis and the third axis being at a higher elevation than the second axis, the method further
comprising advancing sheets from an elevation at the first nip to a higher elevation at the

second nip.

30. The method as claimed in claim 29, wherein the second and third axes are
substantially vertically aligned, and wherein advancing sheets from an elevation at the first
nip to a higher elevation at the second nip further includes advancing sheets from an
elevation at the first nip to a higher elevation at the second nip disposed substantially

vertically over the first nip.

31.  The method as claimed in claim 26, further comprising:
feeding web material to the first folding roll at a first elevation; and
discharging sheets from the third folding roll at a second elevation higher than the

first elevation.

32.  The method as claimed in claim 26, further comprising:
adjusting timing of vacuum supplied to the surface of the second folding roll; and
changing locations of folds in the sheets by adjusting timing of vacuum supplied to

the surface of the second folding roll.
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33,  The method as claimed in claim 26, further comprising:
adjusting timing of vacuum supplied to the surface of the third folding roll; and
changing locations of folds in the other sheets by adjusting timing of vacuum

supplied to the surface of the third folding roll.

34, A method of folding sheets of material, the method comprising:

retaining sheets upon a surface of a first folding roll;

advancing the sheets upon the surface of the first folding roll to a first nip defined
between the first folding roll and a second folding roll adjacent the first folding roll;

supplying vacuum to a surface of the second folding roll;

transferring the sheets from the first folding roll to the second folding roll via the
vacuum supplied to the surface of the second folding roll, the sheets being transferred to
the second folding roll without folding the sheets;

advancing the sheets upon the surface of the second folding roll to a second nip
defined between the second folding roll and a third folding roll;

supplying vacuum to a surface of the third folding roll;

drawing the sheets from the second folding roll to the third folding roll;

releasing the sheets from the third folding roll;

folding each of the sheets by drawing and releasing the sheets by the third folding
roll;

supplying vacuum to the surface of the first folding roll;

transferring other sheets from the first folding roll to the second folding roll via the
vacuum supplied to the surface of the second folding roll;

folding each of the other sheets by transferring the other sheets from the first
folding roll to the second folding roll;

advancing the other sheets upon the surface of the second folding roll to the second
nip between the second folding roll and the third folding roll;

supplying vacuum to the surface of the third folding roll;

drawing the other sheets from the second folding roll to the third folding roll;

releasing the other sheets from the third folding roll; and

folding each of the other sheets again by drawing and releasing the sheets by the

third folding roll.
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35.  The method as claimed in claim 34, further comprising cutting the sheets from web

material prior to advancing the sheets upon the surface of the first folding roll.

36.  The method as claimed in claim 34, further comprising supplying vacuum to the

surface of the first folding roll while advancing the sheets upon the surface of the first

folding roll.

37.  The method as claimed in claim 34, wherein the first folding roll is rotatable about
a first axis, the second folding roll is rotatable about a second axis, and the third folding
roll is rotatable about a third axis, the second axis being at a higher elevation than the first
axis and the third axis being at a higher elevation than the second axis, the method further
comprising advancing sheets from an elevation at the first nip to a higher elevation at the

second nip.

38. The method as claimed in claim 37, wherein the second and third axes are
substantially vertically aligned, and wherein advancing sheets from an elevation at the first
nip to a higher elevation at the second nip further includes advancing sheets from an
elevation at the first nip to a higher elevation at the second nip disposed substantially

vertically over the first nip.

39.  The method as claimed in claim 34, further comprising:
feeding web material to the first folding roll at a first elevation; and

discharging sheets from the third folding roll at a second elevation higher than the

first elevation.

40.  The method as claimed in claim 34, further comprising:
adjusting timing of vacuum supplied to the surface of the second folding roll; and

changing locations of folds in the sheets by adjusting timing of vacuum supplied to

the surface of the second folding roll.

41.  The method as claimed in claim 34, further comprising:
adjusting timing of vacuum supplied to the surface of the third folding roli; and
changing locations of folds in the other sheets by adjusting timing of vacuum

supplied to the surface of the third folding roll.



CA 02500279 2005-03-24

WO 2004/028936 PCT/US2003/029917

10

15

25

30

35.

42. A folder for folding a sheet of material, the folder being supportable on a ground
surface, the folder comprising:

an unwinding stand for rotatably supporting a roll of wound material about
a first axis, the first axis located a first vertical distance from the ground surface;

a first folding roll;

a second folding roll rotatable about a second axis, the first and second
folding rolls defining a first nip therebetween and being rotatable to create folds in sheets
passing through the first nip, the second axis located a second vertical distance from the
ground surface, the second vertical distance being no greater than 1.2 times the first

vertical distance.

