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Description
Technical Field

[0001] The present invention relates to a perforating
drum device and a perforation device.

Background Art

[0002] A heated cigarette having a tobacco rod formed
by wrapping a tobacco filler containing a tobacco raw
material (for example, cut tobacco, granulated tobacco,
a molded tobacco sheet) and an aerosol-source material
(e.g., glycerin, propylene glycol) with wrapping paper is
known. This kind of heated cigarette is combined with a
heating device (heated tobacco instrument) to constitute
a heated tobacco product and delivers, to a user, aerosol
generated by heating the tobacco filler by an electric heat-
er without burning the tobacco filler. As the electric heat-
er, heaters of various shapes such as a blade shape and
a rod shape are available, and to smoke or inhale, the
user inserts the electric heater into the tobacco rod from
a front end surface of the tobacco rod and thereby the
heated cigarette is attached to the heating device.

Citation List
Patent Document
[0003]

Patent Document 1: Japanese Unexamined Patent
Application Publication (Translation of PCT Applica-
tion) No. 2010-514435

Patent Document 2: Japanese Unexamined Patent
Application Publication (Translation of PCT Applica-
tion) No. 2011-507538

Patent Document 3: Japanese Unexamined Patent
Application Publication No. 11-266850

Patent Document 4: Japanese Unexamined Patent
Application Publication (Translation of PCT Applica-
tion) No. 2010-514438

Summary of Invention
Technical Problem

[0004] However,according to conventional heated cig-
arettes, insertionresistance during insertion of an electric
heater into a tobacco rod from a front end surface of the
tobacco rod is large. This may undesirably cause dam-
age such as bending or curving of the electric heater
during insertion into the tobacco rod (tobacco filler), push
the tobacco filler forming the tobacco rod toward an in-
halation side, and cause buckling distortion of the tobac-
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co rod. However, no production device that can perforate
a front end of a tobacco rod to form a hollow for heater
insertion as post-processing has been proposed yet. The
"post-processing"” indicates not perforating a continuous
tobacco rod obtained by rod formation by a continuous-
rod formation machine, but perforating a front end of a
tobacco rod obtained by cutting a continuous tobacco
rod.

[0005] Patent Documents 1 to 4 disclose techniques
related to a device and a method for producing a contin-
uous tobacco rod having a hollow passage extending
through the rod. For example, Patent Document 1 dis-
closes a device for producing a hollow-core continuous
tobacco rod and discloses forming a hollow core at a
center of a cross section of a continuous tobacco rod
along an axial direction by disposing a mandrel at a por-
tion where a hollow passage is to be formed when wrap-
ping cut tobacco placed on wrapping paper into a rod
shape by a garniture.

[0006] Patent Documents 2 to 4 disclose techniques
for wrapping up a hollow pipe and cut tobacco together
by a production device for forming a coaxial hollow core
tobacco rod. However, all of the techniques disclosed in
Patent Documents 1 to 4 are techniques for forming a
hollow core extending in an axial direction of a continuous
tobacco rod in advance or inserting a hollow pipe into the
continuous tobacco rod in advance when producing a
continuous tobacco rod. Therefore, after the continuous
tobacco rod is cut into tobacco rods having a predeter-
mined length, it is impossible to form, for example, a non-
through hollow part in a front end side of the tobacco rod
although it is possible to form a hollow part passing
through the tobacco rod in an axial direction. To form a
non-through hollow part at a front end of a tobacco rod,
it is necessary to form a hollow part at the front end of
the tobacco rod by post-processing, but there is no such
a device. In the first place, an idea of forming a hollow
part at a front end of a tobacco rod by post-processing
(by perforating not a tobacco continuous body but a to-
bacco rod obtained by cutting the tobacco continuous
body) is novel.

[0007] The present invention was accomplished in
view of the above circumstances, and an object of the
present invention is to provide a technique for forming a
hollow part at a front end of a tobacco rod of a heated
cigarette by post-processing. Solution to Problem
[0008] In order to solve the above problem, a perforat-
ing drum device for forming a hollow part in a tobacco
rod of a heated cigarette includes a rotating drum part
having, on an outer circumferential surface thereof, a
holding part that holds the heated cigarette so that an
axial direction of the tobacco rod extends along a drum
rotary axis; a perforating unit that is provided on the ro-
tating drum part and perforates a front end of the tobacco
rod of the heated cigarette held in the holding part in a
process of transporting the heated cigarette; and a cam
partthatis provided on arotating drum base part provided
beside the rotating drum part, wherein the perforating
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unit has a slide rod that circles in synchronization with
the rotating drum part and extends parallel with the drum
rotary axis, a perforating slider that has a perforating nee-
dle part disposed on an outer circumferential side relative
to the rotating drum part and is held by the slide rod so
as to be slidable back and forth along an axial direction
of the slide rod, and a cam follower that is provided on
the perforating slider, is engaged with the cam part, and
circles in accordance with rotation of the rotating drum
part while being guided by the cam part, so that the per-
forating slider slides back and forth along the axial direc-
tion of the slide rod, and the cam part includes at least
an insertion section that guides the cam follower so that
the perforating needle part is inserted into the tobacco
rod from the front end and an extraction section that
guides the cam follower so that the perforating needle
part is extracted from the tobacco rod.

[0009] The cam partmay have a guide rail that extends
in an arc shape about the drum rotary axis and accom-
modates the cam follower.

[0010] The cam partmay have a guide rail that extends
in an arc shape about the drum rotary axis and accom-
modates the cam follower.

[0011] The guide rail may be disposed in an annular
manner about the drum rotary axis.

[0012] The guide rail may have a three-dimensional
curved shape equally distanced from the drum rotary axis
and have an inclined guide part that is at least partially
inclined with respect to a virtual orthogonal surface or-
thogonal to the drum rotary axis; and the insertion section
and the extraction section may be formed by the inclined
guide part.

[0013] Theinclined guide part may include atleastone
of a constant-speed slide region where an inclination an-
gle with respect to the virtual orthogonal surface is con-
stant and a variable-speed slide region where the incli-
nation angle with respect to the virtual orthogonal surface
is not constant (i.e., changes).

[0014] An inclination angle of the extraction section
with respect to the virtual orthogonal surface may be
smaller than an inclination angle of the insertion section
with respect to the virtual orthogonal surface.

[0015] The rotating drum base part may have a cylin-
drical housing that is coaxial with the drum rotary axis,
and the guide rail may be provided along an outer cir-
cumferential surface of the cylindrical housing.

[0016] The cam part may be configured such that the
extraction section is longer than the insertion section.
[0017] The cam part may be disposed in an annular
manner about the drum rotary axis and may be config-
ured such thata second central angle ¢2 formed between
a directional vector of a third virtual perpendicular line
extending from a start position of the extraction section
toward the drum rotary axis and a directional vector of a
fourth virtual perpendicular line extending from an end
position of the extraction section toward the drum rotary
axis is larger than afirst central angle ¢1 formed between
a directional vector of a first virtual perpendicular line
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extending from a start position of the insertion section
toward the drum rotary axis and a directional vector of a
second virtual perpendicular line extending from an end
position of the insertion section toward the drum rotary
axis.

[0018] The cam part may be disposed in an annular
manner about the drum rotary axis and may be config-
ured such that a first central angle ¢1 formed between a
directional vector of a first virtual perpendicular line ex-
tending from a start position of the insertion section to-
ward the drum rotary axis and a directional vector of a
second virtual perpendicular line extending from an end
position of the insertion section toward the drum rotary
axis is 10° or more and 120° or less.

