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(54) RECONSTITUTED TOBACCO SHEET PRODUCTION DEVICE AND PRODUCTION METHOD

(57) This reconstituted tobacco raw material produc-
tion device comprises a die that discharges a reconsti-
tuted tobacco raw material in a sheet-like shape, and a
take-up device that takes up the sheet-like reconstituted
tobacco raw material discharged from the die. The take-

up device has a pair of first driving rollers that sandwich
the sheet-like reconstituted tobacco raw material, and is
configured so as to take up the sheet-like reconstituted
tobacco raw material while tension is being applied there-
to.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a manufactur-
ing apparatus and a manufacturing method for a recon-
stituted tobacco sheet.

BACKGROUND ART

[0002] Conventionally, rolling, casting (slurry process),
and sheet making are known as a manufacturing method
for a reconstituted tobacco sheet. These manufacturing
methods are selected according to the amount of moist-
ure contained in reconstituted tobacco raw material.
These manufacturing methods are implemented by man-
ufacturing apparatuses for a reconstituted tobacco
sheet, different from one another.
[0003] It is known that rolling is particularly suitable for
a reconstituted tobacco raw material containing a moist-
ure content of 50vol% or lower. In rolling, a kneaded
product of reconstituted tobacco raw material is rolled
with rotary rollers to adjust the thickness and then dried
with a separately provided dryer.
[0004] It is known that casting (slurry process) is parti-
cularly suitable for a reconstituted tobacco raw material
containing a moisture content of 50vol% or higher. In
casting (slurry process), a fluid of reconstituted tobacco
raw material is continuously spread onto a rotary drum or
a belt conveyor and evened out to a desired thickness
with a member called a blade, then peeled off from the
rotary drum or the belt conveyor and dried with a sepa-
rately provided dryer.
[0005] It is known that sheet making is particularly
suitable for a reconstituted tobacco raw material contain-
ing a moisture content of 80vol% or higher. In sheet
making, a fluid of reconstituted tobacco raw material is
continuously spread onto a liquid-permeable belt con-
veyor, subjected to removal of moisture and evened out
to a desired thickness with squeeze rollers, and then
dried with a separately provided dryer.
[0006] For these manufacturing methods to be se-
lected according to the amount of moisture, a manufac-
turing apparatus and a manufacturing method for a re-
constituted tobacco sheet, which allow to obtain a recon-
stituted tobacco sheet with a uniform thickness with a
simple manufacturing process regardless of the amount
of moisture contained in reconstituted tobacco raw ma-
terial, are known (see PTL 1).

CITATION LIST

PATENT LITERATURE

[0007] PTL 1: International Publication No.
2022/019027

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0008] At the time of discharging reconstituted tobacco
raw material from a die, if the flow rate is not uniform in a
discharge direction or a width direction orthogonal to the
discharge direction, wrinkles may be formed in a recon-
stituted tobacco sheet discharged.
[0009] One object of the present invention is to provide
a manufacturing apparatus and a manufacturing method
for a reconstituted tobacco sheet, which manufacture a
reconstituted tobacco sheet with a small number of wrin-
kles.

SOLUTION TO PROBLEM

[0010] A first aspect provides a manufacturing appa-
ratus for a reconstituted tobacco sheet. This manufactur-
ing apparatus for a reconstituted tobacco sheet includes
a die that discharges reconstituted tobacco raw material
in a sheet shape, and a temperature adjustment device
that adjusts a temperature of the reconstituted tobacco
raw material passing through the die.
[0011] It is found that one of causes of formation of
wrinkles of sheet-shaped reconstituted tobacco raw ma-
terial discharged from the die is a flowability of the raw
material. Specifically, when the flowability of the raw
material is low, the flow rate may not uniform in a dis-
charge direction or in a width direction. For this reason,
according to the first aspect, it is possible to decrease the
viscosity of the reconstituted tobacco raw material, that
is, increase the flowability of the reconstituted tobacco
raw material, by heating the reconstituted tobacco raw
material passing through the die with the temperature
adjustment device. Alternatively, it is possible to uniform
a discharge flow rate in a width direction by partially
heating a part with a small discharge amount with the
temperature adjustment device to partially increase the
discharge flow rate. As a result, it is possible to suppress
formation of wrinkles in the reconstituted tobacco sheet.
Wrinkles may be formed when there occurs a part where
the discharge flow rate is high in the width direction of the
reconstituted tobacco sheet. For this reason, according
to the first aspect, it is possible to partially reduce the
discharge flow rate and uniformizing the discharge flow
rate in the width direction by partially cooling the part
where the discharge flow rate is high with the temperature
adjustment device. As a result, it is possible to suppress
formation of wrinkles in the reconstituted tobacco sheet.
In the specification, "wrinkles" of the reconstituted tobac-
co sheet are not limited to folds formed in the sheet and
also include a nonuniform thickness part, slack, or wavy
part of the sheet, a wave pattern appearance, or the like.
[0012] An outline of a second aspect is that, in the first
aspect, the temperature adjustment device is mounted to
the die.
[0013] According to the second aspect, the tempera-
ture adjustment device is capable of directly adjusting via
the die the temperature of the reconstituted tobacco raw
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material passing through the die, so it is possible to
further efficiently adjust the temperature of the reconsti-
tuted tobacco raw material.
[0014] An outline of a third aspect is that, in the first
aspect or the second aspect, the temperature adjustment
device includes a heating device that heats the recon-
stituted tobacco raw material passing through the die.
[0015] According to the third aspect, it is possible to
decrease the viscosity of the reconstituted tobacco raw
material, that is, increase the flowability of the reconsti-
tuted tobacco raw material, by heating the reconstituted
tobacco raw material passing through the die with the
heating device. Alternatively, it is possible to uniform a
discharge flow rate in a width direction by partially heating
a part with a small discharge amount with the tempera-
ture adjustment device to partially increase the discharge
flow rate. As a result, it is possible to suppress formation
of wrinkles in the reconstituted tobacco sheet.
[0016] An outline of a fourth aspect is that, in the third
aspect, the heating device is configured to heat the
reconstituted tobacco raw material such that the tem-
perature of the reconstituted tobacco raw material pas-
sing through the die becomes lower than 100°C.
[0017] According to the fourth aspect, it is possible to
suppress formation of wrinkles in the reconstituted to-
bacco sheet by increasing the flowability of the recon-
stituted tobacco raw material while reducing condensa-
tion of moisture contained in the reconstituted tobacco
raw material at a discharge port of the die as a result of
vaporization of the moisture.
[0018] An outline of a fifth aspect is that, in the first
aspect or the second aspect, the temperature adjustment
device includes a cooling device that cools the reconsti-
tuted tobacco raw material passing through the die.
[0019] According to the fifth aspect, it is possible to
uniform the discharge flow rate in the width direction by
partially cooling the part where the discharge flow rate is
high with the cooling device. As a result, it is possible to
suppress formation of wrinkles in the reconstituted to-
bacco sheet.
[0020] An outline of a sixth aspect is that, in any one of
the first aspect to the fifth aspect, the die has a slot-
shaped discharge port through which the reconstituted
tobacco raw material is discharged in a sheet shape, and
the manufacturing apparatus for a reconstituted tobacco
sheet includes a plurality of the temperature adjustment
devices mounted to the die along a longitudinal direction
of the discharge port and controllable independently of
each other.
[0021] According to the sixth aspect, it is possible to
partially adjust the temperature of the reconstituted to-
bacco raw material passing through the die in the long-
itudinal direction of the discharge port of the die, that is, in
the width direction orthogonal to the discharge direction.
Therefore, when the flow rate is not uniform in the width
direction, it is possible to suppress formation of wrinkles
in the discharged sheet-shaped reconstituted tobacco
raw material by partially adjusting the temperature (that

is, viscosity) of reconstituted tobacco.
[0022] An outline of a seventh aspect is that, in any one
of the first aspect to the sixth aspect, a control device
configured to control an operation of the temperature
adjustment device is provided.
[0023] According to the seventh aspect, the operation
of the temperature adjustment device can be controlled
by the control device, so it is possible to control the
operation of the temperature adjustment device such
that formation of wrinkles is suppressed according to
formation of wrinkles.
[0024] An outline of an eighth aspect is that, in the
seventh aspect, a first sensor that is communicably con-
nected to the control device and that measures the
temperature of the reconstituted tobacco raw material
passing through the die is provided and the control device
is configured to control an operation of the temperature
adjustment device based on measured data of the first
sensor.
[0025] According to the eighth aspect, for example,
when the temperature measured by the first sensor is
lower than a predetermined value, it is estimated that the
viscosity of the reconstituted tobacco raw material pas-
sing through the die is high, so the control device can
suppress formation of wrinkles by controlling the tem-
perature adjustment device such that the temperature of
the reconstituted tobacco raw material increases. For
example, when the temperature measured by the first
sensor is higher than a predetermined value, for exam-
ple, higher than or equal to 100°C, the control device is
capable of suppressing occurrence of a state change,
such as vaporization, of the reconstituted tobacco raw
material or a chemical change of the reconstituted to-
bacco raw material by controlling the temperature adjust-
ment device such that the temperature of the reconsti-
tuted tobacco raw material decreases.
[0026] Anoutline of a ninthaspect is that, in the seventh
aspect or the eighth aspect, an extruder that extrudes the
reconstituted tobacco raw material to the die is provided,
the extruder includes an extrusion screw, a chamber
through which the reconstituted tobacco raw material
extruded by the extrusion screw passes, and a second
sensor that is communicably connected to the control
device and that measures a temperature or a pressure in
the chamber, and the control device controls an operation
of the temperature adjustment device based on mea-
sured data of the second sensor.
[0027] According to the ninth aspect, the temperature
or the pressure in the chamber of the extruder can be
measured with the second sensor. When the tempera-
ture in the chamber is lower than a predetermined value
or when the pressure in the chamber is higher than a
predetermined value, it is estimated that the viscosity of
the reconstituted tobacco raw material is high. In this
case, there is a possibility that backflow of the reconsti-
tuted tobacco raw material from the die to the extruder
can occur. Furthermore, in this case, dispersion of raw
material inside the die is not facilitated, and there is a
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possibility that uniform discharge of the reconstituted
tobacco raw material from the die becomes difficult.
For this reason, according to the ninth aspect, for exam-
ple, when the temperature in the chamber is lower than a
predetermined value or when the pressure in the cham-
ber is higher than a predetermined value, the control
device is capable of controlling the operation of the
temperature adjustment device such that the reconsti-
tuted tobacco raw material is heated to decrease the
viscosity. For example, when the temperature in the
chamber is higher than a predetermined value, for ex-
ample, higher than or equal to 100°C, the control device is
capable of suppressing occurrence of a state change,
such as vaporization, of the reconstituted tobacco raw
material or a chemical change of the reconstituted to-
bacco raw material by controlling the temperature adjust-
ment device such that the temperature of the reconsti-
tuted tobacco raw material decreases.
[0028] An outline of a tenth aspect is that, in any one of
the seventh aspect to the ninth aspect dependent on the
sixth aspect, a third sensor that is communicably con-
nected to the control device and that measures an ap-
pearance, a flow rate, or a sheet thickness of the sheet-
shaped reconstituted tobacco raw material discharged
from the die is provided, and the control device controls
an operation of at least one of a plurality of the tempera-
ture adjustment devices based on measured data of the
third sensor.
[0029] According to the tenth aspect, the third sensor
measures the appearance, the flow rate, or the sheet
thickness, with the result that it is possible to detect
whether wrinkles are formed in the sheet-shaped recon-
stituted tobacco raw material. Specifically, the control
device can detect formation of wrinkles based on mea-
sured data on the appearance with the third sensor. The
control device receives measured data on the flow rate or
sheet thickness with the third sensor and can determine
that wrinkles are formed when a fluctuation range of the
sheet thickness or flow rate in a predetermined time falls
outside a predetermined range. In this way, when the
control device detects formation of wrinkles, it is possible
to suppress formation of wrinkles by, forexample, heating
or cooling the reconstituted tobacco raw material passing
through the die. The manufacturing apparatus for a re-
constituted tobacco sheet preferably includes third sen-
sors in the same number as the number of a plurality of
the temperature adjustment devices. In this case, the
plurality of third sensors is disposed along the width
direction to measure the thickness or flow rate of the
sheet-shaped reconstituted tobacco raw material at mul-
tiple points in the width direction, with the result that the
control device can detect a part where the sheet is thick (a
part where the flow rate is high) or a part where the sheet
is thin (a part where the flow rate is low) in the width
direction. The control device is capable of suppressing
formation of wrinkles by controlling the temperature ad-
justment device corresponding to the third sensor having
measured the thick part or thin part of the sheet in the

