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(57) ABSTRACT

A sheet manufacturing method includes a conveying step of
conveying a base material sheet; and a processing step of
rotating a pair of processing rolls to sandwich a conveyance
path on which the base material sheet is conveyed, wherein
irregular portions along respective outer peripheral faces of
the processing rolls engage with each other with a clearance
to stretch the base material sheet when the base material
sheet passes between the processing rolls. In the conveying
step, the base material sheet is conveyed such that the base
material sheet contacts along the outer peripheral face of one
of the processing rolls immediately prior to passing between
the processing rolls; and the tension in the conveyance
direction applied to the base material sheet immediately
prior to reaching the outer peripheral face of the one of the
processing rolls is less than 10% of a breaking load of the
base material sheet.
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SHEET MANUFACTURING METHOD AND
PROCESSING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a sheet manufac-
turing method and a processing device, and more specifi-
cally, relates to a technique to manufacture a stretchable
sheet.

BACKGROUND ART

[0002] Various techniques have conventionally been pro-
posed to impart stretchability to sheets by subjecting them to
stretching processing. For example, FIG. 6 is a schematic
view of a sheet processing device 101. As shown in FIG. 6,
the sheet processing device 101 is provided with: a pair of
rolls 102 and 103 having a pair of engaging teeth 120 and
130 provided on the peripheral parts thereof; and tension
applying means 105 and 106 provided in front of and behind
the pair of rolls 102 and 103. When the pair of rolls 102 and
103 is rotationally driven in the directions of the arrows 202
and 203, the teeth 120 and 130 of the processing rolls 102
and 103 engage with each other with a clearance, a base
material sheet 110 is supplied to the clearance of the part
where the teeth 120 and 103 engage with each other, and the
base material sheet 110 is subjected to stretching processing
in its flow direction to be imparted with stretchability. To
more effectively impart stretchability to the base material
sheet 110, the tension applying means 105 and 106 impart
stretchability to the base material sheet 110 before and after
the processing by the rolls 102 and 103.

[0003] The tension applying means 105 is provided with:
a set of nip rolls 151 and 152 arranged upstream of the pair
of rolls 102 and 103; a non-illustrated tension detector
disposed on the conveyance path between the nip rolls 151
and 152 and the rolls 102 and 103; and a non-illustrated
controller that controls the circumferential velocity of the
nip rolls 151 and 152 based on the detection output of the
tension detector.

[0004] The tension applying means 106 is provided with:
a set of nip rolls 161 and 162 arranged downstream of the
pair of rolls 102 and 103; a non-illustrated tension detector
disposed on the conveyance path between the nip rolls 161
and 162 and the rolls 102 and 103; and a non-illustrated
controller that controls the circumferential velocity of the
nip rolls 161 and 162 based on the detection output of the
tension detector.

[0005] The pre-processing tension applied to the base
material sheet 110 by the nip rolls 151 and 152 of the tension
applying means 105 is 10 to 90%, preferably, 20 to 80% of
the breaking load of the base material sheet 110 prior to
processing in the flow direction thereof. The post-processing
tension applied to the base material sheet 110 by the nip rolls
161 and 162 of the tension applying means 106 is 5 to 80%,
preferably, 10 to 70% of the breaking load of the base
material sheet 110 prior to processing in the flow direction
thereof (for example, see Patent Literature 1).

CITATION LIST

Patent Literature

[0006] [Patent Literature 1] Japanese Patent No. 4757139
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SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0007] However, in a case where a sheet is processed as
described above, since the range of the tension applied to the
base material sheet 110 before and after processing is
limited, there is a limit to the extent of the stretchability
applicable to the base material sheet 110, so that it is difficult
to impart greater stretchability exceeding this limit.

[0008] In view of such circumstances, a problem to be
solved by the present invention is to provide a sheet manu-
facturing method and a processing device capable of impart-
ing greater stretchability to the base material sheet.

Means for Solving the Problem

[0009] To solve the above-mentioned problem, the present
invention provides a sheet manufacturing method structured
as follows:

[0010] The sheet manufacturing method is provided with:
(1) a conveying step of conveying a base material sheet; and
(ii) a processing step of rotationally driving a pair of
processing rolls arranged to sandwich a conveyance path on
which the base material sheet is conveyed, in a manner that
irregular portions formed along respective outer peripheral
faces of the processing rolls engage with each other with a
clearance to stretch the base material sheet when the base
material sheet passes between the processing rolls. In the
conveying step, the base material sheet is conveyed in a
manner that the base material sheet is in contact with and
along the outer peripheral face of one processing roll of the
processing rolls immediately prior to passing between the
processing rolls and that a tension in a conveyance direction
applied to the base material sheet immediately before the
base material sheet reaches the outer peripheral face of the
one processing roll is less than 10% of a breaking load of the
base material sheet in the conveyance direction prior to
processing.

[0011] According to the above-described method, the ten-
sion in the conveyance direction applied to the base material
sheet when the base material sheet is conveyed along the
outer peripheral face of the one processing roll can be made
to gradually decrease as the base material sheet moves away
from the engaging section where the irregular portions
engage with each other between the processing rolls to the
upstream side in the conveyance direction by using the
friction between the base material sheet and the outer
peripheral face of the one processing roll, and the tension in
the conveyance direction applied to the base material sheet
immediately before the base material sheet reaches the outer
peripheral face of the one processing roll can be decreased.
Moreover, the shrinkage of the base material sheet in the
width direction orthogonal to the conveyance direction can
be restrained by using the friction between the base material
sheet and the outer peripheral face of the one processing roll.
For this reason, compared with when stretching processing
is immediately performed at the engaging section under a
condition where tension is applied in the conveyance direc-
tion, greater stretchability can be imparted to the base
material sheet.