[0019] The cam part may be disposed in an annular
manner about the drum rotary axis and may be config-
ured such thata second central angle ¢2 formed between
a directional vector of a third virtual perpendicular line
extending from a start position of the extraction section
toward the drum rotary axis and a directional vector of a
fourth virtual perpendicular line extending from an end
position of the extraction section toward the drum rotary
axis is 10° or more and 180° or less.

[0020] The cam part may include, between the inser-
tion section and the extraction section, an insertion state
constant position section that guides the cam follower so
that the perforating needle part is kept inserted into the
tobacco rod by keeping the perforating slider at a con-
stant position relative to the slide rod.

[0021] A diameter of the perforating needle part may
be 3.5 mm or less.

[0022] The perforating slider may have a slider body
slidably attached to the slide rod and a needle shaft part
that is rotatably held by the slider body and may have
the perforating needle part attached to a front end side
thereof; the needle shaft part and the perforating needle
part may be disposed coaxially with each other and may
be rotatable about a rotary axis parallel with the drum
rotary axis; and the rotating drum base part may have a
guide member that extends in an arc shape about the
drum rotary axis and along which a predetermined con-
tact part of the needle shaft part slides to rotate the needle
shaft part during a period where the cam follower of the
perforating slider that circles in accordance with rotation
of the rotating drum part is displaced in at least a part of
the insertion section.

[0023] The guide member may be configured to make
contact with the contact part during a period where the
cam follower of the perforating slider that circles in ac-
cordance with rotation of the rotating drum part is dis-
placed in at least a part of the extraction section.
[0024] The contact part may be an annular roller part
thatis coaxial and integral with the needle shaft part, and
the needle shaft part may rotate due to friction generated
when the roller part slides on the guide member.

[0025] The guide member may be divided into a plu-
rality of divided guide parts, and the plurality of divided
guide parts may be separated away from one another.
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[0026] The holding part may be a holding groove hav-
ing a recessed shape that is capable of holding the to-
bacco rod; and a needle axis of the perforating needle
part may pass a point that is located on a straight line
passing an intersection of a virtual perpendicular line ex-
tending from a groove bottom center of the holding
groove toward the drum rotary axis and the drum rotary
axis and passing the groove bottom center and is located
outside the groove bottom center and extend parallel with
the drum rotary axis.

[0027] A distance between the groove bottom center
of the holding groove and the needle axis of the perfo-
rating needle part may be set equal to or less than a
diameter of the tobacco rod of the heated cigarette held
in the holding groove.

[0028] The rotating drum part may have a first stopper
member that makes contact with an inhalation end of the
heated cigarette so that the heated cigarette becomes
less likely to drop off from the holding part when the per-
forating needle part is inserted into the front end of the
tobacco rod.

[0029] The rotating drum part may have a second stop-
per member that makes contact with the front end of the
tobacco rod so that the heated cigarette becomes less
likely to drop off from the holding part when the perforat-
ing needle part is extracted from the tobacco rod.
[0030] Furthermore, the present invention can be
specified as a perforation device including a plurality of
perforating drum devices according to any one of the
above aspects. In this case, a needle diameter of the
perforating needle part provided in a perforating drum
device that is located in a relatively later stage may be
larger than a needle diameter of the perforating needle
part provided in a perforating drum device that is located
in a relatively former stage among the plurality of perfo-
rating drum devices.

[0031] A needle insertion depth dimension of the per-
forating needle part provided in a perforating drum device
that is located in a relatively later stage may be larger
than a needle insertion depth dimension of the perforat-
ing needle part provided in a perforating drum device that
is located in a relatively former stage among the plurality
of perforating drum devices.

[0032] Note that the means to solve the problem in the
present invention can be combined as long as possible.
Advantageous Effects of Invention

[0033] Accordingtothe presentinvention, itis possible
to provide a technique that can form a hollow part in a
front end of a tobacco rod of a heated cigarette in post-
processing.

Brief Description of Drawings
[0034]
[Fig. 1] Fig. 1 schematically illustrates an internal

structure of a heated tobacco product according to
Embodiment 1.
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[Fig. 2] Fig. 2 schematically illustrates a part of a
drum sequence of a filter tip attachment device ac-
cording to Embodiment 1.

[Fig. 3] Fig. 3 schematically illustrates a part of a
perforating drum according to Embodiment 1.

[Fig. 4] Fig. 4 is a vertical cross-sectional view of a
perforating drum device according to Embodiment 1.
[Fig. 5] Fig. 5 is a view viewed from a direction indi-
cated by arrow A in Fig. 4 according to Embodiment
1.

[Fig. 6] Fig. 6 is a front view of a control ring according
to Embodiment 1.

[Fig. 7] Fig. 7 is a view for explaining a detailed con-
figuration of a perforating unit according to Embod-
iment 1.

[Fig. 8] Fig. 8 is a top view of the perforating unit
according to Embodiment 1.

[Fig. 9] Fig. 9 is a front view of the perforating unit
according to Embodiment 1.

[Fig. 10] Fig. 10 illustrates a relationship among a
rotation angle of a rotating drum part, a guide rail of
a cam part, and a moving trajectory of a needle front
end position according to Embodiment 1.

[Fig. 11] Fig. 11 is a view for explaining a relationship
between sections of the guide rail of the cam part
and a virtual orthogonal surface orthogonal to a drum
rotary axis.

[Fig. 12] Fig. 12 is a view for explaining a first central
angle formed between a first directional vector of a
first virtual perpendicular line extending from an in-
sertion section start end of the guide rail toward the
drum rotary axis and a second directional vector of
a second virtual perpendicular line extending from
an insertion section terminal end toward the drum
rotary axis and a second central angle formed be-
tween a third directional vector of a third virtual per-
pendicular line extending from a extraction section
start end toward the drum rotary axis and a fourth
directional vector of a fourth virtual perpendicularline
extending from a extraction section terminal end to-
ward the drum rotary axis.

[Fig. 13] Fig. 13 is a view for explaining a relationship
between a needle axis of a perforating needle part
and a holding groove in the perforating drum device.
[Fig. 14]Fig. 14is a view for explaining a modification
of Embodiment 1.

[Fig. 15] Fig. 15 is a partially enlarged view of a sec-
ond stop ring according to the modification of Em-
bodiment 1.

[Fig. 16] Fig. 16 is a view for explaining a perforation
device including a plurality of perforating drum de-
vices incorporated into a filter tip attachment device.

Description of Embodiments
[0035] An embodiment of a perforating drum device

and a perforation device according to the present inven-
tion is described with reference to the drawings. The per-
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forating drum device according to the present invention
is a device for forming a hollow part for heater insertion
in a front end surface of a tobacco rod of a heated ciga-
rette. Note that dimensions, materials, shapes, relative
positions, and the like of constituent elements described
in the present embodiment do not intend to limit the tech-
nical scope of the invention thereto unless otherwise
specified.

<Embodiment 1>
[Heated Cigarette]

[0036] Fig. 1 schematically illustrates an internal struc-
ture of a heated cigarette 1 having a hollow partfor heater
insertion formed in a front surface of a tobacco rod by a
perforating drum device according to Embodiment 1. The
heated cigarette 1 is a tobacco product combined with a
heating device to constitute a heated tobacco product.
The heated tobacco product including the heated ciga-
rette 1 and the heating device heats a tobacco filler of
the heated cigarette by an electric heater of the heating
device without burning the tobaccofiller and supplies aer-
osol generated from the tobacco filler to a user.