width direction according to this detection result.
[0030] An outline of an eleventh aspect is that, in the
seventh aspect, an extruder that extrudes the reconsti-
tuted tobacco raw material to the die and a third sensor
that is communicably connected to the control device and
that measures an appearance, a flow rate, or a sheet
thickness of the sheet-shaped reconstituted tobacco raw
material discharged from the die are provided, the control
device is configured to control an operation of the ex-
truder, and the control device controls an extrusion rate of
the extruder based on measured data of the third sensor.
[0031] It is found that wrinkles are formed in the sheet-
shaped reconstituted tobacco raw material when materi-
al is not uniformly dispersed inside the die and the flow
rate is not uniform in the discharge direction or in the width
direction. For this reason, when wrinkles are formed in
the sheet-shaped reconstituted tobacco raw material, the
pressure inside the die is increased and raw material is
uniformly dispersed by increasing the extrusion rate of
the extruder. As a result, formation of wrinkles in the
sheet-shaped reconstituted tobacco raw material is sup-
pressed. According to the eleventh aspect, the third
sensor measures the appearance, the flow rate, or the
sheet thickness, with the result that it is possible to detect
whether wrinkles are formed in the sheet-shaped recon-
stituted tobacco raw material. Specifically, the control
device can detect formation of wrinkles based on mea-
sured data on the appearance with the third sensor. The
control device receives measured data on the flow rate or
sheet thickness with the third sensor and can determine
that wrinkles are formed when, for example, a fluctuation
range of the sheet thickness or flow rate in a predeter-
mined time falls outside a predetermined range. In this
way, when the control device detects formation of wrin-
kles, it is possible to suppress formation of wrinkles by
increasing the extrusion rate of the extruder.
[0032] An outline of a twelfth aspect is that, in any one
of the first aspect to the eleventh aspect, a take-up device
that takes up the sheet-shaped reconstituted tobacco
raw material discharged from the die while applying ten-
sion to the sheet-shaped reconstituted tobacco raw ma-
terial is provided.
[0033] According to the twelfth aspect, tension can be
applied to the sheet-shaped reconstituted tobacco raw
material discharged from the die with the take-up device,
so, when wrinkles are formed in the sheet-shaped re-
constituted tobacco raw material, it is possible to stretch
the wrinkles and reduce the extent of the wrinkles.
[0034] A thirteenth aspect provides a manufacturing
method for a reconstituted tobacco sheet. The manufac-
turing method for a reconstituted tobacco sheet includes
adjusting a temperature of the reconstituted tobacco raw
material passing through a die, and discharging the
reconstituted tobacco raw material from the die in a sheet
shape.
[0035] It is found that one of causes of formation of
wrinkles of a reconstituted tobacco sheet discharged
from the die is a flowability of raw material. Specifically,
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when the flowability of raw material is low, the flow rate
can be not uniform in a discharge direction or in a width
direction. For this reason, according to the thirteenth
aspect, it is possible to decrease the viscosity of the
reconstituted tobacco raw material, that is, increase
the flowability of the reconstituted tobacco raw material,
by heating the reconstituted tobacco raw material pas-
sing through the die with the temperature adjustment
device. Alternatively, it is possible to uniform a discharge
flow rate in a width direction by partially heating a part with
a small discharge amount with the temperature adjust-
ment device to partially increase the discharge flow rate.
As a result, it is possible to suppress formation of wrinkles
in the reconstituted tobacco sheet. Wrinkles may be
formed when there occurs a part where the discharge
flow rate is high in the width direction of the reconstituted
tobacco sheet. For this reason, according to the thir-
teenth aspect, it is possible to uniform the discharge flow
rate in the width direction by partially cooling the part
where the discharge flow rate is high. As a result, it is
possible to suppress formation of wrinkles in the recon-
stituted tobacco sheet.
[0036] A fourteenth aspect provides a manufacturing
apparatus for a reconstituted tobacco sheet. The manu-
facturing apparatus for a reconstituted tobacco sheet
includes a die that discharges reconstituted tobacco
raw material in a sheet shape, an extruder that extrudes
the reconstituted tobacco raw material to the die, a con-
trol device configured to control an operation of the ex-
truder, and a first sensor that is communicably connected
to the control device and that measures an appearance, a
flow rate, or a sheet thickness of the sheet-shaped re-
constituted tobacco raw material discharged from the die,
and the control device controls an extrusion rate of the
extruder based on measured data of the first sensor.
[0037] It is found that wrinkles are formed in the sheet-
shaped reconstituted tobacco raw material when materi-
al is not uniformly dispersed inside the die and the flow
rate is not uniform in the discharge direction or in the width
direction. For this reason, when wrinkles are formed in
the sheet-shaped reconstituted tobacco raw material, the
pressure inside the die is increased and raw material is
uniformly dispersed by increasing the extrusion rate of
the extruder. As a result, formation of wrinkles in the
sheet-shaped reconstituted tobacco raw material is sup-
pressed. According to the fourteenth aspect, the first
sensor measures the appearance, the flow rate, or the
sheet thickness, with the result that it is possible to detect
whether wrinkles are formed in the sheet-shaped recon-
stituted tobacco raw material. Specifically, the control
device can detect formation of wrinkles based on mea-
sured data on the appearance with the first sensor. The
control device receives measured data on the flow rate or
sheet thickness with the first sensor and can determine
that wrinkles are formed when, for example, a fluctuation
range of the sheet thickness or flow rate in a predeter-
mined time falls outside a predetermined range. In this
way, when the control device detects formation of wrin-

kles, it is possible to suppress formation of wrinkles by
increasing the extrusion rate of the extruder.
[0038] An outline of a fifteenth aspect is that, in the
fourteenth aspect, the control device increases the ex-
trusion rate of the extruder when the control device
determines that a fluctuation range of the sheet thickness
or flow rate measured by the first sensor in a predeter-
mined time falls outside a predetermined range.
[0039] According to the fifteenth aspect, the control
device understands that the flow rate is not uniform in
the discharge direction of the sheet when a fluctuation
range of the thickness or flow rate measured by the first
sensor falls outside a predetermined range, and deter-
mines that wrinkles are formed. In this way, the control
device is capable of suppressing formation of wrinkles by
increasing the extrusion rate of the extruder when a
fluctuation range of the thickness or flow rate measured
by the first sensor falls outside a predetermined range.
[0040] An outline of a sixteenth aspect is that, in the
fourteenth aspect, the first sensor is configured to mea-
sure a thickness or a flow rate of the sheet-shaped
reconstituted tobacco raw material discharged from the
die at multiple points in a width direction, and the control
device increases the extrusion rate of the extruder based
on the thickness or the flow rate measured by the first
sensor at the multiple points.
[0041] According to the sixteenth aspect, the first sen-
sor measures the thickness or flow rate of the sheet-
shaped reconstituted tobacco raw material at multiple
points in the width direction, with the result that the control
device can detect a part where the sheet is thick (a part
where the flow rate is high) or a part where the sheet is
thin (a part where the flow rate is low) in the width
direction. The control device understands that wrinkles
are formed, for example, "when a part thicker than or
thinner than a predetermined thickness is detected",
"when a difference in thickness between selected two
points of multiple points falls outside a predetermined
numeric range", "when a difference between an average
value and a maximum value or a minimum value of
thicknesses at multiple points falls outside a predeter-
mined numeric range", "when a distribution of thick-
nesses at multiple points falls outside a predetermined
range", or the like, and is capable of suppressing forma-
tion of wrinkles by increasing the extrusion rate of the
extruder.
[0042] An outline of a seventeenth aspect is that, in the
fourteenth aspect, the control device determines whether
wrinkles are formed in the sheet-shaped reconstituted
tobacco raw material based on the appearance mea-
sured by the first sensor and increases the extrusion rate
of the extruder when the control device determines that
the wrinkles are formed.
[0043] According to the seventeenth aspect, the con-
trol device determines whether wrinkles are formed in the
sheet-shaped reconstituted tobacco raw material by ap-
plying, for example, a known image analysis or the like to
the appearance measured by the first sensor. Thus, the
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control device is capable of suppressing formation of
wrinkles by increasing the extrusion rate of the extruder.
[0044] An outline of an eighteenth aspect is that, in any
one of the fourteenth aspect to the seventeenth aspect, a
second sensor that is communicably connected to the
control device and that is configured to measure a pres-
sure inside the die or the extruder is provided, and the
control device decreases the extrusion rate of the ex-
truder when the control device determines that the pres-
sure measured by the second sensor is higher than or
equal to a predetermined value.
[0045] When the pressure inside the die or the extruder
is too high, there are concerns about occurrence of back-
flow from the die to the extruder. According to the eight-
eenth aspect, in, for example, a case where the control
device increases the extrusion rate of the extruder to
suppress formation of wrinkles, when the control device
determines that the pressure measured by the second
sensor is higher than or equal to a predetermined value,
the control device is capable of stabilizing a discharge
status by decreasing the extrusion rate of the extruder.
[0046] An outline of a nineteenth aspect is that, in any
one of the fourteenth aspect to the eighteenth aspect, a
third sensor that is communicably connected to the con-
trol device and that is configured to measure a tempera-
ture of the reconstituted tobacco raw material passing
through the die or the extruder is provided, and the control
device increases the extrusion rate of the extruder when
the control device determines that the temperature mea-
sured by the third sensor is lower than or equal to a
predetermined value.
[0047] In general, when the extrusion rate of the ex-
truder is increased, the temperature of the reconstituted
tobacco raw material also increases. When the tempera-
ture of the reconstituted tobacco raw material passing
through the die or the extruder is lower than or equal to a
predetermined value, it is presumable that the viscosity of
the reconstituted tobacco raw material inside the die or
the extruder is high or the extrusion rate is low, with the
result that there is a possibility that wrinkles can be
formed in the sheet-shaped reconstituted tobacco raw
material discharged from the die. According to the nine-
teenth aspect, when the control device determines that
the temperature measured by the third sensor is lower
than or equal to a predetermined value, it is possible to
suppress formation of wrinkles by increasing the extru-
sion rate of the extruder.
[0048] A twentieth aspect provides a manufacturing
method for a reconstituted tobacco sheet. The manufac-
turing method for a reconstituted tobacco sheet includes
supplying a reconstituted tobacco raw material to an
extruder, extruding the reconstituted tobacco raw mate-
rial to a die with the extruder, discharging the reconsti-
tuted tobacco raw material from the die in a sheet shape,
measuring an appearance, flow rate, or sheet thickness
of the sheet-shaped reconstituted tobacco raw material
discharged from the die, and controlling an extrusion rate
of the extruder based on a measurement result of the

