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(57) Abrege(suite)/Abstract(continued):
alternately spaced gripper and tucker assemblies interact to grip, carry, and release a sheet material in a manner so as to generate

an Interfolded stack of sheet material. The folding machine further includes a phase adjustment assembly configured adjust the
location of the fold In the sheet material, to locate the fold In a proper position on the sheet relative to the leading end of the
successive sheet. The phase adjustment assembly generally includes a first helical gear that moves along an axial direction, and an
Input device configured to cause the axial movement of the first gear so as to cause a change In phasing and a change in location

of the fold In the sheet material.
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ABSTRACT OF THE DISCLOSURE

[0036] A folding machine includes a first folding roll with a series of the gripper
assemblies and a series of tucker assemblies uniformly and alternately spaced to interact with
a series of gripper and tucker assemblies of an adjacent second folding roll. The series of
alternately spaced gripper and tucker assemblies interact to grip, carry, and release a sheet
material in a manner so as to generate an interfolded stack of sheet material. The folding
machine further includes a phase adjustment assembly configured adjust the location of the
fold in the sheet material, to locate the fold in a proper position on the sheet relative to the
leading end of the successive sheet. The phase adjustment assembly generally includes a
first helical gear that moves along an axial direction, and an input device configured to cause
the axial movement of the first gear so as to cause a change in phasing and a change 1n

location of the fold in the sheet material.
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ASSEMBLY FOR AND METHOD OF ADJUSTING THE PHASING OF FOLDING
ROLLS TO CREATE A FOLD IN SHEETS OF MATERIAL

FIELD OF THE INVENTION

[0002] This invention generally relates to an interfolding machine for interfolding
sheets of material, and more specifically, to an intertfolding machine that includes folding
rolls having a timing assembly configured to allow adjustments 1n the phasing between the

folding rolls while the interfolding machine 1s running.

BACKGROUND OF THE INVENTION

[0003] Folding of web or sheet material (e.g., paper, napkins, paper towels, tissue,
etc.) 1s frequently performed using a pair ot folding rolls that have interacting mechanical
gripper and tucker assemblies. The gripper and tucker assemblies are uniformly spaced
around a circumference of each respective folding roll to interact with one another so as to
interfold the sheets of material. The tucker assemblies on one roll interact with the gripper

assemblies of the adjacent roll, and vice versa, to alternately grip and tuck successive sheets
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of material fed between the rolls. As the rolls rotate, the gripper assemblies carry and release
the folded sheets of material to create a zigzagged interfolded stack of sheets. The folding
rolls rotate in a specified timed or phased manner to provide the desired function of folding
the sheets at a desired location so as to create the zigzag interfolded stack of sheets, and to
ensure that the grippers and tuckers engage the sheet and each other in a desired position. In
order to adjust the timing or phasing between the rolls, the interfolding machine is stpped
and an operator rotates one of the folding rolls to adjust its position relative to the other, to

provide the desired phasing between the rolls.

[0004] The folding rolls of known interfolding machines are normally gear driven
from a drive system that also drives other components of the machine. The phasing between
the folding rolls controls the location of the fold in the sheet, as well as the position of
engagement between the grippers and tuckers of the folding rolls. In order to adjust the
phasing between the folding rolls, it 1s necessary for an operator to stop operation of the
machine and to rotate one of the folding rolls by loosening bolts affixing a hub keyed to the

drive input journal of the folding roll. The hub 1s slotted so the folding rolls can be manually

rotated.