[0037] The heated cigarette 1 includes a tobacco rod
2 and a filter 3 that are aligned coaxially. The heated
cigarette 1 has an inhalation end 1a to be inserted into
a user’s mouth during use and a front end 1b opposite
to the inhalation end 1a. The filter 3 has a support part
4, an aerosol cooling part 5, and a mouthpiece part 6 that
are aligned coaxially, and these members are disposed
in this order from a front end side of the filter 3. The sup-
port part 4, the aerosol cooling part 5, and the mouthpiece
part 6 of the filter 3 are wrapped up together with wrapping
paper 7. Furthermore, the tobacco rod 2 and the filter 3
are wrapped with tipping paper 8 and are thereby cou-
pled.

[0038] When a user smokes or inhales the heated cig-
arette 1, airis sucked through the heated cigarette 1 from
the front end 1b to the inhalation end 1a by the user. The
front end 1b of the heated cigarette 1 can be grasped as
a front end or an upstream end of the tobacco rod 2, and
the inhalation end 1a of the heated cigarette 1 can be
grasped as aback end or adownstream end of the mouth-
piece part 6.

[0039] The tobacco rod 2 is disposed at the front end
1b of the heated cigarette 1. The tobacco rod 2 is a rod-
shaped member including a tobacco filler 21 containing
a tobacco raw material and an aerosol-source material
and wrapping paper 22 that covers a side surface of the
tobaccofiller 21. In the present embodiment, the tobacco
material contained in the tobacco filler 21 may include
one or more kinds selected from among cut tobacco,
granulated tobacco, and a reconstituted tobacco mate-
rial.

[0040] The reconstituted tobacco material may be, for
example, a reconstituted tobacco sheet shredded or
crushed into granular or powdery small pieces or a re-
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constituted tobacco sheet that is folded without being
shredded. The reconstituted tobacco sheet is formed, for
example, by mixing additives such as a binder, a gellant,
a cross-linker, a perfume, and a viscosity modifier into a
tobacco raw material such as homogenized tobacco and
then molding the mixture into a sheet shape by using an
appropriate method such as a slurry method (cast meth-
od), a papermaking method, a rolling method, or an ex-
trusion method. The reconstituted tobacco material is,
for example, formed from tobacco materials such as a
tobacco stem, a tobacco leaf stalk, a leaf piece, and to-
bacco dust produced in a manufacturing process of a
tobacco product. For example, a reconstituted tobacco
material obtained by shredding or crushing a reconstitut-
ed tobacco sheet formed by a known method such as a
slurry method, a papermaking method, or a rolling meth-
od into granular or powdery small pieces is known. The
homogenized tobaccois, forexample, a tobacco material
obtained by crushing or grinding and mixing leaf tobacco,
a dried tobacco leaf, cut tobacco, swollen tobacco, re-
produced tobacco, and the like.

[0041] The leaf tobacco may be, for example, leaves,
leaf stalks, stems, flowers, and the like of tobacco plants
Nicotiana tabacum and Nicotiana rustica, which are cul-
tivated species, or a tobacco plant Nicoatiana, which is
a wild species. The dried tobacco leaf is, for example,
obtained by drying the leaf tobacco. The swollen tobacco
is, for example, obtained by swelling tobacco stems, leaf
stalks, leaf veins, and some mesophylls, and the like by
compression decompression processing. The repro-
duced tobacco is, for example, obtained by dissolving
and filtering fragments or powder of dried leaf tobacco,
cut tobacco, or swollen tobacco broken in a tobacco pro-
duction process.

[0042] The binder and the gellant contained in the re-
constituted tobacco slurry may contain, for example, a
natural polymer, gelatin, chondroitin sulfate, polysaccha-
rides or polysaccharide salt (e.g., alginate, carrageenan,
gellan gum, guar gum, agarose, sorbitol, invert sugar,
starch, dextrin, a starch decomposed product, oxidized
starch). The binder may contain, for example, an inor-
ganic salt, a calcium salt, calcium carbonate, a potassium
salt, potassium carbonate, a magnesium salt, magnesi-
um carbonate, a sodium salt, sodium carbonate, or trie-
thyl citrate. The perfume may contain, for example, veg-
etable essential oil, a leaf tobacco extraction liquid, a leaf
tobacco grinding liquid, menthol, synthetic perfume, nat-
ural perfume, or essential oil. The perfume may be ole-
ophilic or may be hydrophilic. Examples of the oleophilic
perfume include vanillin, ethyl vanillin, guarlinalool, thy-
mol methyl salicylate, linalool, eugenol, menthol, clove,
anise, cinnamon, bergamot oil, geranium, lemon oil,
spearmint, and ginger. Examples of the hydrophilic per-
fume include glycerin, propylene glycol, ethyl acetate,
and isoamyl alcohol. The viscosity modifier may contain,
for example, water, fat, fatty acid, hydrophilic solvent,
alcohol, ethanol, glycerin, or propylene glycol. The re-
constituted tobacco slurry may contain, for example, a
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moisturizer such as water, glycerin, or propylene glycol
and a reinforcing agent such as tobacco fibers, tobacco
cellulose fibers, wood pulp, cellulose fibers, or non-to-
bacco cellulose fibers.

[0043] The reconstituted tobacco sheetmay be, for ex-
ample, a reconstituted tobacco sheet formed by an ap-
propriate method such as a reconstituted tobacco slurry
sheet (reconstituted tobacco cast sheet) formed by a slur-
ry method, a reconstituted tobacco sheet formed by a
papermaking method, or a reconstituted tobacco sheet
formed by a rolling method. The reconstituted tobacco
slurry sheet is, for example, a reconstituted tobacco
sheet produced by drying and dehydrating reconstituted
tobacco slurry spread on a flat plate. The reconstituted
tobacco sheet formed by a papermaking method is a re-
constituted tobacco sheet produced by blending pulp
(cellulose fibers) with reconstituted tobacco slurry and
then performing a papermaking process. The reconsti-
tuted tobacco sheet formed by a rolling method is a re-
constituted tobacco sheet produced by rolling reconsti-
tuted tobacco slurry into a sheet shape by a roller or the
like and then drying the sheet.

[0044] The aerosol-source material contained in the
tobacco filler 21 is a substance that generates aerosol
when a volatile substance that vaporizes and is released
is cooled. The kind of aerosol-source material is not lim-
ited in particular, and an appropriate one can be selected
from among substances extracted from various natural
products according to usage. Examples of the aerosol-
source material include glycerin, propylene glycol, triace-
tin, 1,3-butanediol, and mixtures thereof.

[0045] The supportpart4 islocated nextto the tobacco
rod 2 on a downstream side and is disposed in contact
with a back end of the tobacco rod 2. The support part 4
may be, for example, a hollow cellulose acetate pipe. In
other words, the support part 4 may be a columnar cel-
lulose acetate fiber bundle having a center hole passing
therethrough at a center of a cross-section thereof. Al-
ternatively, the support part 4 may be a paper filter, a
paper pipe, or the like filled with cellulose fibers. The sup-
port part 4 is an element for preventing the tobacco filler
21 from being pushed toward a downstream side toward
the aerosol cooling part 5 in the heated cigarette 1 when
an electric heater of a heating device to which the heated
cigarette 1 is applied is inserted into the tobacco rod 2.
The support part 4 also functions as a spacer for sepa-
rating the aerosol cooling part 5 of the heated cigarette
1 from the tobacco rod 2.