appearance, flow rate, or sheet thickness of the recon-
stituted tobacco raw material.
[0049] It is found that wrinkles are formed in the sheet-
shaped reconstituted tobacco raw material when materi-
al is not uniformly dispersed inside the die and the flow
rate is not uniform in the discharge direction or in the width
direction. For this reason, when wrinkles are formed in
the sheet-shaped reconstituted tobacco raw material, the
pressure inside the die is increased and raw material is
uniformly dispersed by increasing the extrusion rate of
the extruder. As a result, formation of wrinkles in the
sheet-shaped reconstituted tobacco raw material is sup-
pressed. According to the twentieth aspect, it is possible
to detect whether there are wrinkles in sheet-shaped
reconstituted tobacco raw material by measuring the
appearance, flow rate, or sheet thickness of the sheet-
shaped reconstituted tobacco raw material discharged
from the die. Specifically, formation of wrinkles can be
detected based on a measurement result of the appear-
ance. When, for example, a fluctuation range of the sheet
thickness or flow rate in a predetermined time falls out-
side a predetermined range based on a measurement
result of the flow rate or sheet thickness, it can be de-
termined that wrinkles are formed. In this way, when
formation of wrinkles has been detected, it is possible
to suppress formation of wrinkles by increasing the ex-
trusion rate of the extruder.
[0050] An outline of a twenty-first aspect is that, in the
twentieth aspect, when a fluctuation range of the sheet
thickness or flow rate in a predetermined time falls out-
side a predetermined range, the extrusion rate of the
extruder is increased.
[0051] According to the twenty-first aspect, it is under-
stood that the flow rate is not uniform in the discharge
direction of the sheet when a fluctuation range of the
thickness or flow rate measured falls outside a predeter-
mined range, and it is determined that wrinkles are
formed. In this way, it is possible to suppress formation
of wrinkles by increasing the extrusion rate of the extruder
when a fluctuation range of the thickness or flow rate
measured falls outside a predetermined range.
[0052] An outline of a twenty-second aspect is that, in
the twentieth aspect, a thickness or a flow rate of the
sheet-shaped reconstituted tobacco raw material dis-
charged from the die at multiple points in a width direction
is measured, and the extrusion rate of the extruder is
increased based on the thickness or flow rate measured
at the multiple points.
[0053] According to the twenty-second aspect, by
measuring the thickness or flow rate of the sheet-shaped
reconstituted tobacco raw material at multiple points in
the width direction, a part where the sheet is thick (a part
where the flow rate is high) or a part where the sheet is
thin (a part where the flow rate is low) in the width direction
can be detected. Thus, it is estimated that wrinkles are
formed, for example, "when a part thicker than or thinner
than a predetermined thickness is detected", "when a
difference in thickness between selected two points of
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multiple points falls outside a predetermined numeric
range", "when a difference between an average value
and a maximum value or a minimum value of thicknesses
at multiple points falls outside a predetermined numeric
range", "when a distribution of thicknesses at multiple
points falls outside a predetermined range", or the like,
and it is possible to suppress formation of wrinkles by
increasing the extrusion rate of the extruder.
[0054] An outline of a twenty-third aspect is that, in the
twentieth aspect, it is determined whether wrinkles are
formed in the sheet-shaped reconstituted tobacco raw
material based on the appearance, and the extrusion rate
of the extruder is increased when the wrinkles are
formed.
[0055] According to the twenty-third aspect, it is deter-
mined whether wrinkles are formed in the sheet-shaped
reconstituted tobacco raw material based on the appear-
ance, and it is possible to suppress formation of the
wrinkles by increasing the extrusion rate of the extruder.
[0056] An outline of a twenty-fourth aspect is that, in
any one of the twentieth aspect to the twenty-third aspect,
a pressure inside the die or the extruder is measured and
the extrusion rate of the extruder is decreased when the
measured pressure is higher than or equal to a prede-
termined value.
[0057] When the pressure inside the die or the extruder
is too high, there are concerns about occurrence of back-
flow from the die to the extruder. According to the twenty-
fourth aspect, in, for example, a case where the extrusion
rate of the extruder is increased to suppress formation of
wrinkles, when it is determined that the measured pres-
sure is higher than or equal to a predetermined value, it is
possible to stabilize a discharge status by decreasing the
extrusion rate of the extruder.
[0058] An outline of a twenty-fifth aspect is that, in any
one of the twentieth aspect to the twenty-fourth aspect, a
temperature of the reconstituted tobacco raw material
passing through the die or the extruder is measured and
the extrusion rate of the extruder is increased when the
measured temperature is lower than or equal to a pre-
determined value.
[0059] In general, when the extrusion rate of the ex-
truder is increased, the temperature of the reconstituted
tobacco raw material also increases. When the tempera-
ture of the reconstituted tobacco raw material passing
through the die or the extruder is lower than or equal to a
predetermined value, it is presumable that the viscosity of
the reconstituted tobacco raw material inside the die or
the extruder is high or the extrusion rate is low, with the
result that there is a possibility that wrinkles can be
formed in the sheet-shaped reconstituted tobacco raw
material discharged from the die. According to the
twenty-fifth aspect, when it is determined that the mea-
sured temperature is lower than or equal to a predeter-
mined value, it is possible to suppress formation of wrin-
kles by increasing the extrusion rate of the extruder.
[0060] A twenty-sixth aspect provides a manufacturing
apparatus for a reconstituted tobacco sheet. The manu-

facturing apparatus for a reconstituted tobacco sheet
includes a die that discharges reconstituted tobacco
raw material in a sheet shape, and a take-up device that
takes up the sheet-shaped reconstituted tobacco raw
material discharged from the die, the take-up device
includes a pair of first drive rollers sandwiching the
sheet-shaped reconstituted tobacco raw material, and
the take-up device is configured to take off the sheet-
shaped reconstituted tobacco raw material while apply-
ing tension to the sheet-shaped reconstituted tobacco
raw material.
[0061] The discharged sheet-shaped reconstituted to-
bacco raw material is heated and dried in a downstream
process to be solidified, so the sheet-shaped reconsti-
tuted tobacco raw material discharged from the die is
easily ripped. According to the twenty-sixth aspect,
stable tension can be applied by sandwiching the
sheet-shaped reconstituted tobacco raw material dis-
charged from the die with the first drive rollers of the
take-up device. Thus, even when wrinkles are formed in
the sheet-shaped reconstituted tobacco raw material
discharged from the die, the wrinkles can be stretched
with the take-up device.
[0062] An outline of a twenty-seventh aspect is that, in
the twenty-sixth aspect, the take-up device includes a
pair of second drive rollers that take-up the sheet-shaped
reconstituted tobacco raw material from the pair of first
drive rollers while sandwiching the sheet-shaped recon-
stituted tobacco raw material, and a rotation speed of the
second drive rollers is higher than a rotation speed of the
first drive rollers.
[0063] According to the twenty-seventh aspect, since
the sheet-shaped reconstituted tobacco raw material is
taken off while being sandwiched by the first drive rollers
and the second drive rollers higher in rotation speed than
the first drive rollers, desired tension can be applied to the
sheet-shaped reconstituted tobacco raw material by a
difference in rotation speed between these pairs of drive
rollers. Therefore, it is possible to appropriately stretch
wrinkles by adjusting the rotation speed of the first drive
rollers and the rotation speed of the second drive rollers
according to the extent of wrinkles in the sheet-shaped
reconstituted tobacco raw material.
[0064] An outline of a twenty-eighth aspect is that, in
the twenty-sixth aspect or the twenty-seventh aspect, the
take-up device includes a tension roller configured to
apply tension to the sheet-shaped reconstituted tobacco
raw material taken off by the pair of first drive rollers and
movable in a predetermined direction, and a biasing
member pressing the tension roller against the sheet-
shaped reconstituted tobacco raw material.
[0065] According to the twenty-eighth aspect, it is pos-
sible to apply predetermined tension to the sheet-shaped
reconstituted tobacco raw material with the tension roller
and the biasing member.
[0066] An outline of a twenty-ninth aspect is that, in any
one of the twenty-sixth aspect to the twenty-eighth as-
pect, the take-up device includes a direction change
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roller located upstream of the first drive rollers and
changes a conveying direction of the sheet-shaped re-
constituted tobacco raw material discharged from the die.
[0067] Ordinarily, a discharge port of a die is oriented
downward in a vertical direction, so sheet-shaped recon-
stituted tobacco raw material is discharged downward in
the vertical direction. According to the twenty-ninth as-
pect, a conveying direction of the sheet-shaped recon-
stituted tobacco raw material can be changed to, for
example, a horizontal direction by the direction change
roller, so it is possible to appropriately convey the sheet-
shaped reconstituted tobacco raw material to a down-
stream take-up mechanism, such as the first drive rollers.
[0068] An outline of a thirtieth aspect is that, in any one
of the twenty-sixth aspect to the twenty-ninth aspect, the
take-up device includes a treatment roller located down-
stream of the first drive rollers and applies surface treat-
ment to the sheet-shaped reconstituted tobacco raw
material conveyed from the first drive rollers.
[0069] According to the thirtieth aspect, when the treat-
ment roller applies surface treatment, such as perforat-
ing, uneven processing, embossing, and debossing, to
sheet-shaped reconstituted tobacco raw material, it is
possible to increase the surface area of the sheet-shaped
reconstituted tobacco raw material. Thus, it is possible to
increase a flavor or an aerosol that is generated when the
sheet-shaped reconstituted tobacco raw material is
heated. When surface treatment with the treatment roller
is performed, there are concerns that the sheet-shaped
reconstituted tobacco raw material is easily ripped. Ac-
cording to the thirtieth aspect, the treatment roller is
located downstream of the first drive rollers, so applica-
tion of tension by the first drive rollers to surface-treated
sheet-shaped reconstituted tobacco raw material is
avoided, with the result that ripping of the sheet-shaped
reconstituted tobacco raw material can be suppressed.
[0070] An outline of a thirty-first aspect is that, in any
one of the twenty-sixth aspect to the thirtieth aspect, the
take-up device is configured to take off the sheet-shaped
reconstituted tobacco raw material at room temperature.
[0071] In a case where the take-up device includes, for
example, a heating roller, a drying roller, or the like, the
amount of moisture in the sheet-shaped reconstituted
tobacco raw material taken off changes, so the physical
properties can change. In this case, a tensile strength
varies over time, so there are concerns that there occurs
a part where stress concentrates in the sheet-shaped
reconstituted tobacco raw material and the sheet-shaped
reconstituted tobacco raw material is easily ripped. Ac-
cording to the thirty-first aspect, since heating or drying is
not actively performed in the take-up device, it is possible
to take off the sheet-shaped reconstituted tobacco raw
material while applying tension to the sheet-shaped re-
constituted tobacco raw material in a state where physi-
cal properties are less likely to change. Therefore, it is
possible to stretch wrinkles while suppressing ripping of
the sheet-shaped reconstituted tobacco raw material.
[0072] An outline of a thirty-second aspect is that, in