[0005] However, known folding machinery has several drawbacks. For example, known
folding machinery requires that adjustments be made to the phasing of the gear drives of the folding
rolls in order to provide the fold crease 1n the desired location on the sheet and to adjust the relative

positions of the folding rolls. These phasing adjustments require the operator to shutdown the
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machinery, disassemble the gear drives, and make adjustments on a trial and error basis. These

adjustments are costly, cumbersome and time consuming,

SUMMARY OF THE INVENTION

[0006] In accordance with the present invention, there 1s provided an interfolding
machine configured to interfold sheet material, which generally includes a first folding roll
and a second folding roll disposed adjacent the first roll. The first and second rolls are
configured to provide a fold or crease in the sheet material. The folding machinery further
includes an upstream roll, such as a lap roll, and a phase adjustment assembly or apparatus
having a helical drive gear interconnected with the at least one of the folding rolls and the
upstream roll, and an input arrangement having at least one helical input gear that is engaged
with the helical drive gear. The helical input gear is operable to move along an axial
direction relative to the longitudinal axes of the folding rolls. The helical drive gear is
connected to the folding roll such that axial movement of the helical input gear causes an
adjustment in the rotational position of the folding roll through the helical drive gear, which
thereby adjusts the phasing between the folding rolls and the upstream portion of the
machine where lapping and cutting of the sheets occurs, while the interfolding machine is in
operation. The adjustment in the phasing of the folding rolls causes an adjustment in the
relative positions of the grippers and tuckers relative to the upstream portion of the machine
that supplies the sheets to the folding rolls, and thereby in the location of the fold or crease in

the sheet material created by operation of the grippers and tuckers.
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[0007] A first roll, which is one of the folding rolls, is preferably mounted on a first
shaft and a second roll, which is an upstream roll such as a lap roll, 1s preferably mounted on
a second shaft. A helical drive gear is connected to each of the first and second shafts. The
phase adjustment assembly may include a first drive gear that 1s mounted to the first shaft
and a second drive gear that is mounted to the second shaft. An input arrangement includes a
pair of axially movable input gears that are engaged with the first and second drive gears,
and an input device configured to cause axial movement of the pair of axially movable mput
gears. Such axial movement of the input gears alters the axial position of engagement
between the input gears and the drive gears, and the helical orientation of the gear teeth
causes rotation of the first and second shafts, and thereby the first and second rolls, to adjust

the phasing between the first and second rolls while the machine 1s running.

[0008] In one form, the input device includes an adjustment actuator that includes a
handwheel, and a shaft coupling the handwheel to the input gears such that adjustment of the
adjustment handwheel causes axial movement of the shaft and the-inpuf gears. The mput
device further includes a locking device configured to secure the position of the shait and the
input gears in a desired position. The shaft includes a threaded adjustment feature that is

operable to vary the position of the input gears upon rotation of the shaft.

[009]) In accordance with another aspect of the invention, an interfolding machine
includes a first rotating folding roll and a second rotating folding roll configured to create a

fold in a sheet moving between the rolls. The folding machine further includes one or more

4
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upstream rolls, such as a lap roll, that supply sheets to the folding rolls, and a phase
adjustment assembly having a helical drive gear interconnected with one of the rolls, and an
axially movable helical input gear engaged with the helical drive gear. Axial movement of
the helical input gear causes rotation of the roller through the drive gear, to adjust phasing
between one of the upstream rolls and the folding rolls while the machine is running, to alter

the location of the fold in the sheet material.

[0010] In accordance with a further aspect of the present invention, there is provided a
method of adjusting the phase of a first roll relative to a second roll of an interfolding
machine configured to provide a fold in a sheet of material. The method comprises the acts
of providing a first folding roll driven by a first gear, which interacts with a second folding
roll to provide a fold in a sheet of material. The phasing between the first roll, which may be
an upstream roll such as a lap roll, 1s adjusted relative to the second roll, which may be one
of the folding roll, by carrying out the act of adjusting the relative positions of the rolls
during operation while the rolls are rotating. The act of adjusting the relative positions of the
rolls 1s carried out via a helical drive gear that rotates with at least one of the rolls, in
combination with an axially movable‘hélical input gear that is engaged with the helical drive
gear. The act of adjusting the relative positions of the rolls is carried out by axially moving
the helical input gear, such as by operation of a handwheel, which causes rotational
movement of the helical drive gear and thereby rotation of the first roll relative to the second