[0012] When the tension of the base material sheet in the
conveyance direction is less than 10% of the breaking load
of the base material sheet in the conveyance direction prior
to processing immediately before the base material sheet
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reaches the outer peripheral face of the one processing roll,
the shrinkage of the base material sheet in the width direc-
tion can be restrained more than when the pre-processing
tension of the base material sheet in the conveyance direc-
tion is not less than 10% of the breaking load of the base
material sheet in the conveyance direction prior to process-
ing, so that still greater stretchability can be imparted to the
base material sheet.

[0013] Preferably, the sheet manufacturing method is fur-
ther provided with a heating step of heating the one pro-
cessing roll so that the temperature of the outer peripheral
face of the one processing roll is not less than 10° C. and not
more than 60° C., preferably, not less than 30° C. and not
more than 60° C.

[0014] In this case, even when the conveyance speed of
the base material sheet is high, the base material sheet can
be processed without any breakage or damage occurring.
[0015] Preferably, in the conveying step, the base material
sheet is conveyed in a manner that the base material sheet is
along the outer peripheral face of the one processing roll
within a range of not less than 180° and not more than 270°
with the rotation center line of the one processing roll as the
center.

[0016] In this case, the base material sheet is conveyed a
longer distance along the outer peripheral face of the one
processing roll, and when the base material sheet is heated
by the one processing roll, the base material sheet can be
heated sufficiently, so that greater stretchability can be
imparted to the base material sheet.

[0017] Preferably, the processing rolls are supported in a
manner that the distance between the processing rolls is
changeable by moving at least one of the processing rolls. In
the processing step, the amount of engagement between the
irregular portions of the processing rolls is fixed or sup-
pressed within a predetermined range.

[0018] In this case, since the distance between the pair of
processing rolls can be increased, it is easy to thread the base
material sheet between the processing rolls for preparation
before starting the stretching processing. Since the amount
of engagement between the irregular portions of the pro-
cessing rolls are fixed or suppressed within a predetermined
range during the stretching processing, the variation in the
stretch amount of the base material sheet can be suppressed.
[0019] Moreover, to solve the above-mentioned problem,
the present invention provides a sheet processing device
structured as follows:

[0020] A sheet processing device is provided with a pair of
processing rolls arranged to sandwich a conveyance path on
which a base material sheet is conveyed, and rotating in a
manner that irregular portions formed along respective outer
peripheral faces engage with each other with a clearance. In
the sheet processing device, the base material sheet is
conveyed in a manner that the base material sheet is in
contact with and along the outer peripheral face of one
processing roll of the processing rolls immediately prior to
passing between the processing rolls, and the following are
further provided: (a) a driving roll disposed along the
conveyance path until the base material sheet reaches the
one processing roll, and rotationally driven to send out the
base material sheet; and (b) a tension control device that
controls rotation of one or both of the driving roll and the
processing rolls so that a tension in the conveyance direction
applied to the base material sheet immediately before the
base material sheet reaches the one processing roll becomes
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less than 10% of a breaking load of the base material sheet
in the conveyance direction prior to processing.

[0021] According to the above-described structure, the
tension in the conveyance direction applied to the base
material sheet when the base material sheet is conveyed
along the outer peripheral face of the one processing roll can
be made to gradually decrease as the base material sheet
moves away from the engaging section where the irregular
portions engage with each other between the processing rolls
to the upstream side in the conveyance direction by using the
friction between the base material sheet and the outer
peripheral face of the one processing roll, and the tension in
the conveyance direction applied to the base material sheet
immediately before the base material sheet reaches the outer
peripheral face of the one processing roll can be decreased.
Moreover, the shrinkage of the base material sheet in the
width direction orthogonal to the conveyance direction can
be restrained by using the friction between the base material
sheet and the outer peripheral face of the one processing roll.
For this reason, compared with when stretching processing
is immediately performed at the engaging section under a
condition where tension is applied in the conveyance direc-
tion, greater stretchability can be imparted to the base
material sheet.

[0022] When the tension of the base material sheet in the
conveyance direction is less than 10% of the breaking load
of the base material sheet in the conveyance direction prior
to processing immediately before the base material sheet
reaches the outer peripheral face of the one processing roll,
the shrinkage of the base material sheet in the width direc-
tion can be restrained more than when the pre-processing
tension of the base material sheet in the conveyance direc-
tion is not less than 10% of the breaking load of the base
material sheet in the conveyance direction prior to process-
ing, so that still greater stretchability can be imparted to the
base material sheet.

[0023] Preferably, the sheet processing device is further
provided with a heater that heats the one processing roll so
that the temperature of the outer peripheral face of the one
processing roll is not less than 10° C. and not more than 60°
C., preferably, not less than 30° C. and not more than 60° C.

[0024] In this case, even when the conveyance speed of
the base material sheet is high, the base material sheet 2 can
be processed without any breakage or damage occurring.

[0025] Preferably, in the sheet processing device, the base
material sheet is conveyed in a manner that the base material
sheet is along the outer peripheral face of the one processing
roll within a range of not less than 180° and not more than
270° with a rotation center line of the one processing roll as
the center.

[0026] In this case, the base material sheet is conveyed a
longer distance along the outer peripheral face of the one
processing roll, and when the base material sheet is heated
by the one processing roll, the base material sheet can be
heated sufficiently, so that greater stretchability can be
imparted to the base material sheet.

[0027] Preferably, the sheet processing device is further
provided with: (c) a processing roll support mechanism that
supports the processing rolls in a manner that the distance
between the processing rolls is changeable; (d) a processing
roll moving device that moves at least one of the processing
rolls; and (e) separation preventing means for disengageably
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fixing or suppressing within a predetermined range the
amount of engagement between the irregular portions of the
processing rolls.

[0028] In this case, since the distance between the pair of
processing rolls can be increased, it is easy to thread the base
material sheet between the processing rolls for preparation
prior to processing. The amount of engagement between the
irregular portions of the processing rolls during the stretch-
ing processing are fixed or suppressed within a predeter-
mined range by the separation preventing means, so that the
variation in the stretch amount of the base material sheet can
be suppressed.

Effects of the Invention

[0029] According to the present invention, greater stretch-
ability can be imparted to the base material sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a schematic view of a sheet processing
device (first embodiment).

