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Description
Technical Field

[0001] The presentinvention relates to afilling element
used for a flavor inhaling article, and a manufacturing
method therefor.

Background Art

[0002] PTL 1 describes a manufacturing method for a
filter used for a cigarette. The filter is formed by stacking
two or more sheets having a filtering function as a filter
material with a displacement of a certain width, folding the
stacked sheets into an S-shape or a Z-shape, and then
squeezing and rolling the stacked sheets into a cylindrical
shape.

Citation List
Patent Literature

[0003] PTL 1: Japanese Examined Patent Application
Publication No. 44-003727

Summary of Invention
Technical Problem

[0004] The filter can be used not only for a flavor
inhaling article including a combustion-heating-type ci-
garette described in PTL 1 but also for a non-combustion-
heating-type flavor inhaling article. A packing density of
filter material filling the filter significantly influences air-
flow resistance at the time when a user inhales a flavor
inhaling article and, by extension, a smoke taste that the
user obtains. When the packing density of the filter de-
creases, a gap or a void occurs in the filter element, with
the result that the smoke taste and appearance of the
flavor inhaling article are significantly impaired. In other
words, the packing density of the filter element is an
important factor to ensure the quality of the flavor inhaling
article.

[0005] In the manufacturing method described in PTL
1, at the time of changing the specifications of a flavor
inhaling article and a filter used for the flavor inhaling
article, the number of sheets needs to be changed by
preparing a plurality of sheets, a shift width of the stacked
sheets needs to be adjusted, or the specifications of a
sheet itself need to be changed, to adjust the packing
density of the filter. In this way, in an existing art, there are
a wide variety of filters to be formed by being filled with
sheets, in other words, a wide variety of parameters for
managing the packing density of a filling element used for
aflavorinhaling article, so it is difficult to easily and highly
accurately control the packing density of the filling ele-
ment according to requested specifications.

[0006] Acetate tow frequently used as a filter material
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so far is the one obtained by working fibers of acetate
resin, made from cellulose acetate, into a network struc-
ture and is defined as a plastic material. In these days, a
reduction in the amount of use of plastic material is
desired as an effort to achieve a goal 14th "Life Below
Water" in SDGs (Sustainable Development Goals).
Therefore, from the viewpoint of marine pollution, a re-
view of afilter material, thatis, afilling material, is needed.
[0007] The presentinvention is made in view of such a
problem, and it is an object of the present invention to
provide a filling element used for a flavor inhaling article
and a manufacturing method therefor, which are capable
of easily and highly accurately controlling a packing
density while giving consideration to marine pollution.

Solution to Problem

[0008] To achieve the above object, a filling element
according to an aspectis afilling element used for aflavor
inhaling article and includes: a sheet filled partreduced in
diameter by randomly gathering a sheet in a width direc-
tion intersecting with a longitudinal direction of the sheet;
and a wrapping paper wrapping the sheet filled part. The
sheetis adry nonwoven fabric obtained by bonding plant-
derived fibers to each other with a binder and drying the
plant-derived fibers.

[0009] A manufacturing method for a filling element
according to an aspect is a manufacturing method for a
filling element used for a flavor inhaling article and in-
cludes: a sheet processing step of processing a serial
sheet made of a dry nonwoven fabric obtained by bond-
ing plant-derived fibers to each other with a binder and
drying the plant-derived fibers, while conveying the serial
sheet; a gathering step of forming a gathering rod re-
duced in diameter by gathering the sheet, processed in
the sheet processing step, in a width direction intersect-
ing with a longitudinal direction of the sheet in a course of
conveying the sheet; a wrapping step of wrapping the
gathering rod, formed in the gathering step, with a wrap-
ping paper to form afiller rod; and a cutting step of cutting
the filler rod, formed in the wrapping step, into the filling
element.

Advantageous Effects of Invention

[0010] It is possible to easily and highly accurately
control a packing density of a filling element while giving
consideration to marine pollution.

Brief Description of Drawings
[0011]

[Fig. 1] Fig. 1 is a cross-sectional view of a non-
combustion-heating-type flavor inhaling article.
[Fig. 2] Fig. 2 is a cross-sectional view of a non-
combustion-heating-type flavor inhaling article ac-
cording to a modification.
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[Fig. 3] Fig. 3 is a cross-sectional view of a combus-
tion-heating-type flavor inhaling article.

[Fig. 4] Fig. 4 is a cross-sectional view of a combus-
tion-heating-type flavor inhaling article according to
a modification.

[Fig. 5] Fig. 5 is a cross-sectional view of a combus-
tion-heating-type flavor inhaling article according to
another modification.

[Fig. 6] Fig. 6is alongitudinal sectional view of afilling
element.

[Fig. 7] Fig. 7 is a perspective view of a sheet before
crimping.

[Fig. 8] Fig. 8 is a captured image of an enlarged
cross section of a sheet before crimping.

[Fig. 9] Fig. 9 is a perspective view of a sheet sub-
jected to crimping.