roll to shift the phasing between the first and second rolls.
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[0011] Other objects, features, and advantages of the invention will become apparent
to those skilled in the art from the following detailed description and accompanying
drawings. It should be understood, however, that the detailed description and specific
examples, while indicating preferred embodiments of the present invention, are given by way
of illustration and not of limitation. Many changes and modifications may be made within

the scope of the present invention without departing from the spirit thereof, and the invention

includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Preferred exemplary embodiments of the invention are illustrated in the

accompanying drawings in which like reference numerals represent like parts throughout. In

the drawings:

[0013] FIG. 1 1s an isometric view of an interfolding machine employing a roll phase

adjustment assembly in accordance with the present invention.

[0014] FIG. 2 is a schematic side elevation view of the interfolding machine as shown
in FIG. 1.
[0015] FIG. 3 is a detailed top plan view, partially in section, showing the roll phase

adjustment assembly in a first position.
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(0016} FIG. 4 is view similar to FIG. 2, showing the roll phase adjustment assembly in

a second position to adjust the phasing between the rolls.

[0017] FIG. S is an exploded isometric view of the input or actuator assembly

incorporated in the roll phase adjustment assembly or FIGS. 3 and 4.

[0018] FIG. 6 is a detailed schematic diagram similar to FIG. 2, showing operation of

the folding rolls to form a fold or crease in a sheet of material at a first position.

[0019] FIG. 7 is a detailed schematic diagram similar to FIGS. 2 and 6, showing

adjustment in the position of the fold or crease in the sheet of material using the roll phase

adjustment assembly of present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

1. Folding Machine

[0020] Referring to FIGS. 1 and 2, an interfolding machine 25 is operable to convert a
web of material 30 into a stack of intérfolded sheets of material shown at 32. Interfolding
machine 25 incorporates folding rolls incorporating the folding roll phase adjustment
assembly of the present invention, and generally includes a first pull roll 35 and a second
pull roll 40 that receive the web of material 30 along a path (illustrated by an arrow 42 in
FIG. 2) from a supply roll (not shown) into the interfolding machine 20. The first and

second pull rolls 35 and 40 define a nip through which the web of material 30 passes, and
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function to unwind the web of material 30 and feed the web of material 30 in a path
(1llustrated by an arrow 44 in FIG. 2) toward a nip defined between second pull roll 40 and a
bed roll 45. The web of material 30 is then advanced by bed roll 45 toward a knife roll 50.
In a manner as 1s known, the knife roll 50 cuts the web of material 30 into sheets, each of
which has a predetermined length, and the bed roll 45 carries the sheets of material along a
path (1llustrated by arrow 52 in FIG. 2) toward and through a nip defined between bed roll 45
and a retard roll 55, which rotates at a slower speed of rotation than the bed roll 45. Ina
manner as explained in U.S. Patent No. 7,407,171, the retard roll 55 cooperates with a nip
roller assembly 60 (FIG. 2) to form an overlap between the consecutive sheets of material.

The retard roll 55 carries the overlapped sheets of material along a path (illustrated by arrow

68 1n FIG. 2) to a lap roll 65.

[0021] The lap roll 65 works 1n combination with a count roll 75 to eliminate the
overlap between adjacent sheets of material at a predetermined sheet count, so as to create a
separation in the stack 32 of interfolded sheets discharged from the interfolding machine 25.
The lap roll 65 carries the overlapped sheets of sheet material 30 along a path (illustrated by
arrow 78 in FI1G. 2) toward a nip defined between a first assist roll 80 and an adjacent second
assist roll 85. The first and second assist rolls 80 and 85 feed the sheets of sheet material 30