[0046] The aerosol cooling part 5 is located next to the
support part 4 on a downstream side and is disposed in
contact with a back end of the support part 4. A volatile
material released from the tobacco rod 2 (tobacco filler
21) when a user smokes or inhales the heated cigarette
1 flows toward a downstream side along the aerosol cool-
ing part 5. The volatile material released from the tobacco
rod 2 (tobacco filler 21) is cooled by the aerosol cooling
part 5 and thereby forms aerosol to be inhaled by the
user. In the form illustrated in Fig. 1, the aerosol cooling
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part 5 is a hollow paper pipe having a ventilation hole 5a
through which outside air can be introduced. Note, how-
ever, that the aerosol cooling part 5 may be configured
not to have the ventilation hole 5a.

[0047] The mouthpiece part 6 is a segment located
next to the aerosol cooling part 5 on a downstream side.
The mouthpiece part 6 may be disposed in contact with
a back end of the aerosol cooling part 5. In the form il-
lustrated in Fig. 1, the mouthpiece part 6 may include,
for example, a filter material formed from cellulose ace-
tate fibers molded into a columnar shape. Alternatively,
the mouthpiece part 6 may be a center-hole filter, a paper
filter filled with cellulose fibers, or a paper pipe including
no filtering material.

[0048] As illustrated in Fig. 1, the tobacco rod 2 (the
tobacco filler 21) has a hollow part for heater insertion
23 opened on a front end surface 2a thereof. The hollow
part for heater insertion 23 is a recessed part recessed
along an axial direction of the tobacco rod 2 (the tobacco
filler 21). The hollow part for heater insertion 23 has a
cone shape whose diameter decreases from the front
end surface 2a (the front end 1b) of the tobacco rod 2
(the tobacco filler 21) toward a back end side but may
have atruncated cone shape whose diameter decreases
from the front end surface 2a toward the back end side.
The shape of the hollow part for heater insertion 23 is
not limited in particular, and the hollow part for heater
insertion 23 may have a shape other than a cone shape
and a truncated cone shape. The sign "CL1" in Fig. 1
represents a central axis of the tobacco rod 2. The hollow
partfor heaterinsertion 23 may be coaxial with the central
axis CL1 of the tobacco rod 2.

[0049] According to the heated cigarette 1 configured
as above, the hollow part for heater insertion 23 in the
tobacco rod 2 (the tobacco filler 21) can reduce resist-
ance of insertion into the tobacco rod 2 (the tobacco filler
21) when the tobacco rod 2 is attached to the heating
device. This can improve usability in attaching the tobac-
corod 2 to the heating device (inserting the electric heater
into the tobacco rod 2). Furthermore, this can suppress
occurrence of breakage or the like of the electric heater
and buckling distortion of the tobacco rod 2 when the
electric heater is inserted into the tobacco rod 2. Further-
more, since resistance of insertion of the electric heater
can be reduced by the hollow part for heater insertion 23
of the tobacco rod 2 (the tobacco filler 21), heat conduc-
tion from the electric heater to the tobacco filler 21 can
be improved by bringing the tobacco filler 21 and the
electric heater into close contact with each other while
more suitably keeping the tobacco filler 21 from being
pushed toward the support part4 when the electric heater
is inserted into the tobacco rod 2. Furthermore, when the
tobacco rod 2 of the heated cigarette 1 is taken out from
the heating device after smoking or inhalation, the tobac-
co filler 21 is less likely to come off since frictional force
generated between the electric heater and the tobacco
filler 21 is small. Furthermore, burn sticking of the tobacco
filler 21 isless likely to occur during smoking or inhalation,
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and therefore the tobacco filler 21 is less likely to come
off when the tobacco rod 2 is taken out from the heating
device after smoking or inhalation.

[Perforating Drum Device]

[0050] Next, a perforating drum device 70 for forming
the hollow part for heater insertion 23 in the tobacco rod
2 of the heated cigarette 1 is described.

[0051] Fig. 2 schematically illustrates a part of a drum
sequence of a filter tip attachment device 50 according
to Embodiment 1. Figs. 3 to 10 are views for explaining
the perforating drum device 70 according to Embodiment
1. The perforating drum device 70 is incorporated into
thefiltertip attachmentdevice 50. Thefilter tip attachment
device 50is a device thatreceives a tobacco rod obtained
by cutting a tobacco rod produced by a tobacco wrapping
machine (continuous rod forming machine device) (not
illustrated) and a filter rod produced by a filter production
device (not illustrated) and wraps the tobacco rod and
the filter rod together with a tipping material (tipping pa-
per).

[0052] As illustrated in Fig. 2, the filter tip attachment
device 50, for example, cuts a double tobacco rod DR
received from the tobacco wrapping machine (not illus-
trated) into two single tobacco rods 2 in a transportation
process using a drum or the like (not illustrated). The
double tobacco rod DR is a rod-shaped member having
the tobacco filler 21 wrapped with the wrapping paper 22
thatis twotimes as long as the tobacco rod 2. Hereinafter,
the single tobacco rod 2 is simply referred to as a "tobacco
rod 2". The two tobacco rods 2 obtained by cutting the
double tobacco rod DR are aligned so as to be spaced
apart from each other in an axial direction.

[0053] The filter tip attachment device 50 has a trans-
port drum 51 that transports a double filter rod DF. The
double filter rod DF is a filter rod that is two times as long
as the filter 3, and two filters 3 are obtained by cutting
the double filter rod DF into halves. The double filter rod
DF is transported to a hopper drum 52 by the transport
drum 51.

[0054] The two tobacco rods 2 are aligned so that a
space that can accommodate the filters 3 is formed be-
tween the tobacco rods 2 and are supplied to the hopper
drum 52 while keeping this space. The double filter rod
DF is disposed between the tobacco rods 2, and the to-
bacco rods 2 are aligned on the same axis as the double
filter rod DF. The hopper drum 52 has a pair of floating
discs (not illustrated) on both sides in a rotational direc-
tion, and the tobacco rods 2 are held between the floating
discs on both sides and an interval therebetween is nar-
rowed in the axial direction as the hopper drum 52 rotates.
[0055] Thefilter tip attachment device 50 continuously
feeds out a web (hereinafter referred to as a "tipping pa-
per web") TW of the tipping paper 8 wound up in a roll
around a bobbin, applies glue onto one side of the tipping
paper web TW, and then cuts the tipping paper web TW
into pieces of tipping paper 8 each having a predeter-
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mined length from a top side. The cut tipping paper 8 is
fed to the hopper drum 52 and is attached onto external
surfaces of the tobacco rods 2 and the double filter rod
DF on the hopper drum 52. Then, the two tobacco rods
2, the double filter rod DF sandwiched between the two
tobacco rods 2, and the tipping paper 8 attached on the
external surfaces of the two tobacco rods 2 and the dou-
ble filter rod DF are supplied to a rolling drum 53 close
to the hopper drum 52.

[0056] The tobacco rods 2 and others roll on an outer
circumferential surface of the rolling drum 53 as the rolling
drum 53 rotates, and the tipping paper 8, which follows
this rolling, is wound around the external surfaces of the
double filter rod DF and the two tobacco rods 2 disposed
at both ends of the double filter rod DF. When the winding
of the tipping paper 8 is completed, base ends of the
double filter rod DF and the tobacco rods 2 at both ends
of the double filter rod DF are glued so as to be wrapped
up together by the tipping paper 8. This obtains a double
roll DS in which the tobacco rod 2 is connected to both
sides of the double filter rod DF.