[Fig. 10] Fig. 10 is a captured image of an enlarged
cross section of a sheet subjected to crimping.
[Fig. 11]Fig. 11 is a captured image of a cross section
of a sheet of which a crimped depth is greater than
that in the case of Fig. 10.

[Fig. 12] Fig. 12 is a schematic diagram of a manu-
facturing apparatus for a filling element.

[Fig. 13] Fig. 13 is a flowchart that illustrates a
manufacturing method for a filling element.

[Fig. 14] Fig. 14 is a perspective view of a roller set
sandwiching a sheet.

[Fig. 15] Fig. 15 is a table showing sheets of various
specifications and the specifications of filler rods
manufactured from the sheets.

[Fig. 16] Fig. 16 is a graph that shows changes in air-
flow resistance PD of a filler rod when the crimped
depth is varied in each sheet with a different sheet
width.

[Fig. 17] Fig. 17 is a graph that shows changes in the
coefficient of variation of air-flow resistance shownin
Fig. 16.

[Fig. 18] Fig. 18 is a graph that shows sheet packing
fractions of filling elements respectively manufac-
tured from sheets with different specifications.

[Fig. 19] Fig. 19is a captured image of an end face of
a filling element of Sample A.

[Fig. 20] Fig. 20 is an image obtained by binarizing
the captured image of Fig. 19. Fig. 20 is a captured
image of the end face of the filling element of Sample
A.

[Fig. 21] Fig. 21 is a captured image of an end face of
a filling element of Sample E.

[Fig. 22] Fig. 22 is an image obtained by binarizing
the captured image of Fig. 21.

[Fig. 23] Fig. 23 is a captured image of an end face of
a filling element of Sample C.

[Fig. 24] Fig. 24 is an image obtained by binarizing
the captured image of Fig. 23.
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Description of Embodiments
<Flavor Inhaling Article>

[0012] Fig. 1 is a cross-sectional view of a non-com-
bustion-heating-type flavor inhaling article 1 (hereinafter,
also referred to as article). The article 1 is made up of a
flavor element 2, a tubular element4, and afilling element
6 in order from the left side in Fig. 1 (distal end side of the
article 1). The flavor element 2 is formed so as to be filled
with a flavor raw material 8.

[0013] A device (flavor inhaler) used to heat the flavor
element 2 includes, forexample, a needle-shaped heater
10. Only the heater 10 of the device is shownin Fig. 1. The
article 1 is set in the device, and the heater 10 is inserted
into the flavor element 2 to heat the flavor element 2.
Thus, a flavor component of the flavor raw material 8
vaporizes. A conductive member, such as a metal sheet
and metal particles, may be mixed in the flavor raw
material 8 filled in the flavor element 2. The conductive
member is heated by induced current when the device
generates a magnetic field, and the heated conductive
member heats the flavor element 2, with the result that
the flavor component of the flavor raw material 8 va-
porizes.

[0014] The flavor raw material 8 is, for example, cut
tobacco, an article obtained by shredding a tobacco
sheet, or an article obtained by gathering a tobacco
sheet. The flavor raw material 8 may be an article ob-
tained by adding a flavoring agent or a tobacco extract to
a sheet made from wood pulp fibers not containing to-
bacco, an article obtained by shredding a sheet made
from a non-tobacco plant, or an article obtained by gath-
ering a sheet of any one of them. A peripheral surface of
the flavor raw material 8 is wrapped with a wrapping
paper 12.

[0015] The tubular element 4 defines an airflow path in
the article 1 and is formed from, for example, a cylindrical
paper core 14. The paper core 14 is formed from a single-
ply or double-ply paper web. The filling element 6 is a
filtrating body filled with the filling material 16. In the filling
material 16, a sheet 34 made of nonwoven fabric is
gathered, that is, gathered and bound. A peripheral sur-
face of the filling element 6 is wrapped with a wrapping
paper 18.

[0016] Theelements 2,4, 6 are coaxially arranged and
disposed so as to be butted to each other in an axis
direction X, with the result that a serial body is formed.
The elements 2, 4, 6 are connected to each other by
wrapping a peripheral surface of the serial body with a
tipping paper 20. The tubular element 4 and the tipping
paper 20 each have an air hole 22 for taking air into the
article 1 during inhalation of the article 1. With air taken
from outside into the article 1 via the air holes 22, a flavor
component of the flavor element 2 and a volatile compo-
nent of an additive (described later) are cooled, and
aerosolization of these components is facilitated.
[0017] Fig. 2 is a cross-sectional view of a non-com-
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bustion-heating-type article 1 according to a modifica-
tion. The article 1 includes a filling element 6 as in the
case of Fig. 1 and further includes a filling element 6 at a
location adjacent to a side opposite to a tubular element 4
of the flavor element 2, that is, the distal end of the article
1. The distal-end filling element 6 is connected to the
flavor element 2 by a wrapping paper 24. the heater 10
penetrates through the distal-end filling element 6 and is
inserted into the flavor element 2.