[0031] FIG. 2 is a block diagram of the sheet processing
device (first embodiment).

[0032] FIG. 3 is an enlarged relevant part schematic view
of the sheet processing device (first embodiment).

[0033] FIGS. 4A and 4B are relevant part schematic views
of a sheet processing device (second embodiment).

[0034] FIGS. 5A and 5B are structural principle views of
a lock mechanism (second embodiment).

[0035] FIG. 6 is an explanatory view of the sheet process-
ing process.

MODE FOR CARRYING OUT THE INVENTION

[0036] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

[0037] <First embodiment> A sheet processing device 10
and a sheet manufacturing method of a first embodiment will
be described with reference to FIGS. 1 to 3.

[0038] FIG. 1 is a schematic view showing an outline
structure of the sheet processing device 10. As shown in
FIG. 1, in the sheet processing device 10, the following are
arranged from the upstream side to the downstream side in
the conveyance direction of a base material sheet 2 along a
conveyance path 3 on which the base material sheet 2 is
conveyed: a first driving roll 16; guide rolls 31 and 32; a pair
of processing rolls 12 and 14; guide rolls 33 and 34; a second
driving roll 18; guide rolls 35 and 36; a crimping roll 20 and
a nip roll 22; and a guide roll 37.

[0039] The first driving roll 16 is rotationally driven in the
direction indicated by the arrow 167 to feed out the base
material sheet 2, and conveys the base material sheet 2 in
contact with an outer peripheral face 16s of the first driving
roll 16 at the same velocity as the circumferential velocity of
the first driving roll 16. The base material sheet 2 which is
conveyed in the direction indicated by the arrow 2x passes
between the pair of processing rolls 12 and 14 via the guide
rolls 31 and 32.

[0040] The circumferential velocity of the first driving roll
16 is made higher than that of the processing rolls 12 and 14.
For example, the circumferential velocity of the first driving
roll 16 is made 1.5 times that of the processing rolls 12 and
14. During the time until the first driving roll 16 reaches the
processing rolls 12 and 14, if the tension in the conveyance
direction applied to the base material sheet 2 is reduced to
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such an extent that the base material sheet 2 does not stretch,
the width of the base material sheet 2 remains constant, for
example, 350 mm.

[0041] The pair of processing rolls 12 and 14 is arranged
to sandwich the conveyance path 3. One processing roll 12
has a plurality of spur gear-shaped or straight teeth 13 along
an outer peripheral face 12s thereof. The teeth 13 are
arranged at a predetermined pitch radially from a rotation
center line 12x of the processing roll 12 and in the circum-
ferential direction, and each tooth 13 extends parallel to the
rotation center line 12x of the processing roll 12. Likewise,
the other processing roll 14 has a plurality of spur gear-
shaped or straight teeth 15 along an outer peripheral face 14s
thereof. The teeth 15 are arranged at a predetermined pitch
radially from a rotation center line 14x of the processing roll
14 and in the circumferential direction, and each tooth 15
extends parallel to the rotation center line 14x of the pro-
cessing roll 14.

[0042] The pair of processing rolls 12 and 14 is rotation-
ally driven in synchronization with each other in the direc-
tions indicated by the arrows 127 and 147 in such a manner
that the teeth 13 and 15 engage with each other with a
clearance. For example, non-illustrated engaging driving
gears are fixed to the axis ends of non-illustrated rotation
axes of the processing rolls 12 and 14, and the rotation of a
third motor 12m (see FIG. 2) is transmitted to the driving
gears. The teeth 13 and 15 function as irregular portions that
engage with each other with a clearance.

[0043] The base material sheet 2 is subjected to stretching
processing when passing through an engaging section 125
where the teeth 13 and 15 of the processing rolls 12 and 14
engage with each other with a clearance, and is imparted
with stretchability. At this time, the base material sheet 2
which is stretched in the conveyance direction is shrunk in
the width direction orthogonal to the conveyance direction.
In a case where the width when the base material sheet 2 is
introduced to the one processing roll 12 is 350 mm, the
width immediately after the base material sheet 2 is dis-
charged from the processing rolls 12 and 14 is 330 mm.

[0044] The temperature of the outer peripheral faces 12s
and 14s of the processing rolls 12 and 14 is preferably made
not less than 10° C. and not more than the melting point
temperature of the base material sheet 2, is more preferably
made not less than 10° C. and not more than and is still more
preferably made not less than and not more than 60° C. For
this reason, a heater 11/ (see FIG. 2) is provided for at least
the one processing roll 12, preferably, for both of the
processing rolls 12 and 14. For example, the outer peripheral
face 12s of the processing roll 12 is heated by the heater 114
so that the temperature thereof becomes not less than 10° C.
and not more than 60° C., preferably, not less than 30° C.
and not more than 60° C. Alternatively, the outer peripheral
faces 125 and 14s of both of the processing rolls 12 and 14
are heated so that the temperatures thereof become not less
than 10° C. and not more than 60° C., preferably, not less
than 30° C. and not more than 60° C. By heating the base
material sheet 2 prior to processing, the base material sheet
2 can be processed without any breakage or damage occur-
ring even if the conveyance speed of the base material sheet
2 is high, so that production efficiency improves. While the
heater is preferably provided inside the processing rolls 12
and 14, it may be provided outside.
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[0045] A residual heat heater that preliminarily heats the
base material sheet 2 prior to processing may be provided
upstream of the processing rolls 12 and 14.

[0046] The base material sheet 2 is conveyed in a manner
that it is in contact with and along the outer peripheral face
125 of the processing roll 12 immediately prior to passing
between the processing rolls 12 and 14. That is, the con-
veyance path 3 includes a winding section 12a along the
outer peripheral face 12s of the processing roll 12 immedi-
ately in front of the engaging section 12b.