[0057] In a next step, the double roll DS is delivered
from the rolling drum 53 to a checking drum 54. On the
checking drum 54, a ventilation test of the double roll DS
is conducted to remove defective products such as a per-
forated roll product with punctured wrapping paper and
a product with excessive dilution. The double roll DS that
has passed the ventilation test is then delivered from the
checking drum 54 to a cutting drum 55. On the cutting
drum 55, the double roll DS is cut into halves at a center
position of the double filter rod DF by a cutting knife (not
illustrated). This cuts the double roll DS into two heated
cigarettes 1. At this stage, each of the heated cigarettes
1 is merely configured such that the tobacco rod 2 and
the filter 3 are wrapped up together with the tipping paper
8, and the hollow part for heater insertion 23 is not formed
yet at a front end of the heated cigarette 1.

[0058] The two heated cigarettes 1 obtained by cutting
the double roll DS is delivered from the cutting drum 55
to a turning drum 56 and then to a perforating drum 60.
The turning drum 56 has a large number of holding
grooves on an outer circumferential surface thereof, and
each of these holding grooves can accommodate a pair
of heated cigarettes 1.

[0059] By cutting of the double roll DS, the pair of heat-
ed cigarettes 1 that face opposite sides is delivered from
the cutting drum 55 to the turning drum 56. On the turning
drum 56, one of the pair of heated cigarettes 1 that face
opposite sides is reversed and is displaced so as to be
located on the same line as the other heated cigarette 1
on an outer circumferential surface of the turning drum
56. Then, the heated cigarettes 1 are sequentially trans-
ported to the perforating drum 60. The perforating drum
60 perforates the front end surface 2a of the tobacco rod
2 to form the hollow part for heater insertion 23 described
with reference to Fig. 1 in a transportation process of
delivering the heated cigarette 1 received from the pre-
ceding drum to a following drum 59. The perforating drum
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60 constitutes a part of the perforating drum device 70.
[0060] Fig. 3 schematically illustrates a part of the per-
forating drum 60 according to Embodiment 1. The per-
forating drum 60 has a large number of holding grooves
on an outer circumferential surface thereof, and each of
the holding grooves accommodates the heated cigarette
1 having the tobacco rod 2. Suction air is supplied to the
holding grooves of the perforating drum 60, and thereby
the heated cigarette 1 in each of the holding grooves is
held in the holding groove by suction. Furthermore, the
perforating drum 60 has a needle member 240 for per-
foration on a line extended from each of the holding
grooves. The perforating drum 60 perforates the front
end surface 2a of the tobacco rod 2 by inserting the nee-
dle member 240 for perforation into the front end surface
2a of the tobacco rod 2 in a process of transporting the
heated cigarette 1. As a result, the heated cigarette 1
having the tobacco rod 2 having the hollow part for heater
insertion 23 is obtained.

[0061] Fig. 4 is a vertical cross-sectional view of the
perforating drum device 70 according to Embodiment 1.
In Fig. 4, up, down, front, and back directions of the per-
forating drum device 70 are illustrated for convenience.
The perforating drum device 70 includes the perforating
drum 60, a fixed housing 80, and a frame member 90
that supports the perforating drum 60 and the fixed hous-
ing 80. The frame member 90 includes a bottom plate
frame part 91, a rear frame part 92, and a front frame
part 93. The rear frame part 92 and the front frame part
93 are frame members that stand on the bottom plate
frame part 91 so as to extend upward from the bottom
plate frame part 91.

[0062] Thefixed housing80isanunmoving fixed mem-
ber fixed to the rear frame part 92 of the frame member
90 and is provided beside the perforating drum 60. The
fixed housing 80 corresponds to a rotating drum base
part. Fig. 5 is a view viewed in a direction indicated by
arrow A in Fig. 4. The fixed housing 80 is a substantially
cylindrical housing member and is hollow inside. The sign
"81" represents a hollow part of the fixed housing 80. The
sign "CL2" represents a rotary axis of the perforating
drum 60. In the present embodiment, the fixed housing
80 is disposed coaxially with the rotary axis (hereinafter
also referred to as a "drum rotary axis") CL2 of the per-
forating drum 60, and a central axis of the fixed housing
80 coincides with the drumrotary axis CL2. Bearing hous-
ings 110A and 110B are attached at respective end po-
sitions of the fixed housing 80 in the axial direction, and
a rotary driving shaft 100 for driving the perforating drum
60 to rotate is rotatably supported by the bearing hous-
ings 110A and 110B. A central axis of the rotary driving
shaft 100 coincides with the drum rotary axis CL2. The
bearing housings 110A and 110B rotatably support the
rotary driving shaft 100, for example, by bearings. A tim-
ing pulley 120 is attached to a back end side of the rotary
driving shaft 100. A timing belt (not illustrated) is sus-
pended around the timing pulley 120. The timing belt is
also suspended around a motor side pulley (not illustrat-
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ed) attached to a rotary shaft of a driving motor (not il-
lustrated), and rotary output of the driving motor is trans-
mitted to the timing pulley 120 through the timing belt,
and thereby the rotary driving shaft 100 is driven to rotate.
[0063] The perforating drum 60 is a substantially cy-
lindrical drum with a bottom and has a bottom plate part
61 and a cylindrical rotating drum part 62, which is a side
circumferential wall standing on the bottom plate part 61.
A plurality of holding grooves (holding parts) 63 are pro-
vided at constant intervals in a circumferential direction
on an outer circumferential surface 62A of the rotating
drum part 62 (see Fig. 5). Each of the holding grooves
63 is a recessed part that can accommodate the heated
cigarette 1 (the tobacco rod 2) and has, for example, a
semi-circular shape. Although the number of holding
grooves 63 is not limited in particular, 20 holding grooves
63 are provided at constantintervals on the outer circum-
ferential surface 62A of the rotating drum part 62 in the
example illustrated in Fig. 5. The holding grooves 63 of
the rotating drum part 62 extend parallel with the drum
rotary axis CL2. Accordingly, each of the holding grooves
63 of the rotating drum part 62 can hold the heated cig-
arette 1 (the tobacco rod 2) so that the central axis CL1
of the tobacco rod 2 extends along the drum rotary axis
CL2.

[0064] As illustrated in Fig. 5, each of the holding
grooves 63 has, in a bottom surface thereof, a suction
hole 63A for supplying suction air for sucking the heated
cigarette 1 accommodated in the holding groove 63. In-
side the rotating drum part 62 of the perforating drum 60,
a first suction passage 64 whose one end is connected
to the suction hole 63A is provided so as to extend in a
radial direction of the rotating drum part 62 (see Figs. 4
and 5 and other drawings).

[0065] As illustrated in Fig. 4, each of the holding
grooves 63 of the rotating drum part 62 has three suction
holes 63A, and the first suction passages 64 are con-
nected to the respective suction holes 63A. Note, how-
ever, that the number of suction holes 63A provided in
each of the holding grooves 63 is not limited in particular.
The rotating drum part 62 has a second suction passage
65 that is connected to the other ends of the first suction
passages 64 and extends along the drum rotary axis CL2.
The second suction passage 65 is opened on a front end
surface 62B of the rotating drum part 62. The sign "65A"
represents an opening hole where the second suction
passage 65 is opened on the front end surface 62B of
the rotating drum part62. Asillustrated in Fig. 5, the open-
ing holes 65A are arranged in an annular manner at con-
stantintervals on the front end surface 62B of the rotating
drum part 62.