[0018] At this time, the distal-end filling element 6
suppresses dropping of flavor raw material 8 out of the
flavor element 2 toward the proximal end of the heater 10.
In other words, the distal-end filling element 6 functions
as a support segment for supporting the flavor raw ma-
terial 8 filling the flavor element 2 such that the flavor raw
material 8 does not drop toward the heater 10 side in the
article 1. Thus, it is possible to suppress soiling of the
heater 10 of the device around its proximal end with the
dropped flavor raw material 8.

[0019] Fig. 3is a cross-sectional view of a combustion-
heating-type article 1. The article 1 is made up of a flavor
element 2 and a filling element 6 in order from the distal
end side. When the flavor element 2 is ignited and
heated, a flavor component of the flavor raw material 8
volatilizes. Fig. 4 is a cross-sectional view of a combus-
tion-heating-type article 1 according to a modification.
The article 1 is made up of a flavor element 2, a filter
element 26, and a filling element 6 in order from the distal
end side. The filter element 26 is formed by wrapping a
filter material 28 different from a filling material 16 of the
filling element 6, for example, acetate tow, with a wrap-
ping paper 30. The filter element 26 is connected to the
filling element 6 by a wrapping paper 32.

[0020] Fig.5isa cross-sectional view of a combustion-
heating-type article 1 according to another modification.
The article 1 is made up of a flavor element 2, a filling
element 6, and a filter element 26 in order from the distal
end side. The article 1 is a pattern in which arrangement
of the filter element 26 and filling element 6 of the article 1
of Fig. 4 is changed, and the remaining configuration is
similar to that of the article 1 of Fig. 4.

<Filling Element>

[0021] Fig. 6 shows an end face of the filling element 6.
The filling element 6 has a diameter D of 5.2 mm to 8.2
mm. The diameter D of the filling element 6 was mea-
sured with a filter rod measuring instrument (produced by
SODIM, "SODIM-D diameter (laser)" of "SODILINE ser-
ies"). The filling material 16 of the filling element 6 is a
sheet 34.

[0022] The sheet 34 is a dry nonwoven fabric obtained
by bonding plant-derived fibers, for example, wood pulp
fibers to each other with a water-soluble binder. Exam-
ples of the binder include starch, carboxymethyl cellu-
lose, polyvinyl alcohol, polyvinyl acetate, ethylene-vinyl
acetate copolymer, vinyl acetate-acrylic copolymer, guar
gum, and gellan gum. One of the above-described bin-
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ders may be used or two or more of the above-described
binders may be used in combination.

[0023] A large number of crimped parts 40 (described
later) are formed in the sheet 34. The sheet 34 may
contain an adsorbent, such as activated carbon, a flavor-
ing agent component, a carrier supporting a flavoring
agent component, a ground product of a herb plant, a
ground product of a tobacco plant, and an extract of a
tobacco plant, as additives. In this case, through heating
with the above-described heater 10 or the conductive
member, a flavor component contained in the above-
described additives can be vaporized from not only the
flavor element 2 but also the filling element 6. In other
words, the filling element 6 using the sheet 34 made from
nonwoven fabric containing the above-described addi-
tives has notonly a function of afilter element servingas a
filtrating body but also a function of the flavor element 2.
The sheet 34 is randomly gathered in the width direction Z
to reduce in diameter.

[0024] Thus, a gathering rod 84 (described later) is
formed and further cut into a sheet filled part 36. The
width direction Z is a direction that intersects with the
longitudinal direction X (the same direction as the axis
direction X) of the sheet 34 and is partially the same
direction as a radial direction Y of the filling element 6
shownin Fig. 6. Fig. 6 schematically shows an example in
which the sheet 34 is spirally gathered; however, gather-
ing is randomly performed, so a mode of gathering the
sheet 34 is not limited to the example shown in Fig. 6.
[0025] A peripheral surface of the sheetfilled part 36 is
wrapped with the wrapping paper 18, and wrapping is
performed by applying adhesive to both ends of the
wrapping paper 18. Thus, the filling element 6 is formed.
When a sheet 34 is gathered to form the sheet filled part
36, by extension, the filling element 6, it is not necessary
to prepare a plurality of sheets 34 and then change the
number of the sheets 34, adjust a shift width of the
stacked sheets 34, or change the specifications of the
sheet 34 itself, unlike the existing art, in order to adjust the
packing density of the filling element 6. Furthermore,
when the sheet 34 is subjected to crimping to form
crimped parts 40, it is possible optimize the packing
density of the sheet 34 in the sheet filled part 36.
[0026] Fig. 7 is a perspective view of the sheet 34
before crimping. Fig. 8 is a captured image of an enlarged
cross section of the sheet 34 before crimping. The sheet
34 has a basis weight of 30 g/m2to 100 g/m2, a thickness t
of 0.7 mm to 2.0 mm, and a sheet width Ws in the width
direction Z of 40 mm to 350 mm. The basis weight was
measured in compliant with ISO 9073-1: 1989, Textiles-
Test methods for nonwovens-Part 1: Determination of
mass per unit area. The thickness was measured in
compliant with ISO 9073-2:1995, Textiles-Test methods
for nonwovens-Part 2: Determination of thickness.
[0027] Since the sheet 34 is made from a web-like
nonwoven fabric not interwoven but intertangled, the
sheet 34 has a substantially irreversible extensibility in
the longitudinal direction X and has a large number of
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raised parts 38 on the front and back surfaces.
<Crimping of Sheet>