[0047] The range of the winding section 12¢ and the
engaging section 125, that is, the angle 6 centered on the
rotation center line 12x of the one processing roll 12 is
preferably not less than 180° and not more than 270°. In this
case, the base material sheet 2 is conveyed a longer distance
along the outer peripheral face 12s of the one processing roll
12, and when the base material sheet 2 is heated by the one
processing roll 12, greater stretchability can be imparted to
the base material sheet 2.

[0048] After passing between the pair of processing rolls
12 and 14, the base material sheet 2 reaches the second
driving roll 18 via the guide rolls 33 and 34.

[0049] The second driving roll 18 is rotationally driven in
the direction indicated by the arrow 18, and conveys the
base material sheet 2 in contact with an outer peripheral face
18s of the second driving roll 18 at the same velocity as the
circumferential velocity of the second driving roll 18.

[0050] The circumferential velocity of the second driving
roll 18 is made higher than that of the processing rolls 12 and
14 according to the stretch ratio of the base material sheet 2
so that the stretched base material sheet 2 is pulled out from
between the processing rolls 12 and 14 in a stable state. For
example, the circumferential velocity of the second driving
roll 18 is made 3.2 times that of the processing rolls 12 and
14.

[0051] Inthis case, since the shrinkage of the base material
sheet 2 in the width direction orthogonal to the conveyance
direction is not restrained after the base material sheet 2 is
separated from the teeth 13 and 15 of the processing rolls 12
and 14, when pulled out from between the processing rolls
12 and 14, the base material sheet 2 shrinks in the width
direction between the processing rolls 12 and 14 and the
second driving roll 18. For example, when the width imme-
diately after discharge from between the processing rolls 12
and 14 is 330 mm, the width at the second driving roll 18 is
290 mm.

[0052] The base material sheet 2 is laminated on an
additional sheet 4 at the crimping roll 20, so that a composite
sheet 6 where the sheets 2 and 4 are joined together is
formed. The composite sheet 6 is conveyed to the subse-
quent process via the guide roll 37 as indicated by the arrow
6.x.

[0053] For example, the base material sheet 2 is bonded to
the additional sheet 4 where a hot-melt adhesive is applied
by a hot-melt application device 40. The base material sheet
2 and the additional sheet 4 may be joined together by
ultrasonic joining or the like instead of bonding.

[0054] The crimping roll 20 is rotationally driven in the
direction indicated by the arrow 207, and conveys the base
material sheet 2 in contact with an outer peripheral face 20s
of the crimping roll 20 at the same velocity as the circum-
ferential velocity of the crimping roll 20.
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[0055] The circumferential velocity of the crimping roll 20
may be the same as that of the second driving roll 18 or may
be higher than that of the second driving roll 18.

[0056] In the latter case, the base material sheet 2 shrinks
in the width direction between the second driving roll 18 and
the crimping roll 20 since it is pulled out from the second
driving roll 18 by the crimping roll 20.

[0057] A single-layer sheet formed of only the base mate-
rial sheet 2 may be manufactured without the additional
sheet 4 being joined. In this case, the crimping roll 20, the
nip roll 22, the hot-melt application device 40 and the like
are unnecessary.

[0058] FIG. 2 is a block diagram of the sheet processing
device 10. As shown in FIG. 2, in the sheet processing
device 10, the following are connected to a control portion
11 such as a sequencer that controls the entire sheet pro-
cessing device 10; a first motor 16m that rotationally drives
the first driving roll 16; a second motor 18m that rotationally
drives the second driving roll 18; a third motor 12m that
rotationally drives the pair of processing rolls 12 and 14; a
first detector 17 that detects a first tension T1 (see FIG. 1) in
the conveyance direction applied to the base material sheet
2 immediately before the base material sheet 2 reaches the
outer peripheral face 12s of the one processing roll 12; a
second detector 19 that detects a second tension T2 (see FIG.
1) in the conveyance direction applied to the base material
sheet 2 immediately after the base material sheet 2 is
discharged from between the processing rolls 12 and 14; and
the heater 114.

[0059] While monitoring the first tension T1 based on an
output signal from the first detector 17, the control portion
11 (a) adjusts the rotation speed of the first motor 16m to
control the rotation of the first driving roll 16 and/or (b)
adjusts the rotation speed of the third motor 12m to control
the rotation of the pair of processing rolls 12 and 14 so that
the first tension T1 is less than a first predetermined value.
In this case, the control portion 11, the first detector 17, the
first motor 16 and/or the third motor 12m function as a
tension control device. The first predetermined value may be
less than 10% of the breaking load of the base material sheet
2 in the conveyance direction prior to processing.

[0060] Moreover, while monitoring the second tension T2
based on an output signal from the second detector 19, the
control portion 11 may (a) adjust the rotation speed of the
second motor 18m to control the rotation of the second
driving roll 18 and/or (b) adjust the rotation speed of the
third motor 12m to control the rotation of the pair of
processing rolls 12 and 14 so that the second tension T2 is
higher a second predetermined value. Since it is necessary
only that the second predetermined value be high to the
extent that the base material sheet 2 stretched at the engaging
section 124 is pulled out from between the processing rolls
12 and 14 in a stable state, when the stretch ratio at the
engaging section 124 is high to some extent, for example,
the second predetermined value may be less than 10% of the
breaking load of the base material sheet 2 in the conveyance
direction prior to processing, and is more preferably less
than 5%.

[0061] FIG. 3 is a relevant part schematic view where the
neighborhood of the engaging section 126 of the pair of
processing rolls 12 and 14 of the sheet processing device 10
is enlarged. As shown in FIG. 3, the base material sheet 2
conveyed along the conveyance path 3 is conveyed in the
direction indicated by the arrow 2x while being supported by



US 2023/0405914 Al

the teeth 13 of the one processing roll 12, and when it
reaches the engaging section 1254, the parts thereof sup-
ported between the adjoining teeth 13 are pushed down
toward the inside of the one processing roll 12 by the teeth
of the other processing roll 14, whereby at the engaging
section 125, a tension Id in the conveyance direction (not
shown; the magnitude differs according to the position
where the base material sheet 2 engages with the teeth 13
and 15 of the processing rolls 12 and 14) occurs on the base
material sheet 2.