[0066] A disc plate 130 is integrally attached to a front
end side of the rotary driving shaft 100. The disc plate
130 of the rotary driving shaft 100 is fastened integrally
with an end plate 140 with use of a connecting pin. Fur-
thermore, the end plate 140 is fastened integrally with
the bottom plate part 61 of the perforating drum 60 with
use of a connecting pin. As described above, the rotary
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driving shaft 100 according to the present embodiment
is fixed integrally with the bottom plate part 61 of the
perforating drum 60 with the disc plate 130 and the end
plate 140 interposed therebetween. With this configura-
tion, when the rotary driving shaft 100 rotates, the perfo-
rating drum 60 is driven to rotate in synchronization with
the rotary driving shaft 100. As illustrated in Fig. 4, a
bearing 160 is interposed between an inner circumfer-
ential surface, on a back end side, of the rotating drum
part 62 of the perforating drum 60 and an outer circum-
ferential surface of the fixed housing 80, and therefore
the perforating drum 60 can be driven to rotate smoothly
in synchronization with the rotary driving shaft 100. In the
present embodiment, a case where the perforating drum
60 is driven to rotate in counterclockwise direction when
the perforating drum device 70 is viewed from a front
surface side is described for convenience.

[0067] Next, a control ring 150 provided on a front side
of the perforating drum 60 and the fixed housing 80 of
the perforating drum device 70 is described. A front sur-
face plate 94 is attached to the front frame part 93 of the
frame member 90, and a ring holder 95 is fixed to the
front surface plate 94. The control ring 150 is fixed to the
ring holder 95. The control ring 150 is an annular member
disposed so that a center thereof coincides with the drum
rotary axis CL2, and is fixed to the ring holder 95 so that
a rear surface 150A thereof faces the front end surface
62B of the rotating drum part 62 of the perforating drum
60. In the present embodiment, the perforating drum 60
is driven to rotate while the front end surface 62B of the
rotating drum part 62 is in sliding contact with the rear
surface 150A of the control ring 150. The control ring 150
has a suction supply channel 151 that is recessed in a
groove shape in the rear surface 150A and is for supply-
ing suction air to the second suction passages 65 of the
rotating drum part 62.

[0068] Fig. 6 is a front view of the control ring 150 ac-
cording to Embodiment 1. The sign "150B" in Fig. 6 rep-
resents a front surface of the control ring 150. The suction
supply channel 151 is opened on the rear surface 150A
of the control ring 150. The suction supply channel 151
is provided in an arc shape along a circumferential direc-
tion of the control ring 150. In the present embodiment,
the suction supply channel 151 is provided along a sub-
stantially half of the circumference of the control ring 150.
Note, however, that a range where the suction supply
channel 151 is provided in the control ring 150 can be
changed as appropriate. The sign "152" in Fig. 6 repre-
sents a suction hole for supplying a suction pressure to
the second suction passages 65 of the rotating drum part
62. The suction hole 152 is opened on the front surface
150B of the control ring 150 and is communicated with
the suction supply channel 151.

[0069] The sign"153" represents an atmosphere open
hole that supplies an atmospheric pressure to the second
suction passages 65 of the rotating drum part 62. The
atmosphere open hole 153 passes through the control
ring 150 from the front surface 150B to the rear surface
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150A of the control ring 150 in a thickness direction and
is opened to the atmosphere. The sign "154" represents
ablow air supply hole that supplies blow air to the second
suction passages 65 of the rotating drum part 62. The
blow air supply hole 154 passes through the control ring
150 from the front surface 150B to the rear surface 150A
of the control ring 150 in the thickness direction. The sign
"155" in Fig. 5 represents an elbow pipe linked to the
suction hole 152 of the control ring 150. The sign "156"
represents an elbow pipe connected to the blow air sup-
ply hole 154 of the control ring 150. A suction pressure
is supplied to the elbow pipe 155 from a suction source
(not illustrated) through a tube or the like. Air for air blow
is supplied to the elbow pipe 156 from an air supply
source (not illustrated) through a tube or the like.
[0070] InFig. 6, the sign"151A" represents a start end
of the suction supply channel 151, and the sign "151B"
represents a terminal end of the suction supply channel
151. A suction pressure is introduced into the suction
supply channel 151 of the control ring 150 through the
elbow pipes 155 and the suction holes 152 illustrated in
Fig. 5 while the perforating drum 60 is being driven to
rotate. In the present embodiment, a distance between
the suction supply channel 151 of the control ring 150
and the drum rotary axis CL2 in a radial direction and a
distance between the second suction passages 65 of the
rotating drum part 62 and the drum rotary axis CL2 in a
radial direction are set equal to each other. Accordingly,
a suction pressure is supplied to the suction holes 63A
of each holding groove 63 through the second suction
passage 65 and the first suction passage 64 that are
communicated with the suction supply channel 151 over
a distance over which the second suction passage 65 of
the rotating drum part 62 is communicated with the suc-
tion supply channel 151 of the control ring 150, that is,
throughout a suction section from a suction start position
to a suction end position illustrated in Fig. 6 while the
perforating drum 60 is being driven to rotate. As a result,
the suction pressure acts on the holding grooves 63 lo-
cated in the suction section of the control ring 150 from
the suction holes 63A.

[0071] The perforating drum 60 according to the
present embodiment may be, for example, designed to
receive the heated cigarette 1 from the preceding turning
drum 56 when the holding groove 63 of the perforating
drum 60 reach a rotation angle 0°, hold the heated cig-
arette 1 by suction, and deliver the heated cigarette 1
held in the holding groove 63 to the succeeding drum 59
when the holding groove 63 reaches the rotation angle
180° (see Fig. 6). In the example illustrated in Fig. 6,
supply of the suction pressure to the suction holes 63A
is finished when the holding groove 63 of the perforating
drum 60 reaches a rotation angle 170°. After the suction
holes 63A of the holding groove 63 are opened to the
atmosphere, the heated cigarette 1 held in the holding
groove 63 is delivered to the succeeding drum 59. Note
that after the perforating drum 60 delivers the heated
cigarette 1 held in the holding groove 63 by suction to
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the succeeding drum 59, blow air is supplied to the suc-
tion holes 63A at a timing when the suction holes 63A of
the holding groove 63 are communicated with the blow
air supply hole 154 through the first suction passages 64
and the second suction passage 65. An injection pres-
sure of this blow air is used to clean the first suction pas-
sages 64, the second suction passage 65, and the like
corresponding to the holding groove 63 of the perforating
drum 60. Note that the timings of the suction, opening to
the atmosphere, and blow air are illustrative and can be
changed as appropriate.

[0072] As illustrated in Figs. 4 and 5, the perforating
drum device 70 according to the present embodiment
includes a guide plate 180 that guides the heated ciga-
rette 1 held by suction in each of the holding grooves 63
of the perforating drum 60. The guide plate 180 is sup-
ported by a stud 185 fixed to the rear frame part 92. The
sign "186" in Figs. 4 and 5 represents an annular stop
ring attached to the outer circumferential surface 62A of
the rotating drum part 62, and the stop ring 186 is dis-
posed on a front side relative to the holding grooves 63.
The stop ring 186 is a first stopper member that has a
contact surface 186A that makes contact with the inha-
lation end 1a (an end surface on the filter 3 side) of the
heated cigarette 1 held by suction in each of the holding
grooves 63 to determine a position of the heated cigarette
1 (see Fig. 7).