[0028] Fig. 9 is a perspective view of the sheet 34
subjected to crimping. Fig. 10 is a captured image of
an enlarged cross section of the sheet 34 subjected to
crimping. A predetermined number of recessed crimped
parts 40 arranged in the width direction Y and extending in
the longitudinal direction X are formed in the sheet 34. A
recess depth (crimped depth) d of each crimped part40is
less than or equal to 1.2 mm. Crimping means a crepe
treatment in which projections and recesses are em-
bossed on the sheet 34 at intervals.

[0029] The crimped parts 40 are projections and re-
cesses formed in the sheet 34 and are defined as re-
cessed portions recessed in various shapes and pro-
jected portions projected in various shapes on a flat
surface of the sheet 34. In the case shown in Fig. 10,
the crimped depth d of the crimped part 40 formed in the
sheet 34 is 0.3 mm, the raised part 38 more remarkably
occurs on the sheet 34 as compared to the case shown in
Fig. 8 when the fibers of the sheet 34 are extended and
split.

[0030] Fig. 11is a captured image of a cross section of
the sheet 34 of which the crimped depth d is greater than
thatinthe case of Fig. 10. In the case shownin Fig. 11, the
crimped depth d of the crimped part 40 formed in the
sheet 34 is 1.0 mm, extension and split of fibers of the
sheet 34 and occurrence of the raised part 38 are further
more remarkable. The crimped parts 40 formed in the
sheet 34 and extension, split, and the raised parts 38 of
fibers, which occur as a result of formation of the crimped
parts 40 increase the surface area of the sheet 34.
[0031] When the crimped parts 40 are formed in the
sheet 34, intertangling of fibers of the sheet 34 when the
sheet filled part 36 is formed is facilitated. When the
crimped depth d of each crimped part 40 is adjusted,
the sheetfilled parts 36, by extension, the filling elements
6, having multiple types of packing densities, can be
formed by using one type and single sheet 34. Therefore,
in comparison with the existing art, it is possible to easily
and highly accurately control the packing density of the
filling element 6. It is possible to effectively suppress
occurrence of gaps and voids in the filling element 6
and further improve the appearance of the end face of
the filling element 6.

<Manufacturing Apparatus and Manufacturing Method
for Filling Element>

[0032] Fig. 12is a schematic diagram of a manufactur-
ing apparatus 50 for the filling element 6. Fig. 13 is a
flowchart for illustrating a manufacturing method for the
filling element 6. The manufacturing apparatus 50 in-
cludes a sheet feeding section 52, a sheet processing
section 54, a gathering section 56, a wrapping section 58,
a cutting section 60, and the like. When manufacturing of

10

15

20

25

30

35

40

45

50

55

the filling element 6 is started, the sheet feeding section
52 feeds the serial sheet 34 to a conveying path 62 (S1:
sheet feeding step).

[0033] The sheet feeding section 52 includes a bobbin
64 around which the sheet 34 is wound, an S-roller set 66,
and the like. The S-roller set 66 includes a pair of rollers
66a, 66b spaced apart up and down. The outer periph-
eries ofthe rollers 66a, 66b are knurled, so the rollers 66a,
66b are capable of unreeling the sheet 34 from the bobbin
64 in a gripped state without a slide. In the sheet feeding
step S1, the sheet 34 unreeled from the bobbin 64 is
spanned in an S-shape between the pair of rollers 66a,
66b and fed to the conveying path 62 (P1: S-feed pro-
cess).

[0034] Through the S-feed process P1, the sheet 34
can be conveyed to the sheet processing section 54 in a
state where the thickness t of the sheet 34 is maintained
without flattening fibers including the raised parts 38 of
the sheet 34. When the sheet 34 can be conveyed to the
sheet processing section 54 in a state where the thick-
ness t of the sheet 34 is maintained, a single roller of
which the outer periphery is knurled may also be used
instead of the pair of rollers 66a, 66b. Three or more
similar rollers may be used. In any case, when a plurality
of rollers is used, it is important not to nip the sheet 34
between rollers in order to maintain the thickness t of the
sheet 34.