[0062] At the winding section 12a before the engaging
section 1254, a frictional force with the teeth 13 acts on the
base material sheet 2. The tension of the base material sheet
2 in the conveyance direction decreases as the base material
sheet 2 moves away from the engaging section 125, that is,
as it moves toward the upstream side in the conveyance
direction.

[0063] Therefore, the first tension T1 in the conveyance
direction (see FIG. 1) applied to the base material sheet 2
immediately before the base material sheet 2 reaches the
outer peripheral face 12s of the one processing roll 12 can
be made lower than the tension Td in the conveyance
direction applied to the base material sheet 2 at the engaging
section 12b. For this reason, stretching processing can be
performed on the base material sheet 2 under a processing
condition where the first tension T1 is less than 10% of the
breaking load of the base material sheet 2 in the conveyance
direction prior to processing.

[0064] At the engaging section 125, the middle positions
of the parts of the base material sheet 2 supported by the
adjoining teeth 13 of the one processing roll 12 are pushed
down by the teeth 15 of the other processing roll 14,
whereby a frictional force occurs on the base material sheet
2. By this frictional force, the second tension T2 (see FIG.
1), in the conveyance direction, of the base material sheet 2
immediately after the base material sheet 2 passes through
the engaging section 125 is made lower than the tension Td
in the conveyance direction applied to the base material
sheet 2 at the engaging section 125.

[0065] Moreover, when the base material sheet 2 is con-
veyed along the outer peripheral face 12s of the one pro-
cessing roll 12 at the winding section 12aq, its shrinkage in
the width direction orthogonal to the conveyance direction is
restrained by the frictional force with the outer peripheral
face 12s of the one processing roll 12, so that the base
material sheet 2 does not break even if the tension Td of the
base material sheet 2 in the conveyance direction exceeds
the breaking load at the one processing roll 125. For this
reason, stretching processing can be performed on the base
material sheet 2 without any breakage or damage occurring
on the base material sheet 2 under a processing condition
where the tension Td applied to the base material sheet 2 at
the engaging section 125 is higher than 90% of the breaking
load of the base material sheet 2 in the conveyance direction
prior to processing.

[0066] As described above, by the base material sheet 2
being wound on the one processing roll 12, even when the
tension applied to the base material sheet 2 before and after
processing is out of the conventionally known range (10 to
90% of the breaking load, etc.), stretching processing can be
performed on the base material sheet 2. Consequently,
greater stretchability can be imparted to the base material
sheet 2.
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[0067] <Experimental example> An experimental
example will be described in which a sheet imparted with
stretchability was manufactured by using the sheet process-
ing device 10 of the first embodiment.

[0068] While the processing rolls 12 and 14 were heated
to 35 to 55° C., the base material sheet 2 which is a
polyolefin-based stretchable nonwoven fabric with a width
of 350 mm was processed under various conditions where
the circumferential velocities of the processing rolls 12, 14,
16 and 18 were combined. During the processing, the
tension of the base material sheet 2 in the conveyance
direction was measured between the first driving roll 16 and
the one processing roll 12. In addition, the stretch ratio of the
base material sheet 2 after processing was determined.

[0069] As a result, when the tension was 0.3 to 7.5 N, the
stretch ratio of the base material sheet 2 was 1.8 to 2.8 times.

[0070] Moreover, when a test piece (25 mm in width and
100 mm in length) for a tensile test was made from the base
material sheet 2 prior to processing and a tensile test was
performed with a load cell velocity of 300 mm/min., the
breaking load was 23.2 N (the average value among three
test pieces). Converting from these, the breaking load, in the
conveyance direction, of the base material sheet 2 with a
width of 350 mm prior to processing was (23.2 N/25
mm)x350 mm=325 N.

[0071] Therefore, the tension (0.3 to 7.5 N) in the con-
veyance direction applied to the base material sheet 2 with
a width of 350 mm immediately before the base material
sheet 2 reached the outer peripheral face 12s of the one
processing roll 12 was 0.9 to 2.3% of the breaking load (325
N) of the base material sheet 2 in the conveyance direction
prior to processing, and was less than 10%.

[0072] That is, even when the tension in the conveyance
direction applied to the base material sheet 2 immediately
before the base material sheet 2 reached the one processing
roll 12 was out of the conventionally known tension limit
range (10 to 90% of the breaking load), stretching process-
ing could be performed on the base material sheet 2, and
compared with when the tension is within the conventionally
known tension limit range, greater stretchability could be
imparted to the base material sheet 2.

[0073] Subsequently, a sheet manufacturing method of the
first embodiment will be summarized.

[0074] The sheet manufacturing method is provided with:
(1) a conveying step of conveying the base material sheet 2;
and (ii) a processing step of rotationally driving the pair of
processing rolls 12 and 14 arranged to sandwich the con-
veyance path 3 on which the base material sheet 2 is
conveyed, in a manner that the irregular portions 13 and 15
formed along the respective outer peripheral faces 12s and
14s of the processing rolls 12 and 14 engage with each other
with a clearance to stretch the base material sheet 2 when the
base material sheet 2 passes between the processing rolls 12
and 14. In the conveying step, the base material sheet 2 is
conveyed in a manner that it is in contact with and along the
outer peripheral face 12s of the processing roll 12 immedi-
ately prior to passing between the processing rolls 12 and 14
and that the tension in the conveyance direction applied to
the base material sheet 2 immediately before the base
material sheet 2 reaches the outer peripheral face 12s of the
one processing rolls 12 is less than 10% of the breaking load
of'the base material sheet 2 in the conveyance direction prior
to processing.
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[0075] According to the above-described method, the ten-
sion in the conveyance direction applied to the base material
sheet 2 when the base material sheet 2 is conveyed along the
outer peripheral face 12s of the one processing roll 12 can
be made to gradually decrease as the base material sheet 2
moves away from the engaging section where the irregular
portions 13 and 15 engage with each other between the
processing rolls 12 and 14 to the upstream side in the
conveyance direction by using the friction between the base
material sheet 2 and the outer peripheral face 12s of the one
processing roll 12, and the tension in the conveyance direc-
tion applied to the base material sheet 2 immediately before
the base material sheet 2 reaches the outer peripheral face
125 of the one processing roll 12 can be decreased. More-
over, the shrinkage of the base material sheet 2 in the width
direction orthogonal to the conveyance direction can be
restrained by using the friction between the base material
sheet 2 and the outer peripheral face 125 of the one pro-
cessing roll 12. For this reason, compared with when stretch-
ing processing is immediately performed at the engaging
section under a condition where tension is applied in the
conveyance direction, greater stretchability can be imparted
to the base material sheet.