[0073] Next, a perforating unit 200 for perforating the
tobacco rod 2 of the heated cigarette 1 held in each of
the holding grooves 63 is described. As illustrated in Fig.
3, the perforating unit 200 is a unit thatis provided on the
rotating drum part 62 and is for perforating the front end
surface of the tobacco rod 2 of the heated cigarette 1
held in each of the holding grooves 63 in a process of
transporting the heated cigarette 1 (the tobacco rod 2)
by the rotating drum part 62. The perforating unit 200
includes a pair of slide rods 210 provided on the rotating
drum part 62 and a perforating slider 220 that is slidably
held by the pair of slide rods 210 (see Fig. 3). Fig. 7 is a
view for explaining a detailed configuration of the perfo-
rating unit 200. Fig. 8 is a top view of the perforating unit
200. Fig. 9 is a front view of the perforating unit 200.
[0074] The slide rods 210 protrude toward the front
side from a back end surface 62C of the rotating drum
part 62 so as to extend parallel with the drum rotary axis
CL2. In the present embodiment, the pair of slide rods
210 are disposed so that two holding grooves 63 are
included in aregion sandwiched between the pair of slide
rods 210 in a circumferential direction of the rotating drum
part 62, and the slide rods 210 are configured to circle in
synchronization with the rotating drum part 62 of the per-
forating drum 60.

[0075] The perforating slider 220 has a slider body 230
(see Fig. 3) slidably attached to the pair of slide rods 210
and a pair of needle members 240 attached to the slider
body 230. The slider body 230 functions as a casing that
holds the pair of needle members 240. The slider body
230 has a pair of rod attachment parts 231 slidably held
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by the pair of slide rods 210 and a linking part 232 that
links the pair of rod attachment parts 231. For example,
each of the rod attachment parts 231 is slidable back and
forth with respect to a corresponding slide rod 210 with
a slide ball bearing or the like interposed therebetween.
In this way, the slider body 230 of the perforating slider
220 is attached so as to be suspended between the pair
of slide rods 210 and is slidable back and forth with re-
spect to the pair of slide rods 210.

[0076] Furthermore, as illustrated in Fig. 3, the slider
body 230 has a pair of needle holding parts 233 that hold
the needle members 240. The pairof needle holding parts
233 are provided close to left and right ends of the slider
body 230, respectively. Each of the needle members 240
includes a needle shaft part 241 and a perforating needle
part 242 attached to a front end side of the needle shaft
part 241. The needle shaft part 241 has a columnar
shape. The shape of the perforating needle part 242 is
not limited in particular, but the perforating needle part
242 has a front end having a pointed needle shape suit-
able for forming the hollow part for heater insertion 23 in
the tobacco rod 2. In the present embodiment, the front
end side of the perforating needle part 242 has a cone
shape because the tobacco rod 2 is perforated while ro-
tating the perforating needle part 242 when the hollow
part for heater insertion 23 is formed in the tobacco rod
2, as described later. The perforating needle part 242
and the needle shaft part 241 of the needle member 240
are disposed coaxially with each other. As illustrated in
Fig. 4, the perforating needle part 242 of the needle mem-
ber 240 is disposed on an outer circumferential side rel-
ative to the rotating drum part 62 of the perforating drum
60.

[0077] In the present embodiment, the needle shaft
part 241 of each needle member 240 is rotatably held by
the needle holding part 233. A central axis (needle axis)
CL3 of each needle member 240 (the needle shaft part
241 and the perforating needle part 242) is parallel with
the drum rotary axis CL2 and is coaxial with the central
axis CL1 of the tobacco rod 2 of the heated cigarette 1
held by suction in the holding groove 63 of the rotating
drum part 62 of the perforating drum 60.

[0078] Furthermore, an annular roller part 243 (contact
part) that makes contact with a roller guide 170 (see Fig.
4) is provided on a base end side of the needle shaft part
241 of each needle member 240. In the present embod-
iment, the roller guide 170 corresponds to a guide mem-
ber. The roller part 243 is an annular member that has
an outer circumferential surface having a larger external
diameter than the needle shaft part 241. As illustrated in
Fig. 4, the roller guide 170 is attached to the rear frame
part 92 of the frame member 90. The roller guide 170 is
provided in an arc shape about the drum rotary axis CL2.
[0079] As illustrated in Fig. 9, the roller guide 170 is
divided into first to third roller guide parts 170A to 170C,
and the roller guide parts 170A to 170C are fixed to the
rear frame part 92 so as to be separated away from one
another. In the presentembodiment, the first to third roller
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guide parts 170A to 170C correspond to a plurality of
divided guide parts. Furthermore, the first to third roller
guide parts 170A to 170C of the roller guide 170 have a
guide surface 171 having an arc shape about the drum
rotary axis CL2. When the perforating slider 220 circles
in synchronization with the rotating drum part 62, the roll-
er part 243 of the needle member 240 of the perforating
slider 220 slides on the guide surface 171 of the roller
guide 170 (the first to third roller guide parts 170A to
170C). Friction generated when the roller part 243 of the
needle member 240 slides on the guide surface 171 of
the roller guide 170 generates rotating torque for rotating
the needle shaft part 241 about the central axis CL3 of
the needle member 240, thereby rotating the needle
member 240 about the central axis CL3. In this way, in
the present embodiment, the needle member 240 can
be rotated while the roller part 243 of the needle member
240 of the perforating slider 220 is in contact with the
guide surface 171 of the roller guide 170.

[0080] Next, a configuration for driving the perforating
slider 220 to slide along an axial direction of the slide rod
210 (i.e., along the drum rotary axis CL2) in synchroni-
zation with rotary driving of the rotating drum part 62 is
described. As illustrated in Fig. 7, a cam follower 250 that
is engaged with a cam part 82 provided on an outer cir-
cumferential part of the fixed housing 80 (rotating drum
base part) is provided on a lower surface of the slider
body 230. The cam follower 250 is disposed at a sub-
stantially central part of the slider body 230 as illustrated
in Fig. 8, and the cam follower 250 protrudes from the
slider body 230 toward the outer circumferential surface
of the fixed housing 80 as illustrated in Fig. 7 and other
drawings. The shape of the cam follower 250 is not limited
in particular. In the presentembodiment, the cam follower
250 has a substantially cylindrical shape.

[0081] Next, the cam part 82 provided on the outer cir-
cumferential part of the fixed housing 80 is described. As
illustrated in Figs. 4 and 7 and other drawings, the cam
part 82 that is engaged with the cam follower 250 pro-
vided on the perforating slider 220 is provided on the
outer circumferential surface of the fixed housing 80 on
a back end side. The cam part 82 may constitute the
outer circumferential surface of the fixed housing 80. The
cam part 82 has an arc-shaped guide rail 821 provided
so that a recessed part 820 that can accommodate the
cam follower 250 (in which the cam follower 250 can fit)
extends in a circumferential direction of the fixed housing
80. In the present embodiment, the guide rail 821 is dis-
posed in an annular manner about the drum rotary axis
CL2. In other words, the guide rail 821 is provided
throughout the entire circumference of the outer circum-
ferential surface of the fixed housing 80. The guide rail
821 has a three-dimensional curved shape that is equally
distanced from the drum rotary axis CL2. The perforating
slider 220 circles about the drum rotary axis CL2 in ac-
cordance with rotary driving of the rotating drum part 62
in a state where the cam follower 250 is engaged with
the guide rail 821 of the cam part 82. The cam follower

10

15

20

25

30

35

40

45

50

55

1"