[0035] Subsequently, the sheet processing section 54
processes the sheet 34 while conveying the sheet 34 with
the conveying path 62 (S2: sheet processing step). The
sheet processing section 54 includes aroller set68 and a
control unit 70. The roller set 68 is made up of a first roller
72 and a second roller 74. The roller set 68 sandwiches
the sheet 34 with the first and second rollers 72, 74 and
conveys the sheet 34 along the conveying path 62.
[0036] A rotary shaft of at least one of the first and
second rollers 72, 74 is coupled to a drive shaft of a motor
(not shown) and is rotationally driven by the motor. The
motor is electrically connected to the control unit 70. A
rotation speed of each of the first and second rollers 72,
74 is controlled through the motor in accordance with a
signal from the control unit 70.

[0037] Fig. 14 is a perspective view of the roller set 68
sandwiching the sheet 34. The first roller 72 has pro-
truded projections (projected portions) 76 in a circumfer-
ential direction of its outer periphery. The second roller 74
has recesses (recessed portions) 78 meshing with the
projections 76 in the circumferential direction of the outer
periphery. When the roller set 68 conveys the sheet 34
while sandwiching the sheet 34, the first and second
rollers 72, 74 respectively rotate in arrow directions
shown in Fig. 14, with the result that the projections 76
and the recesses 78 mesh with each other via the sheet
34, and meshing parts 80 are formed in the roller set 68.
[0038] An intermeshing region 82 in which the prede-
termined number of meshing parts 80 are formed is
formed in a region over the outer periphery of each of
the first and second rollers 72, 74 in the circumferential
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direction in the roller set 68. The intermeshing region 82
applies crimping with the meshing parts 80 to a region of
the sheet 34 in the longitudinal direction X. Thus, a
predetermined number of crimped parts 40 correspond-
ing to the number of the meshing parts 80 are formed in
the sheet 34 (P2: crimping process). When the height of
the projections 76 and the depth of the recesses 78 in the
meshing parts 80 are changed, the crimped depth d of the
crimped parts 40 can be adjusted.

[0039] Subsequently, as shown in Figs. 12 and 13, in
the gathering section 56, a gathering rod 84 is formed by
gathering the sheet 34, crimped in the crimping process
P2 of the sheet processing step S2, in the width direction
Y to reduce in diameter in the course of conveying the
sheet 34 along the conveying path 62 (S3: gathering
step). When the gathering rod 84 is formed into a filler
rod 94 and then cut into the filling element 6 in the
following steps, the sheet filled part 36 is formed.
[0040] More specifically, the gathering section 56 is
made up of a liquid adding booth 86, a granule adding
unit 88, atrumpet guide 90, atong 92, and the like in order
from an upstream side of the conveying path 62 in a
conveying direction. The liquid adding booth 86 sprays
liquid additive to the sheet 34 before gathering (P3: liquid
adding process). The additive is, for example, liquid
containing a plasticizer and a flavoring agent. The gran-
ule adding unit 88 includes a hopper 88a and a spreading
roller 88b.

[0041] Granules are stored in the hopper 88a. The
spreading roller 88b spreads granules supplied from
the hopper 88a onto the sheet 34 before gathering.
The granules are granular additive and include, for ex-
ample, particles of activated carbon and flavoring agent.
The trumpet guide 90 and the tong 92 each have a
cylindrical shape. The trumpet guide 90 is formed such
that the inner periphery gradually reduces in diameter
from the upstream side of the conveying path 62.
[0042] The trumpet guide 90 randomly gathers the
sheet 34 conveyed along the conveying path 62 and
reduces the diameter of the sheet 34 into a rod shape
and discharges the sheet 34 toward the tong 92. When
the gathered rod-shaped sheet 34 passes through the
tong 92, the rod-shaped sheet 34 is further reduced in
diameterto a gathering rod 84 with a diameterless than or
equal to the diameter of the filling element 6.

[0043] Subsequently, the wrapping section 58 forms
the filler rod 94 by wrapping the gathering rod 84 with the
wrapping paper 18 fed (S4: wrapping step). Subse-
quently, the cutting section 60 forms the filling element
6 by cutting the filler rod 94 into a predetermined length
(S5: cutting step).

[0044] Fig. 15 shows sheets 34 of various specifica-
tions and the specifications of filler rods 94 manufactured
from the sheets 34. Fibers of NBSK (Nordic Bleached
Softwood Kraft pulp) or SBSK (Southern Bleached Soft-
wood Kraft pulp) as wood pulp were bonded with a binder
of A (EVA/PVAc (a mixture of ethylene-vinyl acetate
copolymer and polyvinyl acetate)) or B (poly vinyl acet-
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ate-acrylic copolymer) and dried to make the sheets 34 of
Samples No. 1 to No. 4.

[0045] As shown in Fig. 15, among the samples, a
weight ratio between wood pulp and binder that were
components of the sheet 34 was varied, while the length
of the sheet 34 in the longitudinal direction X and the
length in sheet width Ws (length X width) were constant.
Then, the thickness t, density, and air permeability of the
sheet 34 in each sample in a state where crimping had not
been performed were measured, and then the sheet 34
was fed to the manufacturing apparatus 50 to manufac-
ture the filler rod 94.