any one of the twenty-sixth aspect to the thirty-first as-
pect, a control device that controls driving of the pair of
first drive rollers and a sheet sensor that is communicably
connected to the control device and that measures a flow
rate of the sheet-shaped reconstituted tobacco raw ma-
terial discharged from a die are provided, and the control
device is configured to control a rotation speed of the pair
of first drive rollers based on flow rate data measured by
the sheet sensor.
[0073] According to the thirty-second aspect, it is pos-
sible to apply desired tension to the sheet-shaped recon-
stituted tobacco raw material while controlling the rota-
tion speed of the first drive rollers according to a flow rate.
[0074] An outline of a thirty-third aspect is that, in any
one of the twenty-sixth aspect to the thirty-second as-
pect, a control device that controls driving of the pair of
first drive rollers and a tension sensor that is commu-
nicably connected to the control device and that mea-
sures tension applied to the sheet-shaped reconstituted
tobacco raw material discharged from the die are pro-
vided, and the control device is configured to control a
rotation speed of the pair of first drive rollers based on
tension data measured by the tension sensor.
[0075] According to the thirty-third aspect, it is possible
to apply desired tension to the sheet-shaped reconsti-
tuted tobacco raw material by controlling the rotation
speed of the first drive rollers according to tension actu-
ally applied to the sheet-shaped reconstituted tobacco
raw material.
[0076] A thirty-fourth aspect provides a manufacturing
method for a reconstituted tobacco sheet. The manufac-
turing method for a reconstituted tobacco sheet includes
discharging the reconstituted tobacco raw material from
a die in a sheet shape, taking off the sheet-shaped
reconstituted tobacco raw material by sandwiching the
sheet-shaped reconstituted tobacco raw material with a
pair of first drive rollers, and applying tension to the sheet-
shaped reconstituted tobacco raw material.
[0077] A discharged tobacco sheet is heated and dried
to be solidified in a downstream process, so the tobacco
sheet discharged from the die is easily ripped. According
to the thirty-fourth aspect, stable tension can be applied
by sandwiching the sheet-shaped reconstituted tobacco
raw material discharged from the die with the first drive
rollers. Thus, even when wrinkles are formed in the
sheet-shaped reconstituted tobacco raw material dis-
charged from the die, the wrinkles can be stretched.
[0078] An outline of a thirty-fifth aspect is that, in the
thirty-fourth aspect, the sheet-shaped reconstituted to-
bacco raw material from the pair of first drive rollers is
taken off while being sandwiched by a pair of second
drive rollers, and a rotation speed of the second drive
rollers is higher than a rotation speed of the first drive
rollers.
[0079] According to the thirty-fifth aspect, since the
sheet-shaped reconstituted tobacco raw material is ta-
ken off while being sandwiched by the first drive rollers
and the second drive rollers higher in rotation speed than
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the first drive rollers, desired tension can be applied to the
sheet-shaped reconstituted tobacco raw material by a
difference in rotation speed between these pairs of drive
rollers. Therefore, it is possible to appropriately stretch
wrinkles by adjusting the rotation speed of the first drive
rollers and the rotation speed of the second drive rollers
according to the extent of wrinkles in the sheet-shaped
reconstituted tobacco raw material.
[0080] An outline of a thirty-sixth aspect is that, in the
thirty-fourth aspect or the thirty-fifth aspect, tension is
applied with a tension roller to the sheet-shaped recon-
stituted tobacco raw material taken off by the pair of first
drive rollers by pressing the tension roller against the
sheet-shaped reconstituted tobacco raw material.
[0081] According to the thirty-sixth aspect, it is possible
to apply predetermined tension to the sheet-shaped re-
constituted tobacco raw material with the tension roller.
[0082] An outline of a thirty-seventh aspect is that, in
any one of the thirty-fourth aspect to the thirty-sixth
aspect, a conveying direction of the sheet-shaped recon-
stituted tobacco raw material discharged from the die is
changed upstream of the first drive rollers.
[0083] Ordinarily, a discharge port of a die is oriented
downward in a vertical direction, so sheet-shaped recon-
stituted tobacco raw material is discharged downward in
the vertical direction. According to the thirty-seventh
aspect, a conveying direction of the sheet-shaped recon-
stituted tobacco raw material can be changed to, for
example, a horizontal direction, so it is possible to appro-
priately convey the sheet-shaped reconstituted tobacco
raw material to a downstream take-up mechanism, such
as the first drive rollers.
[0084] An outline of a thirty-eighth aspect is that, in any
one of the thirty-fourth aspect to the thirty-seventh as-
pect, surface treatment is applied to the sheet-shaped
reconstituted tobacco raw material conveyed from the
first drive rollers downstream of the first drive rollers.
[0085] According to the thirty-eighth aspect, when sur-
face treatment, such as perforating, uneven processing,
embossing, and debossing, is applied to sheet-shaped
reconstituted tobacco raw material, it is possible to in-
crease the surface area of the sheet-shaped reconsti-
tuted tobacco raw material. Thus, it is possible to in-
crease a flavor or an aerosol that is generated when
the sheet-shaped reconstituted tobacco raw material is
heated.
[0086] An outline of a thirty-ninth aspect is that, in any
one of the thirty-fourth aspect to the thirty-eighth aspect,
the sheet-shaped reconstituted tobacco raw material is
taken off by the first drive rollers at room temperature.
[0087] In a case where the take-up process includes,
for example, a heating process, a drying process, or the
like, the amount of moisture in the sheet-shaped recon-
stituted tobacco raw material taken off changes, so the
physical properties can change. In this case, a tensile
strength varies over time, so there are concerns that
there occurs a part where stress concentrates in the
sheet-shaped reconstituted tobacco raw material and

the sheet-shaped reconstituted tobacco raw material is
easily ripped. According to the thirty-ninth aspect, since
heating or drying is not actively performed in the take-up
process, it is possible to take off the sheet-shaped re-
constituted tobacco raw material while applying tension
to the sheet-shaped reconstituted tobacco raw material
in a state where physical properties are less likely to
change. Therefore, it is possible to stretch wrinkles while
suppressing ripping of the sheet-shaped reconstituted
tobacco raw material.
[0088] An outline of a fortieth aspect is that, in any one
of the thirty-fourth aspect to the thirty-ninth aspect, a flow
rate of the sheet-shaped reconstituted tobacco raw ma-
terial discharged from the die is measured, and a rotation
speed of the first drive rollers is controlled based on
measured flow rate data.
[0089] According to the fortieth aspect, it is possible to
apply desired tension to the sheet-shaped reconstituted
tobacco raw material while controlling the rotation speed
of the first drive rollers according to a flow rate.
[0090] An outline of a forty-first aspect is that, in any
one of the thirty-fourth aspect to the fortieth aspect,
tension applied to the sheet-shaped reconstituted tobac-
co raw material discharged from the die is measured, and
a rotation speed of the first drive rollers is controlled
based on measured tension data.
[0091] According to the forty-first aspect, it is possible
to apply desired tension to the sheet-shaped reconsti-
tuted tobacco raw material by controlling the rotation
speed of the first drive rollers according to tension actu-
ally applied to the sheet-shaped reconstituted tobacco
raw material.

BRIEF DESCRIPTION OF DRAWINGS

[0092]

[Fig. 1] Fig. 1 is a schematic side sectional view of a
manufacturing apparatus for a reconstituted tobacco
sheet according to an embodiment.
[Fig. 2] Fig. 2 is a side view when a die shown in Fig. 1
is viewed from a discharge port side.
[Fig. 3] Fig. 3 is a side view of the die and a sheet-
shaped reconstituted tobacco raw material, taken
along the line 3‑3 in Fig. 1.
[Fig. 4] Fig. 4 is a side view of the die and the sheet-
shaped reconstituted tobacco raw material, taken
along the line 3‑3 in Fig. 1 according to another
embodiment.
[Fig. 5] Fig. 5 is a flowchart that shows a manufactur-
ing method for a reconstituted tobacco sheet.
[Fig. 6] Fig. 6 is a schematic side sectional view of a
take-up device.

DESCRIPTION OF EMBODIMENTS

[0093] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
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In the drawings described below, like reference signs
denote the same or corresponding structural elements,
and the description will not be repeated. In the specifica-
tion, a "discharge direction" means a direction in which
sheet-shaped reconstituted tobacco raw material is dis-
charged from a die or a direction in which sheet-shaped
reconstituted tobacco raw material is conveyed. In the
specification, a "width direction" means a direction ortho-
gonal to the discharge direction.
[0094] Fig. 1 is a schematic side sectional view of a
manufacturing apparatus for a reconstituted tobacco
sheet according to the present embodiment. Fig. 2 is a
side view when a die shown in Fig. 1 is viewed from a
discharge port side. As shown in Fig. 1, a manufacturing
apparatus 100 for a reconstituted tobacco sheet accord-
ing to the present embodiment includes a die 40 that
discharges reconstituted tobacco raw material in a sheet
shape. The manufacturing apparatus 100 for a reconsti-
tuted tobacco sheet can further include an extruder 10
configured to extrude reconstituted tobacco raw material
to the die 40.
[0095] The extruder 10 can include a housing 12, a
drawing screw 14, and an extrusion screw 16. The draw-
ing screw 14 is configured to rotate to extrude reconsti-
tuted tobacco raw material in a direction orthogonal to a
rotation axis of the drawing screw 14. The extrusion
screw 16 is configured to rotate to extrude reconstituted
tobacco raw material in a direction parallel to a rotation
axis of the extrusion screw 16. The housing 12 can be
made of a tough material, such as a metal, for example,
SUS. The housing 12 has an input port 12a, a conveying
space 12b, and a chamber 12c inside. The input port 12a
is open upward and accommodates the drawing screw
14 inside. The conveying space 12b accommodates the
extrusion screw 16. When reconstituted tobacco raw
material is put into the input port 12a, the put-in recon-
stituted tobacco raw material is drawn into the conveying
space 12b by rotation of the drawing screw 14. In the
conveying space 12b, reconstituted tobacco raw material
is extruded into the chamber 12c while being kneaded by
the extrusion screw 16. Reconstituted tobacco raw ma-
terial extruded by the extrusion screw 16 passes through
the chamber 12c and is extruded to the die 40. A dis-
charge rate of reconstituted tobacco raw material dis-
charged from the die 40 can be determined depending on
the rotation speed of the extrusion screw 16.
[0096] Here, reconstituted tobacco raw material is a
kneaded product including at least one material selected
from among polysaccharides (such as starch and dex-
trin), water or alcohol (such as ethanol and propylene
glycol) or at least one material selected by him or herself
as a selected liquid medium, and strips or granules of a
tobacco plant. Reconstituted tobacco raw material is not
limited to the above-described ones and may contain
another material.
[0097] The die 40 includes a housing 42 and a dis-
charge port 44 that discharges sheet-shaped reconsti-
tuted tobacco raw material S1. The housing 42 can be