[0076] When the tension of the base material sheet 2 in the
conveyance direction is less than 10% of the breaking load
of the base material sheet 2 in the conveyance direction prior
to processing immediately before the base material sheet 2
reaches the outer peripheral face 12s of the one processing
roll 12, the shrinkage of the base material sheet 2 in the
width direction can be restrained more than when the
pre-processing tension of the base material sheet 2 in the
conveyance direction is not less than 10% of the breaking
load of the base material sheet 2 in the conveyance direction
prior to processing, so that still greater stretchability can be
imparted to the base material sheet.

[0077] Preferably, the sheet manufacturing method is fur-
ther provided with a heating step of heating the one pro-
cessing roll 12 so that the temperature of the outer peripheral
face 12s of the one processing roll 12 is not less than 10° C.
and not more than 60° C., preferably, not less than 30° C.
and not more than 60° C.

[0078] In this case, even when the conveyance speed of
the base material sheet 2 is high, the base material sheet 2
can be processed without any breakage or damage.

[0079] Preferably, in the conveying step, the base material
sheet 2 is conveyed in a manner that it is along the outer
peripheral face 12s of the one processing roll 12 within a
range of not less than 180° and not more than 270° with the
rotation center line 12x of the one processing roll 12 as the
center.

[0080] In this case, the base material sheet 2 is conveyed
a longer distance along the outer peripheral face 12s of the
one processing roll 12, and when the base material sheet 2
is heated by the one processing roll 12, the base material
sheet 2 can be heated sufficiently, so that greater stretch-
ability can be imparted to the base material sheet 2.
[0081] <First modification> A structure is possible where
the detectors 17 and 19 (see FIG. 2) that detect the tension
of the base material sheet 2 are not provided. For example,
when the pre-processing tension and post-processing tension
of the base material sheet 2 can be set to predetermined
values and the operating conditions of the motors 12m, 14m
and 16m capable of processing the base material sheet at a
desired stretch ratio are known in advance, the pre-process-
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ing tension and post-processing tension of the base material
sheet 2 become predetermined values while the rotation
speeds, load torques and the like of the motors 12m, 14m and
16m are controlled without the tension of the base material
sheet 2 being detected by the detectors 17 and 19 during
operation, so that the base material sheet can be made to be
processed at a desired stretch ratio.

[0082] <Second embodiment> A sheet processing device
10a and a sheet manufacturing method of a second embodi-
ment structured so that the distance between the processing
rolls 12 and 14 can be increased will be described with
reference to FIGS. 4A to 5B. The sheet processing device
10a of the second embodiment has substantially the same
structure as the sheet processing device 10 of the first
embodiment. In the following, differences from the sheet
processing device 10 of the first embodiment will be mainly
described, and the same reference numerals will be used for
the same elements as those of the sheet processing device 10
of the first embodiment,

[0083] FIGS. 4A and 4B are schematic views showing the
structure of a relevant part of the sheet processing device
10a. FIG. 4A is a schematic view viewed in the direction of
the rotation center lines 12x and 14x of the processing rolls
12 and 14. FIG. 4B is a schematic view viewed along the line
B-B of FIG. 4A. As shown in FIGS. 4A and 4B, the sheet
processing device 10a is provided with processing roll
support mechanisms 11p and 11¢g and air cylinders 50.
[0084] The processing roll support mechanisms 11p and
11¢ support the processing rolls 12 and 14 in such a manner
that the distance between the processing rolls 12 and 14 is
changeable. Specifically, bearing portions 13p and 134 rotat-
ably supporting shaft portions 12p and 12¢g of the one
processing roll 12 are fixed to a body frame 104 of the sheet
processing device 10a. Bearing portions 15p and 15¢ rotat-
ably supporting shaft portions 14p and 14¢ of the other
processing roll 14 are supported by the body frame 10% so
as to be movable in the directions indicated by the arrows
50a and 504.

[0085] The air cylinders 50 are fixed to the body frame
with the rods 52 facing downward. The bearing portions 15p
and 15¢ of the other processing roll 14 are coupled to the
rods 52 of the air cylinders 50. When the rods 52 of the air
cylinders 50 shrink, the other processing roll 14 moves
upward from the position shown by the solid line in FIGS.
4A and 4B in the direction indicated by the arrow 505b. The
air cylinders 50 serve as a processing roll moving device 51
that moves at least the processing roll 14 of the processing
rolls 12 and 14.

[0086] When stretch processing of the base material sheet
is performed, the rods 52 of the air cylinders 50 protrude to
be stretched as shown in FIGS. 4A and 4B, so that the
respective teeth 13 and 15 of the processing rolls 12 and 14
engage with each other with a clearance as in the above-
described FIG. 3. For example, when the rods 52 protrude,
the bearing portions 15p and 15¢ of the processing roll 14
abut on non-illustrated predetermined parts of the body
frame 10% to be inhibited from moving, so that the distance
between the processing rolls 12 and 14 is maintained at a
predetermined value. Thereby, the pushing amount of the
base material sheet during stretching processing can be set
to a predetermined value.