between a first folding roll 90 and a second folding roll 95.
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[0022) Referring to FIG. 2, the first and second folding rolls 90 and 95 generally
rotate in opposite directions (illustrated by arrows 96 and 98, respectively, in FIG. 2) to
receive the overlapped sheets of material 30 therebetween. The periphery of the first folding
roll 90 generally includes a series of the gripper assemblies 100 and a series of tucker
assemblies 105 uniformly and alternately spaced to interact with a series of gripper
assemblies 100 and tucker assemblies 105 of the adjacent second folding roll 95. The series
of alternately spaced gripper assemblies 100 and tucker assemblies 105 of the first and
second folding rolls 90 and 95 interact to grip, carry, and release the sheet material 30 1n a
desired manner so as to form the desired interfolded relationship in the sheets of material and
to form stack 32 of interfolded sheets. The folding rolls 90 and 95 may be driven by a drive

system 110 having a drive belt assembly 115 (FIG. 1).

[0023] As illustrated in FIG. 2, each of the gripper assemblies 100 is generally located
at a distance from the next tucker assembly 105 along the circumference of each of the first
and second folding rolls 90 and 95. The spacing between gripper assemblies 100 and tucker
assemblies 105 determines the longitudinal dimension or length between the folds in the
sheet material 30 as measured in a direction of travel (illustrated by arrows 96 and 98) of the

first and second folding rolls 90 and 95.
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[0024] The stack 32 of interfolded sheets 1s discharged from between the first and
second folding rolls 90 and 95 in a generally vertically-aligned fashion. The stack 32 of
interfolded sheets may be supplied to a discharge and transfer system (not shown), which
guldes and conveys the stack 32 from the generally vertically-aligned orientation at the
discharge of the interfolding machine 25 to a generally horizontally-aligned movement. One
embodiment of a suitable discharge and transfer system is described in U.S. Patent No.
6,712,746 entitled “Discharge and Transfer System for Interfolded Sheets,* filed May 5,

2000. Another representative discharge and transfer system 1is illustrated in U.S. Patent No.

6,865,861.
2. Phase Adjustment Assembly
[0025] FIGS. 3 and 4 show a phase adjustment assembly 20 in accordance with the

present invention, which is configured to adjust the phase of the folding roll 90 relative to the
lap roll 65, which work in concert to create a fold in a downstream sheet of material 30 at the
location of the leading edge of an upstream sheet of material 30. The phase adjustment
assembly 20 generally includes a drive train 118 with a first split helical drive gear 120, a

pair of helical input or input gears 125a and 125b, respectively, and a second split helical

10
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drive gear 130. In a manner to be explained, phase adjustment assembly further includes an
input shaft 135, an input bearing 140, a bushing 141, a threaded stud 145, an actuator or

adjustment shaft 150, a handwheel housing 1535, a handwheel 160, a locking collar 165, and

a shaft housing 170.

[0026] The adjustment shaft 150 1s configured to be selectively rotated, which results
in axial movement of the input shaft 135 through threaded stud 145. The pair of helical input
gears 125a and 125b are mounted to the input shaft 135 via input bearings 140a and 140b, so
that helical input gears 125a and 125b are rotatably supported on bearings 140a and 140b,
respectively. With this construction, rotational movement of the adjustment shaft 150

(1llustrated by arrow 173) causes axial movement of the helical input gears 125a and 125b.

[0027] The helical input gear 125a engages folding roll split helical drive gear 120,
and the helical input gear 125b engages lap roll split helical drive gear 130. Folding roll split
helical gear 120 1s connected to a shaft 180 that rotatably supports the folding roll 90.
Similarly, the lap roll split helical gear 130 1s connected to a shaft 182 that rotatably supports
the lap roll 95. Input gears 125a, 125b have a width greater that the width of split helical
drive gears 120, 130, respectively, which enables axial movement of the input gears 125a,
125b relative to the drive gears 120, 130 while maintaining engagement of input gears 125a,

125b with drive gears 120, 130, respectively.