made of a tough material, such as a metal, for example,
SUS. The housing 42 has a chamber 42a inside. The
chamber 42a communicates with the discharge port 44.
The die 40 can further include an adjustment tool 46 for
adjusting the thickness of the discharge port 44. The
adjustment tool 46 can be, for example, a tool, such as
a bolt, for adjusting the shape of a nozzle part of the
housing 42. The nozzle part defines the discharge port
44. A plurality of the adjustment tools 46 can be provided
in the width direction (a sheet depth direction in Fig. 1) of
the die 40 (see Figs. 3 and 4 (described later)). As shown
in Fig. 2, the discharge port 44 can have a slot shape.
Here, the "slot shape" is not limited a specific hole shape
and can be a selected shape having a predetermined
longitudinal direction. The discharge port 44 is disposed
such that the longitudinal direction is oriented in the width
direction (the sheet depth direction in Fig. 1) of the die 40.
[0098] As described above, at the time of discharging
the sheet-shaped reconstituted tobacco raw material S1
from the die 40, if the flow rate is not uniform in the
discharge direction or in the width direction orthogonal
to the discharge direction, there are concerns that wrin-
kles are formed in the discharged sheet-shaped recon-
stituted tobacco raw material S1. In the present embodi-
ment, the manufacturing apparatus 100 for a reconsti-
tuted tobacco sheet preferably includes a temperature
adjustment device 70 that adjusts the temperature of
reconstituted tobacco raw material passing through the
die 40. It is found that one of causes of formation of
wrinkles of the sheet-shaped reconstituted tobacco
raw material S1 discharged from the die 40 is a flowability
of raw material. Specifically, when the flowability of raw
material is low, the flow rate can be not uniform in a
discharge direction or in a width direction. For this reason,
in an example, the temperature adjustment device 70 can
include a heating device that heats reconstituted tobacco
raw material passing through the die 40. In this case, it is
possible to decrease the viscosity of reconstituted tobac-
co raw material, that is, increase the flowability of recon-
stituted tobacco raw material, by heating the reconsti-
tuted tobacco raw material passing through the die 40
with the temperature adjustment device 70. Alternatively,
it is possible to uniform a discharge flow rate in the width
direction by partially heating a part with a small discharge
amount with the temperature adjustment device 70 to
partially increase the discharge flow rate. As a result, it is
possible to suppress formation of wrinkles in the sheet-
shaped reconstituted tobacco raw material S1. Wrinkles
may be formed when there is a part where a discharge
flow rate is high in the width direction of the sheet-shaped
reconstituted tobacco raw material S1. In an example,
the temperature adjustment device 70 can include a
cooling device that cools reconstituted tobacco raw ma-
terial passing through the die 40. In this case, it is possible
to uniform the discharge flow rate in the width direction by
partially cooling the part where the discharge flow rate is
high with the temperature adjustment device 70. As a
result, it is possible to suppress formation of wrinkles in
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the sheet-shaped reconstituted tobacco raw material S1.
[0099] In a case where the temperature adjustment
device 70 includes a heating device, the heating device is
preferably configured to heat reconstituted tobacco raw
material such that the temperature of the reconstituted
tobacco raw material passing through the die 40 be-
comes lower than 100°C. In this case, it is possible to
suppress formation of wrinkles in the sheet-shaped re-
constituted tobacco raw material S1 by increasing the
flowability of reconstituted tobacco raw material while
suppressing condensation of moisture contained in the
reconstituted tobacco raw material at the discharge port
44 of the die 40 as a result of vaporization.
[0100] As shown in Fig. 1, the temperature adjustment
device 70 is preferably mounted to the die 40. In this case,
the temperature adjustment device 70 is capable of
directly adjusting via the die 40 the temperature of re-
constituted tobacco raw material passing through the die
40, so it is possible to further efficiently adjust the tem-
perature of the reconstituted tobacco raw material. In the
example shown in Fig. 1, the temperature adjustment
device 70 can be mounted so as to be in contact with the
surface of the housing 42 of the die 40. More specifically,
the temperature adjustment device 70 is preferably
mounted so as to be in contact with the surface of the
housing 42 and place the chamber 42a of the die 40 in
between. The temperature adjustment device 70 may be
mounted to the extruder 10. For example, in a case where
it is not possible to sufficiently heat reconstituted tobacco
raw material during passage of the die 40, the reconsti-
tuted tobacco raw material passing through the extruder
10 may be heated with the temperature adjustment de-
vice 70 mounted to the extruder 10.
[0101] As shown in Fig. 1, the manufacturing appara-
tus 100 for a reconstituted tobacco sheet preferably
further includes a control device 60 configured to control
operation of the temperature adjustment device 70. In
this case, the operation of the temperature adjustment
device 70 can be controlled by the control device 60, so it
is possible to control the operation of the temperature
adjustment device 70 such that formation of wrinkles is
suppressed according to formation of the wrinkles. The
control device 60 can be configured to be communicable
with the temperature adjustment device 70.
[0102] The manufacturing apparatus 100 for a recon-
stituted tobacco sheet preferably includes a temperature
sensor 24 (which corresponds to an example of the first
sensor) that is communicably connected to the control
device 60 and that measures the temperature of recon-
stituted tobacco raw material passing through the die 40.
In this case, the control device 60 controls the operation
of the temperature adjustment device 70 based on mea-
sured data of the temperature sensor 24. For example,
when the temperature measured by the temperature
sensor 24 is lower than a predetermined value, it is
estimated that the viscosity of the reconstituted tobacco
raw material passing through the die 40 is high, so the
control device 60 can suppress formation of wrinkles by

controlling the temperature adjustment device 70 such
that the temperature of the reconstituted tobacco raw
material increases. For example, when the temperature
measured by the temperature sensor 24 is higher than a
predetermined value, for example, higher than or equal to
100°C, the control device 60 is capable of suppressing
occurrence of a state change, such as vaporization,of the
reconstituted tobacco raw material or a chemical change
of the reconstituted tobacco raw material by controlling
the temperature adjustment device 70 such that the
temperature of the reconstituted tobacco raw material
decreases. As shown in Fig. 1, in the present embodi-
ment, to further accurately measure the temperature of
reconstituted tobacco raw material in the chamber 42a of
the die 40, at least part of the temperature sensor 24 can
be embedded in the housing 42 or exposed to the cham-
ber 42a.
[0103] The control device 60 may control the operation
of the temperature adjustment device 70 based on tem-
perature data received from a temperature or pressure
sensor 22 (described later) that measures the tempera-
ture or pressure of reconstituted tobacco raw material
passing through the chamber 12c.
[0104] The manufacturing apparatus 100 for a recon-
stituted tobacco sheet preferably includes the tempera-
ture or pressure sensor 22 (which corresponds to an
example of the second sensor) that is communicably
connected to the control device 60 and that measures
a temperature or pressure in the chamber 12c of the
extruder 10. In this case, the control device 60 controls
the operation of the temperature adjustment device 70
based on measured data of the temperature or pressure
sensor 22. Specifically, when the temperature in the
chamber 12c is lower than a predetermined value or
when the pressure in the chamber 12c is higher than a
predetermined value, it is estimated that the viscosity of
the reconstituted tobacco raw material is high. In this
case, there is a possibility that backflow of the reconsti-
tuted tobacco raw material from the die 40 to the extruder
10 can occur. Furthermore, in this case, dispersion of raw
material inside the die 40 (that is, the chamber 42a) is not
facilitated, there is a possibility that uniform discharge of
the reconstituted tobacco raw material from the die 40
becomes difficult. For this reason, for example, when the
temperature in the chamber 12c is lower than a prede-
termined value or when the pressure in the chamber 12c
is higher than a predetermined value, the control device
60 is capable of controlling the operation of the tempera-
ture adjustment device 70 such that the reconstituted
tobacco raw material is heated to decrease the viscosity.
For example, when the temperature in the chamber 12c is
higher than a predetermined value, for example, higher
than or equal to 100°C, the control device 60 is capable of
suppressing occurrence of a state change, such as va-
porization, of the reconstituted tobacco raw material or a
chemical change of the reconstituted tobacco raw ma-
terial by controlling the temperature adjustment device
70 such that the temperature of the reconstituted tobacco
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raw material decreases.
[0105] Furthermore, the manufacturing apparatus 100
for a reconstituted tobacco sheet preferably includes a
sheet sensor 26 (which corresponds to an example of the
third sensor) that is communicably connected to the
control device 60 and that measures an appearance,
flow rate, or sheet thickness of sheet-shaped reconsti-
tuted tobacco raw material discharged from the die 40. In
this case, the control device 60 controls the operation of
the temperature adjustment device 70 based on mea-
sured data of the sheet sensor 26.
[0106] Fig. 3 is a side view of the die 40 and the sheet-
shaped reconstituted tobacco raw material S1, taken
along the line 3‑3 in Fig. 1. In the example shown in
Fig. 3, the manufacturing apparatus 100 for a reconsti-
tuted tobacco sheet includes the single temperature
adjustment device 70 provided on one face of the housing
42 of the die 40 and the single sheet sensor 26. In this
case, the sheet sensor 26 measures the appearance, the
flow rate, or the sheet thickness, with the result that it is
possible to detect whether wrinkles are formed in the
sheet-shaped reconstituted tobacco raw material S1.
Specifically, the control device 60 can detect formation
of wrinkles based on measured data on the appearance
with the sheet sensor 26. The control device 60 receives
measured data on the flow rate or sheet thickness in a
predetermined range, to be measured by the sheet sen-
sor 26 and can determine that wrinkles are formed when
a fluctuation range of the sheet thickness or flow rate in a
predetermined time falls outside the predetermined
range. In this way, when the control device 60 detects
formation of wrinkles, the control device 60 is capable of
suppressing formation of wrinkles by controlling the tem-
perature adjustment device 70 such that reconstituted
tobacco raw material passing through the die 40 is heated
or cooled.
[0107] Fig. 4 is a side view of the die 40 and the sheet-
shaped reconstituted tobacco raw material S1, taken
along the line 3‑3 in Fig. 1 according to another embodi-
ment. As in the case of the example shown in Fig. 4, the
manufacturing apparatus 100 for a reconstituted tobacco
sheet preferably includes a plurality of (five in the draw-
ing) temperature adjustment devices 70 mounted to the
die 40 along the longitudinal direction of the discharge
port 44 (the width direction of the die 40) and controllable
independently of one another. In this case, in the long-
itudinal direction of the discharge port 44 of the die 40,
that is, in the width direction orthogonal to the discharge
direction, it is possible to partially adjust the temperature
of reconstituted tobacco raw material passing through
the die 40. Therefore, when the flow rate is not uniform in
the width direction, it is possible to suppress formation of
wrinkles in the discharged sheet-shaped reconstituted
tobacco raw material S1 by partially adjusting the tem-
perature (that is, viscosity) of reconstituted tobacco.
[0108] In this case, the control device 60 controls the
operation of at least one of the plurality of temperature
adjustment devices 70 based on measured data of the