[0087] The pushing amount of the base material sheet
during stretching processing may be defined by the amount
of' engagement between the teeth 13 and 15 of the processing
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rolls 12 and 14. In this case, when the pushing amount of the
base material sheet during stretching processing, that is, the
amount of engagement between the teeth 13 and 15 of the
processing rolls 12 and 14 is D, the radii of the outer
peripheral faces 125 and 14s of the processing rolls 12 and
14 (see FIG. 1) are R1 and R2 and the distance between the
rotation center lines 12x and 14x of the processing rolls 12
and 14 is L, the pushing amount D of the base material sheet
during stretching processing and the amount D of engage-
ment between the teeth 13 and 15 of the processing rolls 12
and 14 are defined by the following expression 1:

D=R1+R2-L (expression 1)

[0088] When the rods 52 of the air cylinders 50 shrink in
the direction indicated by the arrow 505 in FIG. 4, the other
processing roll 14 moves upward from the position indicated
by the solid line in FIGS. 4A and 4B in the direction
indicated by the arrow 504 to be separated from the one
processing roll 12. This disengages the teeth 13 and 15 of the
processing rolls 12 and 14 to form an interval between the
processing rolls 12 and 14, which facilitates preparatory
work such as threading the base material sheet between the
processing rolls 12 and 14 prior to processing.

[0089] In a case where typical air cylinders are used as the
air cylinders 50, the rods 52 move backward when a reaction
force acts that overcomes the protruding force to protrude
the rods 52. According to the differences in the basis weight,
width, conveyance speed and the like of the base material
sheet made of nonwoven fabric or the like, the following can
occur: The resistance force (reaction force) of the base
material sheet overcomes the protruding force of the rods 52
to increase the distance L between the rotation center lines
12x and 14x of the processing rolls 12 and 14 and change the
pushing amount D of the base material sheet, so that
variation occurs in the stretch amount of the base material
sheet.

[0090] To suppress such variation in the stretch amount of
the base material sheet, the air cylinders 50 are each pro-
vided with a lock mechanism 60 shown in FIGS. 5A and 5B.
[0091] FIGS. 5A and 5B are structural principle views of
the lock mechanism 60. FIG. SA shows an unlocked state,
and FIG. 5B shows a locked state. As shown in FIGS. 5A
and 5B, in the lock mechanism 60, a tapering 64 is fixed to
arelease piston 62, and the release piston 62 and the tapering
64 are pushed by a break spring 66 in the direction indicated
by the arrow 60a. The tapering 64 is a tubular member
having a cylindrical outer peripheral face and a conical inner
peripheral face the inner diameter of which increases in the
direction indicated by the arrow 60q. Inside the tapering 64,
a steel ball 70 is rotatably held by a ball retainer 72. A brake
shoe holder 74 and a brake shoe 76 are disposed between the
steel ball 70 and the rod 52.

[0092] When compressed air is supplied to an open port 78
as indicated by the arrow 60p in FIG. 5A, the release piston
62 and the tapering 64 move in the direction indicated by the
arrow 605 against the spring force of the break spring 66, so
that the rod 52 is unlocked. At this time, as indicated by
reference designation A, the ball retainer 722 abuts on a
housing 68.

[0093] When air is exhausted from the open port 78 as
indicated by the arrow 60q in FIG. 5B, the release piston 62
and the tapering 64 are pushed to move in the direction
indicated by the arrow 60a by the break spring 66. The
spring force of the break spring 66 is increased by the wedge
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effect of the tapering 64 and transmitted to the steel ball 70,
and acts on the brake shoe holder 74 and the brake shoe 76.
Thereby the rod 52 is tightened with great force to be locked.
[0094] The lock mechanism 60 serves as separation pre-
venting means for disengageably fixing the amount D of
engagement between the irregular portions 13 and 15 of the
processing rolls 12 and 14. Since the pushing amount D of
the base material sheet can be fixed by using the lock
mechanism 60 during the stretching processing of the base
material sheet, the variation in the stretch amount of the base
material sheet due to the differences in the basis weight,
width, conveyance speed and the like of the base material
sheet can be suppressed.

[0095] Instead of providing the lock mechanism 60 for the
air cylinders 50, a processing roll holding device 80 may be
provided as shown in FIG. 4B.

[0096] The processing roll holding device 80 includes: a
detector 82 for detecting the pushing amount D of the base
material sheet during stretching processing; and a controller
84 that controls the air cylinders 50. For example, the
detector 82 is a sensor that detects the position of the other
processing roll 14, the positions of the bearing portions 15p
and 15¢ of the other processing roll 14 and the protrusion
length of the rods 52 of the air cylinders 50.

[0097] The controller 84 calculates the pushing amount D
of'the base material sheet during stretching processing based
on a detection signal 83 from the detector 82, and controls
the air cylinders 50 so that the pushing amount D is
maintained within a certain range while monitoring the
pushing amount D. For example, when the pushing amount
D of the base material sheet during stretching processing
becomes lower than a predetermined value, the controller 84
sends out to the air cylinders 50 a control signal 85 to make
the teeth 15 of the other processing roll 14 push the base
material sheet again to the pushing amount of the base
material sheet at the time of start of the stretching process-
ing.

[0098] The processing roll holding device 80 serves as the
separation preventing means for disengageably suppressing
the amount D of engagement between the irregular portions
13 and 15 of the processing rolls 12 and 14 within a
predetermined range. Since the pushing amount of the base
material sheet can be maintained substantially constant by
using the processing roll holding device 80 during the
stretching processing of the base material sheet, the variation
in the stretch amount of the base material sheet due to the
differences in the basis weight, width, conveyance speed and
the like of the base material sheet can be suppressed.
[0099] The separation preventing means may be struc-
tured so as to fix or suppress within a predetermined range
the positions of the bearing portions 15p and 15¢ of the other
processing roll 14 themselves instead of the air cylinders 50.
[0100] Moreover, the following structure may be adopted:
The processing roll support mechanisms 11p and 11¢ mov-
ably support both of the pair of processing rolls 12 and 14,
the processing roll moving device moves both of the pair of
processing rolls 12 and 14, and the separation preventing
means disengageably fixes or suppresses within a predeter-
mined range the amount D of engagement between the
irregular portions 13 and 15 of the processing rolls 12 and
14.