11
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[0028] The handwheel 160 is attached or affixed to a first end 190 of the adjustment
shaft 150, which 1s rotatably supported on the frame of interfolding machine25 via
handwheel housing 155. Suitable collars and bearings, such as 200, are interposed between
adjustment shaft 150 and handwheel housing 155 to rotatably support the proximal end of
adjustment shaft 150, and fix the axial position of the shaft 150. The stud 145 is secured or
attached to the distal end 195 of the shaft 150, such as by a pin or other satisfactory
mounting arrangement, such that stud 145 rotates along with adjustment shaft 150 during
rotation of adjustment shaft 150. Stud 145 includes a threaded shank, which is engaged
within a threaded passage 197 that extends inwardly from the inner end of input shaft 135.
With this construction, rotation of adjustment shaft 150 causes axial movement of input shaft
135, which is mounted in the main frame 205 for movement in an axial -directioh (such as
174, 176) via shaft housing 170. The shaft housing 170 1s fixedly attached to the main frame
205 in any satisfactory manner, such as by fasteners that extend through fastener openings
such as 220. Shaft housing 155 includes a clamping section 207, which includes ends
provided with aligned threaded passages within which a threaded member of a lock handle
165 is received. Clamping section 1s operable 1n response to advancement of lock handle
165 to selectively clamp adjustment shaft 150, to prevent rotation of adjustment shaft 150

relative to shaft housing 1635.

[{0029] A key 210 1s received within a slot 215 1n the mput shaft 135. Key 210 is also

engaged with a keyway 212 formed in an internal passage defined by bushing 141. With this

12
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construction, key 210 functions to guide axial movement of input shaft 135 relative to shaft

housing 170, and prevents rotation of input shaft 135 relative to frame 205.

[0030] The end of input shaft opposite slot 215 has a reduced diameter, which is
configured to fit within a passage defined by bearing 140. The helical input gears 125a and
125b are mounted oﬁ the input shaft 135 via bearing 140, so that input gears 125a, 125b are
rotatable on mput shaft 135. In this manner input gears 125a, 125b function to transfer
rotary power between roller shafts 180, 182 in response to operation of drive system 110.
With this arrangement, axial movement of the helical input gears 125a and 125b along the
axial direction (such as 172, 174) functions to impart relative rotation between the folding
roll split helical drive gears 120 and 130, due to the helical configuration of the mating teeth
of input gears 125a, 125b and drive gears 120, 130, respectively. Such adjustment of the
rotational positions of helical drive gears 120 and 130 adjusts. the phasing between the

folding rolls 90 and 95 relative to the lap roll 65.

[0031] In operation, when 1t 1s desired to adjust the phase between the folding rolls 90,
95 and the lap roll 65, the operator loosens handle 165 to unlock clamping section 207. The
operator then can rotate handwheel 160 to impart rotation to adjustment shaft 150, which
causes inward or outward translation of input shaft 135 relative to frame 205, due to the
threaded connection between input shaft 135 and stud 145. Such inward and outward

movement of input shaft 135 causes axial inward and outward movement of input gears

125a, 125b, which results in adjustment in the relative rotational position between folding

13
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roll 90 and lap roll 65. This adjustment can occur during operation, such that input gears
125a, 125b continuously rotate to transfer rotary power between drive gears 120, 130 during
such axial inward or outward movement of input gears 125a, 125b. In this manner, the
location of the fold on the sheets 30 can be adjusted, e.g. to alter or correct the undesirable
fold condition shown at 185a 1n FIG. 6 and to attain a desired fold condition as shown at
185b in FIG. 7. When the desired phasing between rolls 90, 95 relative to lap roll 65 is
attained, the user re-tightens handle 165 to clamp adjustment shaft 150 against rotation, to

maintain the desired relative rotational positions of folding rolls 90, 95 relative to the lap roll

65.