[0046] Furthermore, a plurality of filler rods 94 with a
predetermined length for each sample was prepared,
and the weight, circumference, packing density, degree
of complete round, PD (air-flow resistance), and hard-
ness of each filler rod 94 were measured, and average
values of these measurement values were calculated. A
CV (coefficient of variation) of PD was calculated from an
average value of PD and a standard deviation. As a result
of checking these calculated values shown in Fig. 15, it
was found that, even when the sheets 34 of various
specifications were used, the filler rods 94 of specifica-
tions close enough to the existing ones could be manu-
factured by using the manufacturing apparatus 50 ac-
cording to the embodiment. It was found that, when the
manufacturing apparatus 50 was used, the specifications
of the filler rod 94, by extension, the filling element 6 can
be controlled by setting the specifications of the sheet 34
in advance.

[0047] Fig. 16 shows changesin air-flow resistance PD
of the filler rod 94 when the crimped depth d is varied in
each sheet 34 with a different sheet width Ws. For each of
the sheets 34, fibers of SBSK were bonded with EVA/P-
VAc and dried to have a basis weight of 53 g/m2 and a
thickness t of 1.3 mm. The length of the filler rod 94
manufactured was 120 mm, and the circumference
was 24.2 mm. Furthermore, five types of the sheets 34
in the range of a sheet width Ws of 100 mm to 150 mm
were prepared, and the crimped depth d was changed in
the range of 0 mm to 0.5 mm in each sheet 34.

[0048] As aresult, it was found that, as the sheet width
Ws of the sheet 34 increased when the diameter D of the
filler rod 94 was constant, the sheet packing fraction of
the filler rod 94 increased, and the air-flow resistance PD
also increased. It was also found that, when the sheet 34
was subjected to crimping, the air-flow resistance PD
reduced as compared to the case where crimping was not
performed. Furthermore, it was found that, when the
crimped depth d was increased, the air-flow resistance
PD also increased.

[0049] Fig. 17 shows changes in the coefficient of
variation CV of air-flow resistance PD shown in Fig. 16.
A plurality of filler rods 94 manufactured by using each
sheet 34 with a different sheet width Ws was prepared,
and the air-flow resistances PD of the various filler rods
94 were measured. A standard deviation and average
value of the obtained air-flow resistances PD were cal-
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culated, and, by extension, the coefficient of variation CV
was calculated. As a result, it was found that, regardless
of the size of the sheet width Ws, when the crimped depth
d was increased, the coefficient of variation CV of the air-
flow resistance PD reduced. In other words, it was found
that, when the crimped depth d was increased, variations
in the air-flow resistance PD among the filler rods 94
reduced.

[0050] Fig. 18 shows the sheet packing fractions of
filling elements 6 respectively manufactured from the
sheets 34 with different specifications. For each of the
sheets 34, fibers of SBSK were bonded with EVA/PVAc
and dried to have a basis weight of 53 g/m2 and a
thickness t of 1.3 mm. Filling elements 6 each having a
constant diameter D were manufactured from the sheets
34 of Samples A to D of which the sheet widths Ws were
100 mm, 110 mm, 120 mm, and 128 mm and the crimped
depth d was 0 mm or 0.5 mm. Afilling element 6 that uses
acetate tow as a filling material was prepared as sample
E.

[0051] Images of the end faces of the filling elements 6
(or the cross sections of the filler rods 94) that were the
samples were captured with a camera, and the sheet
packing fractions were calculated through image analy-
sis by binarizing the captured images. As a result, it was
found that, when the crimped depth d was increased, the
sheet packing fraction approached 100%, occurrence of
gaps and voids in the filling element 6 could be effectively
suppressed, and furthermore the appearance of the end
face of the filling element 6 could be improved.

[0052] Fig. 19 shows a captured image of the end face
of the filling element 6 of Sample A. Fig. 20 shows an
image obtained by binarizing the captured image of Fig.
19. Since Sample A uses the sheet 34 of which the sheet
width Ws is relatively small 100 mm and the crimped
depth d is 0 mm, a large number of gaps 96 occur in the
filling element 6 as is apparent from Fig. 20. On the other
hand, Fig. 21 shows a captured image of the end face of
the filling element 6 of Sample E. Fig. 22 shows animage
obtained by binarizing the captured image of Fig. 20.
[0053] Since Sample E uses acetate tow as a filling
material, the sheet packing fraction is almost 100% as is
apparent from Fig. 22. In contrast, Fig. 23 shows a
captured image of the end face of the filling element 6
of Sample C. Fig. 24 shows an image obtained by binar-
izing the captured image of Fig. 23. Since Sample C uses
the sheet 34 of which the sheet width Wsiis relatively large
120 mm and the crimped depth d is 0.5 mm, gaps 96 do
not occur so much in the filling element 6 as is apparent
from Fig. 23.