43.  The folder as claimed in claim 42, wherein the second vertical distance 1s no

greater than 1.1 times the first vertical distance.

44.  The folder as claimed in claim 42, wherein second vertical distance 1s no greater

than the first vertical distance.

45.  The folder as claimed in claim 42, further comprising an embosser having an
embossing roll rotatable about a third axis, the third axis located a third vertical distance
from the ground surface, the third vertical distance being no greater than the 1.3 times the

second vertical distance.

46.  The folder as claimed in claim 42, further comprising an embosser having an
embossing roll rotatable about a third axis, the third axis located a third vertical distance
from the ground surface, the third vertical distance being no greater than 0.9 times the

second vertical distance.

47.  The folder as claimed in claim 42, further comprising an embosser having an
embossing roll rotatable about a third axis, the third axis located a third vertical distance
from the ground surface, the third vertical distance being no greater than 0.8 times the

second vertical distance.
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48.  The folder as claimed in claim 42, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.9 times the second vertical distance.

49.  The folder as claimed in claim 42, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.7 times the second vertical distance.

50.  The folder as claimed in claim 42, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.5 times the second vertical distance.

51. A folder for folding a sheet of material, the folder being supportable on a ground
surface, the folder comprising:

an unwinding stand for rotatably supporting a roll of wound material about
a first axis, the first axis located a first vertical distance from the ground surface;

a first folding roll; and

a second folding roll rotatable about a second axis, the first and second
folding rolls defining a first nip therebetween and being rotatable to create folds in sheets
passing through the first nip, the second axis located a second vertical distance from the
ground surface, the first vertical distance being no greater than 1.3 times the second

vertical distance.

52.  The folder as claimed in claim 51, wherein the first vertical distance 1s no greater

than 1.2 times the second vertical distance.

53.  The folder as claimed in claim 51, wherein the first vertical distance 1s no greater

than 1.1 times the second vertical distance.

54.  The folder as claimed in claim 51, further comprising an embosser having an
embossing roll rotatable about a third axis, the third axis located a third vertical distance

from the ground surface, the third vertical distance being no greater than the 1.3 times the

second vertical distance.
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55.  The folder as claimed in claim 51, further comprising an embosser having an
embossing roll rotatable about a third axis, the third axis located a third vertical distance

from the ground surface, the third vertical distance being no greater than 0.9 times the

second vertical distance.

56.  The folder as claimed in claim 51, further comprising an embosser having an
embossing roll rotatable about a third axis, the third axis located a third vertical distance
from the ground surface, the third vertical distance being no greater than 0.8 times the

second vertical distance.

57.  The folder as claimed in claim 51, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.9 times the second vertical distance.

58.  The folder as claimed in claim 51, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.7 times the second vertical distance.

59.  The folder as claimed in claim 51, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.5 times the second vertical distance.

60. A folder for folding sheets of material, the folder being supportable on a ground
surface, the folder comprising:

a folding roll rotatable about a first axis and at least partially assisting in
creating a fold in the sheets, the first axis located a first vertical distance from the ground

surface; and

a starwheel rotatable about a second axis and operable to stack the sheets,
the second axis located a second vertical distance from the ground surface, the second

vertical distance being no greater than the first vertical distance.

61.  The folder as claimed in claim 60, wherein the first vertical distance is no greater

than 1.2 times the second vertical distance.
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62.  The folder as claimed in claim 60, wherein the first vertical distance 1s no greater

than 1.5 times the second vertical distance.

63.  The folder as claimed in claim 60, further comprising an embosser having an

embossing roll rotatable about a third axis, the third axis located a third vertical distance
from the ground surface, the third vertical distance being no greater than 1.3 times the first

vertical distance.

64.  The folder as claimed in claim 60, further comprising an embosser having an
embossing roll rotatable about a third axis, the third axis located a third vertical distance

from the ground surface, the third vertical distance being no greater than 0.9 times the first

vertical distance.

65.  The folder as claimed in claim 60, further comprising an embosser having an
embossing roll rotatable about a third axis, the third axis located a third vertical distance
from the ground surface, the third vertical distance being no greater than 0.8 times the first

vertical distance.

66.  The folder as claimed in claim 60, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.9 times the first vertical distance.

67.  The folder as claimed in claim 60, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.7 times the first vertical distance.

68.  The folder as claimed in claim 60, further comprising a creaser roll rotatable about
a third axis, the third axis located a third vertical distance from the ground surface, the

third vertical distance being no greater than 0.5 times the first vertical distance.
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FIG. 4
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FIG. 114
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FIG. 11B
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FIG. 12A
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