[0101] In the sheet manufacturing method of the second
embodiment, the following features are added to that of the
first embodiment: The processing rolls 12 and 14 are sup-
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ported in such a manner that the distance between the
processing rolls 12 and 14 is changeable by moving at least
the processing roll 14 of the processing rolls 12 and 14. In
the processing step, the amount D of engagement between
the irregular portions 13 and 15 of the processing rolls 12
and 14 is fixed or suppressed within a predetermined range.
[0102] In this case, since the distance between the pair of
processing rolls 12 and 14 can be increased, it is easy to
thread the base material sheet 2 between the processing rolls
12 and 14 for preparation before starting the stretching
processing. Since the amount of engagement between the
irregular portions 13 and 15 of the processing rolls 12 and
14 are fixed or suppressed within a predetermined range
during the stretching processing, the variation in the stretch
amount of the base material sheet 2 can be suppressed.
[0103] <Summary> As described above, since the tension
in the conveyance direction applied to the base material
sheet 2 when the base material sheet 2 passes between the
processing rolls 12 and 14 can be increased by using the
friction between the base material sheet 2 and the outer
peripheral face 125 of the one processing roll 12, greater
stretchability can be imparted to the base material sheet 2.
[0104] The present invention is not limited to the above-
described embodiments but may be carried out with various
modifications being added.

[0105] For example, the irregular portions of the pair of
processing rolls 12 and 14 are not limited to spur gear-
shaped or straight teeth but may be in various modes such as
helical gears or staggered irregular portions.

DESCRIPTION OF REFERENCE NUMERALS

[0106] 2 Base material sheet

[0107] 3 Conveyance path

[0108] 10a Sheet processing device

[0109] 11 Control portion (tension control device)

[0110] 11/ Heater

[0111] 11p, 11¢ Processing roll support mechanism

[0112] 12 Processing roll

[0113] 12m Third motor (tension control device)

[0114] 125 Outer peripheral face

[0115] 13 Teeth (irregular portion)

[0116] 14 Processing roll

[0117] 14s Outer peripheral face

[0118] 15 Teeth (irregular portion)

[0119] 16 First driving roll

[0120] 16m First motor (tension control device)

[0121] 18 Second driving roll

[0122] 18m Second motor

[0123] 19 Second detector

[0124] 50 Air cylinder

[0125] 51 Processing roll moving device

[0126] 60 Lock mechanism (separation preventing
means)

[0127] 80 Processing roll holding device (separation

preventing means)

1. A sheet manufacturing method comprising:

a conveying step of conveying a base material sheet; and

a processing step of rotationally driving a pair of process-
ing rolls arranged to sandwich a conveyance path on
which the base material sheet is conveyed, in a manner
that irregular portions formed along respective outer
peripheral faces of the processing rolls engage with
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each other with a clearance to stretch the base material
sheet when the base material sheet passes between the
processing rolls,

wherein in the conveying step, the base material sheet is
conveyed in a manner that the base material sheet is in
contact with and along the outer peripheral face of one
processing roll of the processing rolls immediately
prior to passing between the processing rolls and that a
tension in a conveyance direction applied to the base
material sheet immediately before the base material
sheet reaches the outer peripheral face of the one
processing roll is less than 10% of a breaking load of
the base material sheet in the conveyance direction
prior to processing.

2. The sheet manufacturing method according to claim 1,
further comprising a heating step of heating the one pro-
cessing roll so that the temperature of the outer peripheral
face of the one processing roll becomes not less than 10° C.
and not more than 60° C.

3. The sheet manufacturing method according to claim 1,
wherein in the conveying step, the base material sheet is
conveyed in a manner that the base material sheet is along
the outer peripheral face of the one processing roll within a
range of not less than 180° and not more than 270° with a
rotation center line of the one processing roll as the center.

4. The sheet manufacturing method according to claim 1,
wherein the processing rolls are supported in a manner that
the distance between the processing rolls is changeable by
moving at least one of the processing rolls, and

in the processing step, an amount of engagement between
the irregular portions of the processing rolls is fixed or
suppressed within a predetermined range.

5. A sheet processing device comprising a pair of pro-
cessing rolls arranged to sandwich a conveyance path on
which a base material sheet is conveyed, the processing rolls
rotating in a manner that irregular portions formed along
respective outer peripheral faces engage with each other
with a clearance,

wherein the base material sheet is conveyed in a manner
that the base material sheet is in contact with and along
the outer peripheral face of one processing roll of the
processing rolls immediately prior to passing between
the processing rolls, and

the following are further provided:

a driving roll disposed along the conveyance path until the
base material sheet reaches the one processing roll, and
rotationally driven to send out the base material sheet;
and

a tension control device that controls rotation of one or
both of the driving roll and the processing rolls so that
a tension in the conveyance direction applied to the
base material sheet immediately before the base mate-
rial sheet reaches the one processing roll becomes less
than 10% of a breaking load of the base material sheet
in the conveyance direction prior to processing.

6. The sheet processing device according to claim 5,
further comprising a heater that heats the one processing roll
so that the temperature of the outer peripheral face of the one
processing roll becomes not less than 10° C. and not more
than 60° C.

7. The sheet processing device according to claim 5,
wherein the base material sheet is conveyed in a manner that
the base material sheet is along the outer peripheral face of
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the one processing roll within a range of not less than 180°
and not more than 270° with a rotation center line of the one
processing roll as the center.

8. The sheet processing device according to claim 5,

further comprising:

a processing roll support mechanism that supports the
processing rolls in a manner that the distance between
the processing rolls is changeable;

a processing roll moving device that moves at least one of
the processing rolls; and

separation preventing means for disengageably fixing or
suppressing within a predetermined range an amount of
engagement between the irregular portions of the pro-
cessing rolls.
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