sheet sensor 26. The sheet sensor 26 measures the
appearance, the flow rate, or the sheet thickness, with
the result that it is possible to detect whether wrinkles are
formed in the sheet-shaped reconstituted tobacco raw
material S1. Specifically, the control device 60 can detect
formation of wrinkles based on measured data on the
appearance with the sheet sensor 26. The control device
60 receives measured data on the flow rate or sheet
thickness with the sheet sensor 26 and can determine
that wrinkles are formed when a fluctuation range of the
sheet thickness or flow rate in a predetermined time falls
outside a predetermined range. In this way, when the
control device 60 detects formation of wrinkles, it is
possible to suppress formation of wrinkles by, for exam-
ple, heating or cooling the reconstituted tobacco raw
material passing through the die 40.
[0109] As shown in Fig. 4, in a case where the manu-
facturing apparatus 100 for a reconstituted tobacco sheet
includes the plurality of temperature adjustment devices
70, the manufacturing apparatus 100 may include the
single sheet sensor 26 and preferably includes a plurality
of the sheet sensors 26. Specifically, the manufacturing
apparatus 100 for a reconstituted tobacco sheet can
include a plurality of sheet sensors 26 arranged along
the width direction of the sheet-shaped reconstituted
tobacco raw material S1. In this case, the control device
60 controls the operation of at least one of the plurality of
temperature adjustment devices 70 based on measured
data of the plurality of sheet sensors 26. As shown in the
drawing, in a case where the manufacturing apparatus
100 for a reconstituted tobacco sheet includes the plur-
ality of temperature adjustment devices 70, the manu-
facturing apparatus 100 preferably includes sheet sen-
sors 26 in the same number as the number of the tem-
perature adjustment devices 70. In this case, the plurality
of third sensors 26 is disposed along the width direction
as shown in Fig. 4 to measure the thickness or flow rate of
the sheet-shaped reconstituted tobacco raw material S1
at multiple points in the width direction, with the result that
the control device 60 can detect a part where the sheet is
thick (a part where the flow rate is high) or a part where the
sheet is thin (a part where the flow rate is low) in the width
direction. The control device 60 is capable of suppressing
formation of wrinkles by controlling at least one of the
temperature adjustment devices 70, corresponding to
any one of the plurality of sheet sensors 26 having
measured the thick part or thin part of the sheet in the
width direction according to this detection result.
[0110] As described above, the control device 60 con-
trols the operation of the temperature adjustment device
70 to reduce wrinkles in the sheet-shaped reconstituted
tobacco raw material S1 discharged from the die 40. Not
limited to this, the control device 60 can reduce wrinkles
in the sheet-shaped reconstituted tobacco raw material
S1 discharged from the die 40 by controlling the operation
of the extruder 10.
[0111] As shown in Fig. 1, the control device 60 can be
communicably connected to the extruder 10. The control
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device 60 preferably controls the operation of the extru-
der 10. In this case, the control device 60 can control an
extrusion rate of the extruder 10 based on measured data
of the sheet sensor 26. As described above, it is found
that wrinkles are formed in the sheet-shaped reconsti-
tuted tobacco raw material S1 when material is not uni-
formly dispersed inside the die 40 and the flow rate is not
uniform in the discharge direction or in the width direction.
For this reason, when wrinkles are formed in the sheet-
shaped reconstituted tobacco raw material S1, the pres-
sure inside the die 40 (that is, the chamber 42a) is
increased and raw material is uniformly dispersed by
increasing the extrusion rate of the extruder 10. As a
result, formation of wrinkles in the sheet-shaped recon-
stituted tobacco raw material S1 is suppressed.
[0112] The sheetsensor 26 measures the appearance,
the flow rate, or the sheet thickness, with the result that it
is possible to detect whether wrinkles are formed in the
sheet-shaped reconstituted tobacco raw material S1.
Specifically, the control device 60 determines whether
wrinkles are formed in the sheet-shaped reconstituted
tobacco raw material S1 based on the appearance mea-
sured by the sheet sensor 26 and increases the extrusion
rate of the extruder 10 when the control device 60 de-
termines that the wrinkles are formed. The control device
60 determines whether wrinkles are formed in the sheet-
shaped reconstituted tobacco raw material S1 by apply-
ing, for example, a known image analysis or the like to the
appearance measured by the sheet sensor 26. Thus, the
control device 60 is capable of suppressing formation of
wrinkles by increasing the extrusion rate of the extruder
10.
[0113] The control device 60 can increase the extru-
sion rate of the extruder 10 when the control device 60
determines that a fluctuation range of the sheet thickness
or flow rate measured by the sheet sensor 26 in a pre-
determined time falls outside a predetermined range.
The control device 60 understands that the flow rate is
not uniform in the discharge direction of the sheet when a
fluctuation range of the thickness or flow rate measured
by the sheet sensor 26 falls outside a predetermined
range, and determines that wrinkles are formed. In this
way, the control device 60 is capable of suppressing
formation of wrinkles by increasing the extrusion rate
of the extruder 10 when a fluctuation range of the thick-
ness or flow rate measured by the sheet sensor 26 falls
outside a predetermined range.
[0114] The sheet sensor 26 is preferably configured to
measure a thickness or flow rate of the sheet-shaped
reconstituted tobacco raw material S1 discharged from
the die 40 at multiple points in the width direction. Spe-
cifically, for example, the sheet sensor 26 may include a
plurality of sheet sensors 26 as shown in Fig. 4, and a
thickness or flow rate at multiple points in the width
direction may be measured with the single sheet sensor
26. In this case, the control device 60 increases the
extrusion rate of the extruder 10 based on a thickness
or flow rate at multiple points, measured by the sheet

sensor 26. The sheet sensor 26 measures the thickness
or flow rate of the sheet-shaped reconstituted tobacco
raw material S1 at multiple points in the width direction,
with the result that the control device 60 can detect a part
where the sheet is thick (a part where the flow rate is high)
or a part where the sheet is thin (a part where the flow rate
is low) in the width direction. The control device 60 under-
stands that wrinkles are formed, for example, "when a
part thicker than or thinner than a predetermined thick-
ness is detected", "when a difference in thickness be-
tween selected two points of multiple points falls outside a
predetermined numeric range", "when a difference be-
tween an average value and a maximum value or a
minimum value of thicknesses at multiple points falls
outside a predetermined numeric range", "when a dis-
tribution of thicknesses at multiple points falls outside a
predetermined range", or the like, and is capable of
suppressing formation of wrinkles by increasing the ex-
trusion rate of the extruder 10.
[0115] As shown in Fig. 1, the manufacturing appara-
tus 100 for a reconstituted tobacco sheet preferably
includes a pressure sensor 28 that is communicably
connected to the control device 60 and that is configured
to measure a pressure inside the die 40. The temperature
or pressure sensor 22 and the pressure sensor 28 func-
tion as a sensor configured to measure a pressure in the
die 40 or the extruder 10. In this case, the control device
60 preferably decreases the extrusion rate of the extruder
10 when the control device 60 determines that a pressure
measured by the temperature or pressure sensor 22 or
the pressure sensor 28 is higher than or equal to a
predetermined value. When the pressure inside the die
40 or the extruder 10 is excessively high, there are
concerns about occurrence of backflow from the die 40
to the extruder 10. For example, in a case where the
control device 60 has suppressed formation of wrinkles
by increasing the extrusion rate of the extruder 10 based
on measured data of the sheet sensor 26 as described
above, there is a possibility that the pressure inside the
die 40 or the extruder 10 can excessively increase. The
control device 60 is capable of stabilizing a discharge
status by decreasing the extrusion rate of the extruder 10
when the control device 60 determines that a pressure
measured by the temperature or pressure sensor 22 or
the pressure sensor 28 is higher than or equal to a
predetermined value. In a case where a pressure mea-
sured by the temperature or pressure sensor 22 or the
pressure sensor 28 is high, it is possible to decrease the
viscosity by heating reconstituted tobacco raw material
inside the die 40 with the temperature adjustment device
70 to decrease the pressure. However, for example, in a
case where reconstituted tobacco raw material has been
already sufficiently heated by the temperature adjust-
ment device 70, it is particularly effective to decrease
the extrusion rate of the extruder 10.
[0116] As shown in Fig. 1, the manufacturing appara-
tus 100 for a reconstituted tobacco sheet includes the
temperature or pressure sensor 22 and the temperature
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sensor 24. The temperature or pressure sensor 22 and
the temperature sensor 24 function as a sensor config-
ured to measure the temperature of reconstituted tobac-
co raw material passing through the die 40 or the extruder
10. In this case, the control device 60 preferably in-
creases the extrusion rate of the extruder 10 when the
control device 60 determines that a temperature mea-
sured by the temperature or pressure sensor 22 or the
temperature sensor 24 is lower than or equal to a pre-
determined value. In general, when the extrusion rate of
the extruder 10 is increased, the temperature of the
reconstituted tobacco raw material also increases. When
the temperature of the reconstituted tobacco raw material
passing through the die 40 or the extruder 10 is lower than
or equal to a predetermined value, it is presumable that
the viscosity of the reconstituted tobacco raw material
inside the die 40 or the extruder 10 is high or the extrusion
rate is low, with the result that there is a possibility that
wrinkles can be formed in the sheet-shaped reconstituted
tobacco raw material S1 discharged from the die 40. For
this reason, when the control device 60 determines that
the temperature measured by the temperature or pres-
sure sensor 22 or the temperature sensor 24 is lower than
or equal to a predetermined value, it is possible to sup-
press formation of wrinkles by increasing the extrusion
rate of the extruder 10.
[0117] Next, a manufacturing method for a reconsti-
tuted tobacco sheet in the manufacturing apparatus 100
for a reconstituted tobacco sheet, described above, will
be described. The manufacturing method for a reconsti-
tuted tobacco sheet according to the present embodi-
ment includes adjusting the temperature of reconstituted
tobacco raw material passing through the die 40, and
discharging the reconstituted tobacco raw material from
the die 40 in a sheet shape. Alternatively, the manufac-
turing method for a reconstituted tobacco sheet includes
supplying reconstituted tobacco raw material to the ex-
truder 10, extruding the reconstituted tobacco raw ma-
terial to the die 40 with the extruder 10, discharging the
reconstituted tobacco raw material from the die 40 in a
sheet shape, measuring an appearance, flow rate, or
sheet thickness of the sheet-shaped reconstituted tobac-
co raw material S1 discharged from the die 40, and
controlling an extrusion rate of the extruder 10 based
on a measurement result of the appearance, flow rate, or
sheet thickness of the reconstituted tobacco raw materi-
al. Fig. 5 is a flowchart that shows a manufacturing
method for a reconstituted tobacco sheet.
[0118] As shown in Fig. 5, initially, reconstituted tobac-
co raw material is supplied to the extruder 10. Specifi-
cally, the reconstituted tobacco raw material is put into the
input port 12a of the extruder 10 (step S501). Subse-
quently, the reconstituted tobacco raw material is ex-
truded into the die 40 by the extruder 10. Specifically,
the reconstituted tobacco raw material is extruded into
the die 40 by the drawing screw 14 and the extrusion
screw 16 of the extruder 10 and is discharged from the die
40 in a sheet shape (step S502). Here, the control device