[0054] Inotherwords, it was found that, even when the
sheet 34 was made from a filling material by setting the
sheet width Ws to a predetermined size and additionally
forming the crimped parts 40 with a predetermined
crimped depth d in the sheet 34, a sheet packing fraction
close to that of the filling element 6 using acetate tow as a
filling material could be implemented. As shown in Fig.
18, Sample D has a lower sheet packing fraction than
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Sample C.

[0055] This is presumably because, at the time of
manufacturing the filling element 6 having a constant
diameter D, if the sheet width Ws is too large, gaps 96
easily occur even when the sheet 34 is subjected to
crimping. Therefore, it was found that there were an
optimal sheet width Ws and an optimal crimped depth
d according to the diameter D of the filling element 6.
[0056] As described above, the filling element 6 ac-
cording to the embodiment includes the sheet filled part
36 reduced in diameter by randomly gathering a sheet 34
in the width direction Z and the wrapping paper 18 wrap-
ping the sheet filled part 36, and the sheet 34 is a dry
nonwoven fabric obtained by bonding plant-derived fi-
bers, such as wood pulp, to each other with a binder and
drying the plant-derived fibers. The sheet 34 made of
nonwoven fabric of wood pulp fibers is formed into the
gathering rod 84 in the gathering step S3 via the sheet
processing step S2 and is then formed into the filling
element 6 not using a plastic material sequentially via the
wrapping step S4 and the cutting step S5.

[0057] Thus, a goal 14th "Life Below Water" in SDGs
can be achieved, and it is possible to contribute to stop-
ping marine pollution due to plastic materials. The sheet
filled parts 36, by extension, the filling elements 6, having
multiple types of packing densities, can be formed by
using one type and single sheet 34. Therefore, it is
possible to easily and highly accurately control and opti-
mize the packing density of the filling element 6.

[0058] It is possible to suppress occurrence of gaps
and voids in the filling element 6 and optimize the air-flow
resistance PD of the filling element 6 by optimizing the
packing density of the filling element 6, so it is possible to
improve the smoke taste of the article 1. Itis also possible
to improve the appearance of the end face of the filling
element 6. Therefore, itis possible to ensure the quality of
the article 1.

[0059] More specifically, the filling element 6 has a
diameter D of 5.2 mm to 8.2 mm, and the sheet 34 has
a basis weight of 30 g/m2 to 100 g/m2, a thickness t of 0.7
mm to 2.0 mm, and a sheet width Ws of 40 mm to 350 mm.
From the measurement results shown in Figs. 15 to 18,
when the sheet 34 and the filling element 6 have the
above-described specifications, occurrence of gaps and
voids in the filling element 6 can be effectively sup-
pressed. Itis also possible to furtherimprove the appear-
ance of the end face of the filling element 6.

[0060] Thesheet34 hastherecessed crimped parts40
arranged in the width direction Z and extending in the
longitudinal direction X. The crimped parts 40 are formed
in the crimping process P2 of the sheet processing step
S2 in the course of conveying the sheet 34. Thus, it is
possible to increase the surface area of the sheet 34, and
intertangling of fibers of the sheet 34 when the sheet filled
part 36 is formed is facilitated. Therefore, it is possible to
further effectively suppress occurrence of gaps and voids
in the filling element 6 and further improve the appear-
ance of the end face of the filling element 6.
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[0061] A crimped depth d of each crimped part 40 is
less than or equal to 1.2 mm. Particularly, from the
measurement results shown in Figs. 16 and 18, when
the sheet 34 and the filling element 6 have the above-
described specifications, the air-flow resistance PD of the
filling element 6 can be further optimized, and variations
in the air-flow resistance PD can be suppressed. There-
fore, the quality of the article 1 further improves.

[0062] Inthe sheetfeeding step S1,the S-feed process
P1 in which the sheet 34 unreeled from the bobbin 64 is
spanned in an S-shape between the pair of rollers 66a,
66b spaced apart up and down and fed along the con-
veying path 62 is performed. Thus, the sheet 34 can be
conveyed to the sheet processing section 54 in a state
where the thickness t of the sheet 34 is maintained with-
out flattening fibers including the raised parts 38 of the
sheet 34. Therefore, at the time of adjusting the crimped
depth d of the crimped parts 40, it is not necessary to
strictly manage factors other than the crimped depth d,
that is, a degree of pressing and degree of extension of
the sheet 34. Therefore, it is possible to further easily and
highly accurately control the packing density of the filling
element 6.

[0063] The description of the embodiment has been
described above; however, the above-described embo-
diment is not restrictive and may be modified into various
forms without departing from the purport. For example,
the meshing part 80 of the roller set 68 can be formed by
meshing of projected portions and recessed portions of
shapes, other than the projections 76 or the recesses 78.
Thus, the formation region and crimping pattern of the
crimped parts 40 and the shape of the crimped parts 40,
formed in the sheet 34, are not limited to the above-
described embodiment and allow various changes.
Thus, since the flexibility of crimping of the sheet 34
increases, it is possible to further easily and highly ac-
curately control the packing density of the filling element
6.