[0032] A wide variety of machines or systems could be constructed in accordance
with the invention defined by the claims. Hence, although the exemplary embodiment of a
phasing assembly or phase adjustment assembly 20 in accordance with the invention will be
generally described with reference to an interfolding machine 25 for folding sheet material
30 into an interfolded, zig-zag stack 32, the application of the phaée adjustment assembly 20
can be applied to adjust phasing or timing of a wide variety of machines while in operation
and 1s not limiting on the invention. In addition, it is understood that phase adjustment
between the rolls can also be accomplished using a single helical input gear and a single

helical drive gear, to alter the rotational position of only a single one of the folding rolls.

14
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[0033] The above discussion, examples, and embodiments 1llustrate our current
understanding of the invention. However, since many variations of the invention can be
made without departing from the spirit and scope of the invention, the invention resides

wholly in the claims hereafter appended.
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CLAIMS:

1. An interfolding machine, comprising:

an upstream roll mounted for rotation with a first shaft;

first and second folding rolls configured to create a fold in each of a pair of
successively fed overlapping sheets, wherein one of the folding rolls 1s mounted for
rotation with a second shaft, wherein the first and second folding rolls are configured
to create an alternating oppositely directed fold in each of the pair of successively ted
overlapping sheets;

a first helical gear secured to the first shaft;

a second helical gear secured to the second shaft; and

phase adjustment device configured to cause rotational movement of the first
shaft through the first gear and the second shaft through the second gear to adjust the
position at which a fold is formed in one of the sheets, wherein the phase adjustment
device includes an oppositely oriented helical gear arrangement mounted on an axially
movable input shaft, wherein axial movement of the input shaft causes rotational
movement of the first and second gears through the helical gear arrangement to change
the phasing of the upstream roll relative to the folding rolls during operation of the

interfolding machine.

2. The interfolding machine as recited in claim 1, wherein the input device
includes:

a rotatable adjustment actuator; and

an adjustment shaft coupled to the adjustment actuator, wherein rotation of the
adjustment actuator causes rotation of the adjustment shaft, and wherein the rotational

movement of the adjustment shaft causes axial movement of the input shatft.

16
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3. The interfolding machine as recited in claim 2, wherein the input device fturther
includes:
a locking device configured to secure the position of the adjustment shaft

thereby the first gear.

4 The interfolding machine as recited in claim 2, wherein the adjustment actuator
1s interconnected with the input shaft via a threaded connection that causes axial

movement of the input shaft upon rotation of the adjustment actuator.

. A method of adjusting an interfolding machine, the method comprising the
steps of:

providing an interfolding machine including an upstream roll mounted for
rotation with a first shaft, and first and second folding rolls configured to create a fold
in a sheet, wherein one of the folding rolls 1s mounted for rotation with a second shaft,
wherein the upstream roll is configured to supply successive overlapping sheets to the
folding rolls and wherein the folding rolls are configured to create an alternating
oppositely directed fold in each of a pair of successively fed overlapping sheets,
wherein a first helical gear 1s secured to the first shaft and a second helical gear 1s
secured to the second shaft; and

adjusting the phasing between the upstream roll and one of the folding rolls to
alter the location of a fold in a sheet relative to an edge of an overlapping sheet by
causing relative rotational movement of the first shaft through the first gear and the
second shaft through the second gear, wherein the relative rotation between the first
shaft and the second shaft 1s caused by axially moving an oppositely oriented helical
gear arrangement engaged with the first and second helical gears by axial movement
of an 1nput shaft, wherein axial movement of the input shaft and the oppositely
oriented helical gear arrangement causes rotational movement of the first and second

helical gears through engagement of the helical gear arrangement with the first and

17
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second helical gears to alter the phasing of the upstream roll relative to one of the

folding rolls during operation of the interfolding machine.

6. The method as recited 1n claim 5, wherein the step of axially moving the input
shaft 1s carried out by operation of a rotatable adjustment actuator and an adjustment
shaft coupled to the adjustment actuator, wherein rotation of the adjustment actuator

causes rotation of the adjustment shaft, and wherein the rotational movement of the

adjustment shaft causes axial movement of the input shaft.

18
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