60 of the manufacturing apparatus 100 for a reconstituted
tobacco sheet can measure the temperature of recon-
stituted tobacco raw material passing through the die 40
or the extruder 10 with the temperature or pressure
sensor 22 or the temperature sensor 24, receive tem-
perature data from the temperature or pressure sensor
22 or the temperature sensor 24, and determine whether
the temperature of the reconstituted tobacco raw material
in the chamber 12c or the chamber 42a is lower than or
equal to a predetermined value (step S503). Alterna-
tively, the control device 60 can measure the pressure
inside the die 40 or the extruder 10 with the temperature
or pressure sensor 22 or the temperature sensor 24,
receives pressure data from the temperature or pressure
sensor 22 or the pressure sensor 28, determine whether
the pressure in the chamber 12c or the chamber 42a is
higher than or equal to a predetermined value (step
S503).
[0119] In a case where the control device 60 deter-
mines that the temperature of reconstituted tobacco raw
material in the chamber 12c or the chamber 42a is lower
than or equal to a predetermined value or in a case where
the control device 60 determines that the pressure in the
chamber 12c or the chamber 42a is higher than or equal
to a predetermined value (Yes in step S503), the control
device 60 can control the temperature adjustment device
70 such that the temperature of the reconstituted tobacco
raw material increases (step S506). Alternatively, in this
case, the control device 60 can increase the extrusion
rate of the extruder 10 (step S506). The control device 60
may perform both heating of reconstituted tobacco raw
material with the temperature adjustment device 70 and
increasing of the extrusion rate of the extruder 10 or may
perform only one of them.
[0120] In a case where the control device 60 deter-
mines that the temperature of the reconstituted tobacco
raw material in the chamber 12c or the chamber 42a is not
lower than or equal to a predetermined value or in a case
where the control device 60 determines that the pressure
in the chamber 12c or the chamber 42a is not higher than
or equal to a predetermined value (No in step S503), the
control device 60 executes the process of step S504. In
other words, the control device 60 receives data of the
appearance, flow rate, or sheet thickness from the sheet
sensor 26 and determines whether wrinkles are formed
(step S504).
[0121] Specifically, in a case where the single sheet
sensor 26 is provided as shown in Fig. 3, when a fluctua-
tion range of the sheet thickness or flow rate in a pre-
determined time falls outside a predetermined range as
described above, the control device 60 determines that
wrinkles are formed. In a case where the plurality of sheet
sensors 26 is provided as shown in Fig. 4, a thickness or
flow rate of the sheet-shaped reconstituted tobacco raw
material S1 discharged from the die 40 at multiple points
in the width direction is measured as described above,
and it is determined whether wrinkles are formed based
on a measurement result. The control device 60 can
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determine whether wrinkles are formed based on ap-
pearance data received from the sheet sensor 26.
[0122] In a case where the control device 60 deter-
mines that wrinkles are formed (Yes in step S504), the
control device 60 can control the temperature adjustment
device 70 such that the temperature of the reconstituted
tobacco raw material increases (step S506). Alterna-
tively, in this case, the control device 60 can increase
the extrusion rate of the extruder 10 (step S506). The
control device 60 may perform both heating of reconsti-
tuted tobacco raw material with the temperature adjust-
ment device 70 and increasing of the extrusion rate of the
extruder 10 or may perform only one of them.
[0123] In a case where the extrusion rate of the ex-
truder 10 is increased in step S506, the control device 60
can receive pressure data from the temperature or pres-
sure sensor 22 or the pressure sensor 28 and determine
whether the pressure in the chamber 12c or the chamber
42a is higher than or equal to a predetermined value (step
S507). In a case where formation of wrinkles is sup-
pressed by increasing the extrusion rate of the extruder
10 in step S506, there is a possibility that the pressure
inside the die 40 or the extruder 10 excessively in-
creases. Therefore, in a case where the control device
60 determines that the pressure in the chamber 12c or the
chamber 42a is higher than or equal to a predetermined
value (Yes in step S507), the control device 60 decreases
the extrusion rate in step S508. The predetermined value
here is a value higher than the predetermined value of
step S503.
[0124] In a case where the control device 60 deter-
mines in step S504 that wrinkles are not formed (No in
step S504), the control device 60 can receive tempera-
ture data from the temperature or pressure sensor 22 or
the temperature sensor 24 and determine whether the
temperature of the reconstituted tobacco raw material in
the chamber 12c or the chamber 42a is higher than a
predetermined value (step S505). The predetermined
value here is a value different from the predetermined
value in step S503 and is, for example, 100°C.
[0125] In a case where the control device 60 deter-
mines that the temperature of the reconstituted tobacco
raw material in the chamber 12c or the chamber 42a is
higher than or equal to a predetermined value (Yes in step
S506), the control device 60 can control the temperature
adjustment device 70 such that the temperature of the
reconstituted tobacco raw material decreases (step
S508). Alternatively, in this case, the control device 60
can decrease the extrusion rate of the extruder 10 (step
S506). The control device 60 may perform both cooling of
reconstituted tobacco raw material with the temperature
adjustment device 70 and decreasing of the extrusion
rate of the extruder 10 or may perform only one of them.
[0126] In the manufacturing apparatus 100 for a recon-
stituted tobacco sheet, the above-described step S501 to
step S508 are repeated, and a reconstituted tobacco
sheet with a relatively small amount of wrinkles is man-
ufactured. Only any one of step S503 and step S504 may

be executed. Step S505, step S507, and step 508 are
optional and can be omitted as needed. In a case where
two or more of step S503, step S504, and step S505 are
executed, the order of them can be selected.
[0127] Next, a take-up device that can be provided in
the manufacturing apparatus 100 for a reconstituted
tobacco sheet will be described. Fig. 6 is a schematic
side sectional view of the take-up device. As shown in
Fig. 6, the take-up device 80 is configured to take up the
sheet-shaped reconstituted tobacco raw material S1 dis-
charged from the die 40 shown in Fig. 1 and the like. The
take-up device 80 includes a pair of first drive rollers 82
that sandwich the sheet-shaped reconstituted tobacco
raw material S1 and is configured to take up the sheet-
shaped reconstituted tobacco raw material S1 while ap-
plying tension to the sheet-shaped reconstituted tobacco
raw material S1. The discharged sheet-shaped recon-
stituted tobacco raw material S1 is heated and dried in a
downstream process to be solidified, so the sheet-
shaped reconstituted tobacco raw material S1 dis-
charged from the die 40 is easily ripped. With the man-
ufacturing apparatus 100 for a reconstituted tobacco
sheet according to the present embodiment, stable ten-
sion can be applied by sandwiching the sheet-shaped
reconstituted tobacco raw material S1 discharged from
the die 40 with the first drive rollers 82 of the take-up
device 80. Thus, even when wrinkles are formed in the
sheet-shaped reconstituted tobacco raw material S1 dis-
charged from the die 40, the wrinkles can be stretched
with the take-off device 80. The take-up device 80 pre-
ferably takes up the sheet-shaped reconstituted tobacco
raw material S1 in a horizontal direction from the view-
point of conveyance, so the first drive rollers 82 preferably
sandwiches the sheet-shaped reconstituted tobacco raw
material S1 in the vertical direction.
[0128] As shown in the drawing, the take-up device 80
preferably includes a pair of second drive rollers 84 that
take up the sheet-shaped reconstituted tobacco raw
material S1 from the pair of first drive rollers 82 while
sandwiching the sheet-shaped reconstituted tobacco
raw material S1. The rotation speed of the second drive
rollers 84 is set so as to be higher than the rotation speed
of the first drive rollers 82. In this case, since the sheet-
shaped reconstituted tobacco raw material S1 is taken off
while being sandwiched by the first drive rollers 82 and
the second drive rollers 84 higher in rotation speed than
the first drive rollers 82, desired tension can be applied to
the sheet-shaped reconstituted tobacco raw material S1
by a difference in rotation speed between these pairs of
drive rollers. Therefore, it is possible to appropriately
stretch wrinkles by adjusting the rotation speed of the
first drive rollers 82 and the rotation speed of the second
drive rollers 84 according to the extent of wrinkles in the
sheet-shaped reconstituted tobacco raw material S1.
The second drive rollers 84 have rotation axes parallel
to the first drive rollers 82. As a result, the sheet-shaped
reconstituted tobacco raw material S1 is taken off in the
horizontal direction while being applied with tension by
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the first drive rollers 82 and the second drive rollers 84.
The first drive rollers 82 and the second drive rollers 84 of
the take-up device 80 may be controlled in operation by
the above-described control device 60, or a control de-
vice that controls the take-up device 80 and that is
different from the control device 60 may be provided.
[0129] The take-up device 80 preferably includes a
treatment roller that is located downstream of the first
drive rollers 82 and that applies surface treatment to the
sheet-shaped reconstituted tobacco raw material S1
conveyed from the first drive rollers 82. In this case, when
the treatment roller applies surface treatment, such as
perforating, uneven processing, embossing, and
debossing, to the sheet-shaped reconstituted tobacco
raw material S1, it is possible to increase the surface area
of the sheet-shaped reconstituted tobacco raw material
S1. Thus, it is possible to increase a flavor or an aerosol
that is generated when the sheet-shaped reconstituted
tobacco raw material S1 is heated. When surface treat-
ment with the treatment roller is performed, there are
concerns that the sheet-shaped reconstituted tobacco
raw material S1 is easily ripped. In the present embodi-
ment, the treatment roller is located downstream of the
first drive rollers 82, so application of tension by the first
drive rollers 82 to the surface-treated sheet-shaped re-
constituted tobacco raw material S1 is avoided, with the
result that ripping of the sheet-shaped reconstituted to-
bacco raw material S1 can be suppressed. In the embo-
diment shown in Fig. 6, the second drive rollers 84 have
the function of the treatment roller. However, not limited to
this, a treatment roller may be provided separately from
the second drive rollers 84.
[0130] As shown in the drawing, the take-up device 80
preferably includes a tension roller 86 movable in a
predetermined direction, and a biasing member 87 that
presses the tension roller 86 against the sheet-shaped
reconstituted tobacco raw material S1. The tension roller
86 is configured to apply tension to the sheet-shaped
reconstituted tobacco raw material S1 taken off by the
pair of first drive rollers 82. Predetermined tension can be
applied to the sheet-shaped reconstituted tobacco raw
material S1 by the tension roller 86 and the biasing
member 87. In the present embodiment, the biasing
member 87 applies tension to the sheet-shaped recon-
stituted tobacco raw material S1 by biasing the tension
roller 86 to the sheet-shaped reconstituted tobacco raw
material S1 taken off in the horizontal direction from a
vertically lower side toward a vertically upper side. By
adjusting the spring constant of the biasing member 87, it
is possible to easily adjust tension applied to the sheet-
shaped reconstituted tobacco raw material S1. The ten-
sion roller 86 is configured to rotate about a rotation axis
parallel to the first drive rollers 82.
[0131] The take-up device 80 preferably includes a first
direction change roller 88a that is located upstream of the
first drive rollers 82 and that changes the conveying
direction of the sheet-shaped reconstituted tobacco
raw material S1 discharged from the die 40. Ordinarily,

as shown in Fig. 6, the discharge port 44 of the die 40 is
oriented downward in the vertical direction, so the sheet-
shaped reconstituted tobacco raw material S1 is dis-
charged downward in the vertical direction. According
to the present embodiment, the conveying direction of the
sheet-shaped reconstituted tobacco raw material S1 can
be changed to, for example, the horizontal direction by
the first direction change roller 88a, so it is possible to
appropriately convey the sheet-shaped reconstituted to-
bacco raw material S1 to a downstream take-up mechan-
ism, such as the first drive rollers 82.
[0132] In the present embodiment, the sheet-shaped
reconstituted tobacco raw material S1 is partially taken
off in the vertical direction by the tension roller 86, so the
take-up device 80 includes a second direction change
roller 88b that changes the conveying direction of the
sheet-shaped reconstituted tobacco raw material S1, to
which tension is applied by the tension roller 86, to the
horizontal direction again.
[0133] The take-up device 80 is preferably configured
to take up the sheet-shaped reconstituted tobacco raw
material S1 at room temperature. In a case where the
take-up device 80 includes, for example, a heating roller,
a drying roller, or the like, the amount of moisture in the
sheet-shaped reconstituted tobacco raw material S1 ta-
ken off changes, so the physical properties can change.
In this case, a tensile strength varies over time, so there
are concerns that there occurs a part where stress con-
centrates in the sheet-shaped reconstituted tobacco raw
material S1 and the sheet-shaped reconstituted tobacco
raw material S1 is easily ripped. In the present embodi-
ment, since heating or drying is not actively performed in
the take-up device 80, it is possible to take up the sheet-
shaped reconstituted tobacco raw material S1 while ap-
plying tension to the sheet-shaped reconstituted tobacco
raw material S1 in a state where physical properties are
less likely to change. Therefore, it is possible to stretch
wrinkles while suppressing ripping of the sheet-shaped
reconstituted tobacco raw material S1.
[0134] The control device 60 shown in Fig. 1 may
control the rotation speed of the first drive rollers 82
based on flow rate data measured by the sheet sensor
26. In a case where the take-up device 80 includes the
second drive rollers 84, the control device 60 may control
the rotation speed of at least one pair of the first drive
rollers 82 and the second drive rollers 84 based on flow
rate data measured by the sheet sensor 26. Specifically,
the control device 60 can increase the rotation speed of at
least one pair of the first drive rollers 82 and the second
drive rollers 84 in a case where the flow rate of the sheet-
shaped reconstituted tobacco raw material S1 has in-
creased and can decrease the rotation speed of at least
one pair of the first drive rollers 82 and the second drive
rollers 84 in a case where the flow rate of the sheet-
shaped reconstituted tobacco raw material S1 has de-
creased.
[0135] As shown in Fig. 6, the take-up device 80 may
further include a tension sensor 89 that is communicably
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connected to the control device 60 and that measures
tension applied to the sheet-shaped reconstituted tobac-
co raw material S1 discharged from the die 40. The
control device 60 can control the first drive rollers 82
such that desired tension is applied to the sheet-shaped
reconstituted tobacco raw material S1 based on tension
data measured by the tension sensor 89. In a case where
the take-up device 80 includes the second drive rollers
84, the control device 60 can control at least one pair of
the first drive rollers 82 and the second drive rollers 84
such that desired tension is applied to the sheet-shaped
reconstituted tobacco raw material S1 based on mea-
sured data received from the tension sensor 89. Speci-
fically, the control device 60 can change a relative speed
between the first drive rollers 82 and the second drive
rollers 84. The tension sensor 89 shown in Fig. 6 can
measure tension applied to the sheet-shaped reconsti-
tuted tobacco raw material S1 based on a load applied to
the tension roller 86. The tension sensor 89 may be
provided in the first direction change roller 88a, the
second direction change roller 88b, the first drive rollers
82, or the second drive rollers 84. A known tension
sensor, such as a non-contact optical sensor, may be
used as the tension sensor 89.
[0136] Since the sheet-shaped reconstituted tobacco
raw material S1 discharged from the die 40 is easily
ripped as described above, a distance in which the
sheet-shaped reconstituted tobacco raw material S1 is
pulled is shortened to be less likely to be ripped by
passing the sheet-shaped reconstituted tobacco raw
material S1 through the plurality of freely rotating first
direction change roller 88a, tension roller 86, second
direction change roller 88b, first drive rollers 82, and
second drive rollers 84, in the take-up device 80 shown
in Fig. 6. The arrangement of the first direction change
roller 88a, the tension roller 86, the second direction
change roller 88b, the first drive rollers 82, and the
second drive rollers 84 may be changed as needed
according to the strength of the sheet-shaped reconsti-
tuted tobacco raw material S1. At least one of the first
direction change roller 88a, the second direction change
roller 88b, the first drive rollers 82, and the second drive
rollers 84 may be biased vertically or horizontally by a
movable spring, and tension applied from the roller to the
sheet-shaped reconstituted tobacco raw material S1may
be allowed to be adjusted without changing the speed of
each of the rollers. In the present embodiment, the first
direction change roller 88a and the second direction
change roller 88b are adopted in order to change the
conveying direction of the sheet-shaped reconstituted
tobacco raw material S1; however, the configuration is
not limited thereto. The number of direction change roll-
ers can be increased or reduced according to, for exam-
ple, the strength of the sheet-shaped reconstituted to-
bacco raw material S1, a conveying distance, the layout
of components of the take-up device 80, or the like.
[0137] Next, a manufacturing method for a reconsti-
tuted tobacco sheet in the manufacturing apparatus 100