[0064] Dependingonthe specifications ofthe sheet 34,
there can be a case where the sheet 34 is not subjected to
crimping (crimped depth d = 0 mm). The configuration of
the article 1, the position of the filling element 6 and the
number of the filling elements 6 in the article 1 are not
limited to the above-described embodiment. Since the
filling element 6 according to the embodiment can be
used as various elements for the article 1, wide variations
of the article 1 can be implemented.

Reference Signs List
[0065]

1 flavor inhaling article

6 filling element

18 wrapping paper

34 sheet (nonwoven fabric)
36 sheet filled part

40 crimped part

15

20

25

30

35

40

45

50

55

64 bobbin

66a, 66b pair of rollers
X longitudinal direction
Z width direction

d crimped depth

Claims

1. Afilling element used for a flavor inhaling article, the
filling element comprising:

a sheet filled part reduced in diameter by ran-
domly gathering a sheet in a width direction
intersecting with a longitudinal direction of the
sheet; and

a wrapping paper wrapping the sheet filled part,
wherein

the sheet is a dry nonwoven fabric obtained by
bonding plant-derived fibers to each other with a
binder and drying the plant-derived fibers.

2. The filling element according to claim 1, wherein

the filling element has a diameter of 5.2 mm to
8.2 mm, and

the sheet has a basis weight of 30 g/mZ2 to 100
g/m2, a thickness of 0.7 mm to 2.0 mm, and a
sheetwidthin the width direction of 40 mmto 350
mm.

3. Thefilling element according to claim 1 or 2, wherein
the sheet has crimped parts arranged in the width
direction and extending in the longitudinal direction.

4. The filling element according to claim 3, wherein a
crimped depth of each crimped part is less than or
equal to 1.2 mm.

5. A manufacturing method for afilling element used for
a flavor inhaling article, the manufacturing method
comprising:

a sheet processing step of processing a serial
sheet made of a dry nonwoven fabric obtained
by bonding plant-derived fibers to each other
with a binder and drying the plant-derived fibers,
while conveying the serial sheet;

a gathering step of forming a gathering rod re-
duced in diameter by gathering the sheet, pro-
cessed in the sheet processing step, in a width
direction intersecting with a longitudinal direc-
tion of the sheet in a course of conveying the
sheet;

a wrapping step of wrapping the gathering rod,
formed in the gathering step, with a wrapping
paper to form a filler rod; and

a cutting step of cutting the filler rod, formed in
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the wrapping step, into the filling element.

The manufacturing method for a filling element ac-
cording to claim 5, wherein, in the sheet processing
step, a crimping process of forming crimped parts,
arranged in the width direction and extending in the
longitudinal direction, in the sheet is performed in a
course of conveying the sheet.

The manufacturing method for a filling element ac-
cording to claim 6, further comprising

a sheet feeding step of, before the sheet proces-
sing step, feeding the serial sheet to a conveying
path, wherein

in the sheet feeding step, an S-feed process of
spanning the sheet unreeled from a bobbinin an
S-shape between a pair of rollers spaced apart
up and down and feeding the sheet to the con-
veying path is performed.
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CRIMPED DEPTH d (mm)

FIG. 15
SAMPLE
No.1 No.2 No.3 No.4
WOOD PULP SBSK NBSK SBSK NBSK
BINDER A A B B
WEIGHT RATIO BETWEEN ) ) ) )
WOOD PULPAND BiNDER 4-3 . 1-0 4-4 " 1-0 3-5 . 1-0 4-6 - 1-0
BASIS WEIGHT [g/m?] 43.8 50.6 455 515
(% LENGTH x WIDTH [mm| 108 X128 | 108 x 128 | 108 x 128 | 108 x 128
THICKNESS [mm] 0.93 1.18 0.98 1.08
DENSITY [g/om] 0.047 0.043 0.046 0.048
AIR PERMEABILITY [I/m/g]
(1S09073-15 METHOD OF 4135 2657 4149 2203
MEASURING NONWOVEN FABRIC)
LENGTH [mm] 108 108 108 108
WEIGHT [g] 0.71 0.85 0.79 0.84
CIRCUMFERENCE [mm] 243 243 241 24 1
5 PACKING DENSITY [g/om 0.124 0.144 0.131 0.149
% DEGREE OF COMPLETE ROUND %) 95 94 93 95
PD (AlRFL({)rmeFE\E]SlSTANCE) 237 627 267 560
COEFFICIENT OF VARIATION CV OF PD [%] 16 14 19 16
HARDNESS [%) 87 90 90 92
FIG. 16
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D—e 450 X X X
&< 400 x X x 100 mm
<Z‘:§ 350? 4110 mm
»no 300 )y o .
@D 9250 . e 0120 mm
EE 200 ¢ . o 0
;j 150 Q A Q 'Z_‘S : L4 128 mm
O o o - -
w100 o 150 mm
X 50
= 0
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