for a reconstituted tobacco sheet, including the take-up
device 80, will be described. Initially, reconstituted tobac-
co raw material is supplied to the extruder 10, and the
reconstituted tobacco raw material is discharged from the
die 40 in a sheet shape. At this time, the sheet-shaped
reconstituted tobacco raw material S1 is taken off while
being sandwiched by the pair of first drive rollers 82, and
tension is applied to the sheet-shaped reconstituted to-
bacco raw material S1. Furthermore, the sheet-shaped
reconstituted tobacco raw material S1 from the pair of first
drive rollers 82 is preferably taken off while being sand-
wiched by the pair of second drive rollers 84. Here, as
described above, the rotation speed of the second drive
rollers 84 is set so as to be higher than the rotation speed
of the first drive rollers 82. As described above, down-
stream of the first drive rollers 82, the sheet-shaped
reconstituted tobacco raw material S1 conveyed from
the first drive rollers 82 is preferably applied to surface
treatment.
[0138] Furthermore, as shown in Fig. 6, upstream of
the first drive rollers 82, the conveying direction of the
sheet-shaped reconstituted tobacco raw material S1 dis-
charged from the die 40 is preferably changed. The
tension roller 86 is preferably pressed against the
sheet-shaped reconstituted tobacco raw material S1 to
apply tension with the tension roller 86 to the sheet-
shaped reconstituted tobacco raw material S1 taken off
by the pair of first drive rollers 82.
[0139] As shown in Fig. 6, the take-up device 80 ac-
cording to the present embodiment preferably does not
include a heating roller or a drying roller. In other words,
the sheet-shaped reconstituted tobacco raw material S1
is preferably taken off by the first drive rollers 82 at room
temperature.
[0140] In a case where the manufacturing apparatus
100 for a reconstituted tobacco sheet includes the sheet
sensor 26, the flow rate of the sheet-shaped reconsti-
tuted tobacco raw material S1 discharged from the die 40
may be measured, and the rotation speed of the first drive
rollers 82 may be controlled based on measured flow rate
data. In a case where the take-up device 80 includes the
second drive rollers 84, the rotation speed of at least one
pair of the first drive rollers 82 and the second drive rollers
84 may be controlled based on measured flow rate data.
[0141] In a case where the manufacturing apparatus
100 for a reconstituted tobacco sheet includes the ten-
sion sensor 89, tension applied to the sheet-shaped
reconstituted tobacco raw material S1 discharged from
the die 40 may be measured, and the rotation speed of
the first drive rollers 82 may be controlled based on
measured tension data. In a case where the take-up
device 80 includes the second drive rollers 84, at least
one pair of the first drive rollers 82 and the second drive
rollers 84 may be controlled based on measured tension
data. Specifically, a relative speed between the first drive
rollers 82 and the second drive rollers 84 can be changed.
[0142] The embodiment of the present invention has
been described above; however, the present invention is
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not limited to the above-described embodiment and may
be implemented in various forms within the scope of the
appended claims and the technical ideas described in the
specification and the drawings. Even any shape or ma-
terial not directly described in the specification and the
drawings is included in the scope of the technical ideas of
the invention of the subject application as long as it
provides operation and advantageous effects of the in-
vention of the subject application.

REFERENCE SIGNS LIST

[0143]

10 extruder
40 die
80 take-up device
82 first drive roller
84 second drive roller
86 tension roller
87 biasing member
88a first direction change roller
88b second direction change roller
100 manufacturing apparatus for a reconstituted to-

bacco sheet
S1 sheet-shaped reconstituted tobacco raw materi-

al

Claims

1. A manufacturing apparatus for a reconstituted to-
bacco sheet, the manufacturing apparatus compris-
ing:

a die that discharges reconstituted tobacco raw
material in a sheet shape; and
a take-up device that takes up the sheet-shaped
reconstituted tobacco raw material discharged
from the die, wherein
the take-up device includes a pair of first drive
rollers that sandwich the sheet-shaped recon-
stituted tobacco raw material and is configured
to take up the sheet-shaped reconstituted to-
bacco raw material while applying tension to the
sheet-shaped reconstituted tobacco raw mate-
rial.

2. The manufacturing apparatus for a reconstituted
tobacco sheet according to claim 1, wherein

the take-up device includes a pair of second
drive rollers that take up the sheet-shaped re-
constituted tobacco raw material from the pair of
first drive rollers while sandwiching the sheet-
shaped reconstituted tobacco raw material, and
a rotation speed of the second drive rollers is
higher than a rotation speed of the first drive
rollers.

3. The manufacturing apparatus for a reconstituted
tobacco sheet according to claim 1 or 2, wherein
the take-up device includes a tension roller config-
ured to apply tension to the sheet-shaped reconsti-
tuted tobacco raw material taken off by the pair of first
drive rollers and movable in a predetermined direc-
tion, and a biasing member pressing the tension
roller against the sheet-shaped reconstituted tobac-
co raw material.

4. The manufacturing apparatus for a reconstituted
tobacco sheet according to any one of claims 1 to
3, wherein
the take-up device includes a direction change roller
located upstream of the first drive rollers and
changes a conveying direction of the sheet-shaped
reconstituted tobacco raw material discharged from
the die.

5. The manufacturing apparatus for a reconstituted
tobacco sheet according to any one of claims 1 to
4, wherein
the take-up device includes a treatment roller located
downstream of the first drive rollers and applies
surface treatment to the sheet-shaped reconstituted
tobacco raw material conveyed from the first drive
rollers.

6. The manufacturing apparatus for a reconstituted
tobacco sheet according to any one of claims 1 to
5, wherein
the take-up device is configured to take up the sheet-
shaped reconstituted tobacco raw material at room
temperature.

7. The manufacturing apparatus for a reconstituted
tobacco sheet according to any one of claims 1 to
6, further comprising:

a control device that controls driving of the pair of
first drive rollers; and
a sheet sensor that is communicably connected
to the control device and that measures a flow
rate of the sheet-shaped reconstituted tobacco
raw material discharged from the die, wherein
the control device is configured to control a
rotation speed of the pair of first drive rollers
based on flow rate data measured by the sheet
sensor.

8. The manufacturing apparatus for a reconstituted
tobacco sheet according to any one of claims 1 to
7, further comprising:

a control device that controls driving of the pair of
first drive rollers; and
a tension sensor that is communicably con-
nected to the control device and that measures
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tension applied to the sheet-shaped reconsti-
tuted tobacco raw material discharged from the
die, wherein
the control device is configured to control a
rotation speed of the pair of first drive rollers
based on tension data measured by the tension
sensor.

9. A manufacturing method for a reconstituted tobacco
sheet, the manufacturing method comprising:

discharging the reconstituted tobacco raw ma-
terial from a die in a sheet shape; and
taking off the sheet-shaped reconstituted tobac-
co raw material by sandwiching the sheet-
shaped reconstituted tobacco raw material with
a pair of first drive rollers, and applying tension to
the sheet-shaped reconstituted tobacco raw
material.

10. The manufacturing method for a reconstituted to-
bacco sheet according to claim 9, the manufacturing
method further comprising:

taking off the sheet-shaped reconstituted tobac-
co raw material from the pair of first drive rollers
while sandwiching the sheet-shaped reconsti-
tuted tobacco raw material with a pair of second
drive rollers; and
setting a rotation speed of the second drive
rollers so as to be higher than a rotation speed
of the first drive rollers.

11. The manufacturing method for a reconstituted to-
bacco sheet according to claim 9 or 10, the manu-
facturing method further comprising:
applying tension with a tension roller to the sheet-
shaped reconstituted tobacco raw material taken off
by the pair of first drive rollers by pressing the tension
roller against the sheet-shaped reconstituted tobac-
co raw material.

12. The manufacturing method for a reconstituted to-
bacco sheet according to any one of claims 9 to 11,
the manufacturing method further comprising:
changing a conveying direction of the sheet-shaped
reconstituted tobacco raw material discharged from
the die upstream of the first drive rollers.

13. The manufacturing method for a reconstituted to-
bacco sheet according to any one of claims 9 to 12,
the manufacturing method further comprising:
applying surface treatment to the sheet-shaped re-
constituted tobacco raw material conveyed from the
first drive rollers downstream of the first drive rollers.

14. The manufacturing method for a reconstituted to-
bacco sheet according to any one of claims 9 to 13,

the manufacturing method further comprising:
taking off the sheet-shaped reconstituted tobacco
raw material by the first drive rollers at room tem-
perature.

15. The manufacturing method for a reconstituted to-
bacco sheet according to any one of claims 9 to 14,
the manufacturing method further comprising:

measuring a flow rate of the sheet-shaped re-
constituted tobacco raw material discharged
from the die; and
controlling a rotation speed of the first drive
rollers based on measured flow rate data.

16. The manufacturing apparatus for a reconstituted
tobacco sheet according to any one of claims 9 to
15, further comprising:

measuring tension applied to the sheet-shaped
reconstituted tobacco raw material discharged
from the die; and
controlling a rotation speed of the first drive
rollers based on measured tension data.
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