250 is guided along the guide rail 821, and thereby the
perforating slider 220 can slide back and forth along the
axial direction of the slide rods 210. Details of the sliding
action of the perforating slider 220 will be described later.
[0082] As described above, the perforating slider 220
according to the present embodiment includes two nee-
dle members 240. Accordingly, half as many perforating
sliders 220 (10 perforating sliders 220) as the holding
grooves 63 provided on the rotating drum part 62 are
disposed in an annular manner on the rotating drum part
62, as illustrated in Fig. 9. Note that the central axis CL3
of each needle member 240 of each perforating slider
220 is coaxial with the central axis CL1 of the heated
cigarette 1 (the tobacco rod 2) held in a corresponding
one of the holding grooves 63. That is, the needle mem-
ber 240 is disposed coaxially with the heated cigarette 1
(the tobacco rod 2) held in a corresponding one of the
holding grooves 63 provided on the rotating drum part
62, and thereby the perforating needle part 242 is dis-
posed so as toface the frontend surface 2a of the tobacco
rod 2. Note that the sign "190" in Figs. 7 and 9 represents
an annular ring member that links back ends of the slide
rods 210 provided on the rotating drum part 62.

[0083] Next, details of the sliding action of the perfo-
rating slider 220 are described. Fig. 10 illustrates a rela-
tionship among the rotation angle of the rotating drum
part62, the guiderail 821 in the cam part 82, and a moving
trajectory of a front end position (hereinafter referred to
as a "needle front end position") PN of the perforating
needle part 242.

[0084] Asiillustrated in Fig. 10, the guide rail 821 of the
cam part 82 has an evacuation state constant position
section R1, an insertion section R2, an insertion state
constant position section R3, and an extraction section
R4. The "FRONT SIDE" in Fig. 10 means a front side
along the drum rotary axis CL2 and corresponds to the
"FRONT SIDE" in Fig. 4. The "BACK SIDE" in Fig. 10
means a back side along the drum rotary axis CL2 and
corresponds to the "BACK SIDE" in Fig. 4. The drum
rotation angle illustrated in Fig. 10 corresponds to the
rotation angle of the rotating drum part 62 described in
Fig. 6.

[0085] As described above, the rotating drum part 62
of the perforating drum 60 transports the heated cigarette
1 while sucking the heated cigarette 1 in the holding
groove 63 in a section (hereinafter also referred to as a
"transport section") corresponding to rotation angles from
0° to 180°. Hereinafter, a position corresponding to a ro-
tation angle 0°, which is a start point of the transport sec-
tion, is defined as a "transport start position", and a po-
sition corresponding to a rotation angle 180°, which is a
terminal point of the transport section, is defined as a
"transportend position". Asillustrated in Fig. 10, the evac-
uation state constant position section R1 and the inser-
tion state constant position section R3 of the guide rail
821 are sections where the cam follower 250 is guided
so that a position of the cam follower 250 on a displace-
ment axis (hereinafter referred to as a "slide axis") parallel
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with the drum rotary axis CL2 is notdisplaced irrespective
of an increase in rotation angle. The insertion state con-
stant position section R3 is located on a front side by a
predetermined slide displacement amount 51 relative to
the evacuation state constant position section R1. The
insertion section R2 of the guide rail 821 is a section
where the cam follower 250 is guided so that the position
of the cam follower 250 on the slide axis is displaced
frontward in accordance with an increase in rotation an-
gle. The extraction section R4 is a section where the cam
follower 250 is guided so that the position of the cam
follower 250 on the slide axis is displaced backward in
accordance with an increase in rotation angle.

[0086] The guide rail 821 according to the present em-
bodiment is formed so that a section corresponding to
rotation angles of 165° to 15° of the rotating drum part
62 is the evacuation state constant position section R1,
a section corresponding to rotation angles of 15° to 65°
is the insertion section R2, a section corresponding to
rotation angles of 65° to 115° is the insertion state con-
stant position section R3, and a section corresponding
to rotation angles of 115° to 165° is the extraction section
R4. Accordingly, from the transport start position to the
transport end position, the cam follower 250 is sequen-
tially guided by the evacuation state constant position
section R1 (rotation angles 0° to 15°), the insertion sec-
tion R2 (rotation angles 15° to 65°), the insertion state
constant position section R3 (rotation angles 65° to 115°),
the extraction section R4 (rotation angle 115° to 165°),
and the evacuation state constant position section R1
(rotation angle 165° to 180°) of the guide rail 821.
[0087] Note that the sign "VP" in Fig. 10 represents a
virtual orthogonal surface orthogonal to the drum rotary
axis CL2. Fig. 11 is a view for explaining a relationship
between the sections R1 to R4 of the guide rail 821 pro-
vided inthe cam part 82 and the virtual orthogonal surface
VP orthogonal to the drum rotary axis CL2. As described
above, the guide rail 821 has a three-dimensional curved
shape that is equally distanced from the drum rotary axis
CL2. As illustrated in Fig. 11, the evacuation state con-
stant position section R1 and the insertion state constant
position section R3 of the guide rail 821 are parallel guide
parts 821A parallel with the virtual orthogonal surface
VP. The parallel guide parts 821A of the guide rail 821
are within a virtual plane parallel with the virtual orthog-
onal surface VP. More specifically, assume that a first
coordinate axis (the Z axis in the example illustrated in
Fig. 11), which is one coordinate axis in a three-dimen-
sional orthogonal coordinate system XYZ, is the drum
rotary axis CL2, coordinates (Z coordinates), on a first
coordinate axis, of the parallel guide parts 821A (the
evacuation state constant position section R1 and the
insertion state constant position section R3) are constant
throughout all sections of the parallel guide part 821A.
Meanwhile, the insertion section R2 and the extraction
section R4 of the guide rail 821 are inclined guide parts
821B that are inclined with respect to (not parallel with)
the virtual orthogonal surface VP. Assume that the first
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coordinate axis (the Z axis in Fig. 11) in the three-dimen-
sional orthogonal coordinate system XYZ is the drum ro-
tary axis CL2, coordinates (Z coordinates), on the first
coordinate axis (Z axis), of the inclined guide parts 821B
(the insertion section R2 and the extraction section R4)
are not constant (change) along a direction in which the
inclined guide parts 821B extend. In the present embod-
iment, it is only necessary that at least parts of the guide
rail 821 are the inclined guide parts 821B, and the inclined
guide parts 821B form the insertion section R2 and the
extraction section R4.

[0088] Inthe presentembodiment, the perforating slid-
er 220 in each perforating unit 200 is held by the slide
rods 210 so as to be slidable back and forth along the
drum rotary axis CL2. Accordingly, during circling action
of the perforating unit 200 (the perforating slider 220) in
synchronization with rotation of the rotating drum part 62,
when the cam follower 250 guided by the guide rail 821
is displaced along the drum rotary axis CL2 (slide axis),
the perforating slider 220 slides to be displaced along
the drum rotary axis CL2 (slide axis) in accordance with
the displacement of the cam follower 250. Since the nee-
dle member 240is held in the perforating slider 220, when
the perforating slider 220 slides to be displaced along
the drum rotary axis CL2 (slide axis), the needle member
240 held in the perforating slider 220 also slides to be
displaced along the drum rotary axis CL2 (slide axis). As
a result, as illustrated in Fig. 10, the needle front end
position PN of the perforating needle part 242 in the nee-
dle member 240 is displaced along the drum rotary axis
CL2 (slide axis) so as to follow the displacement of the
cam follower 250 along the drum rotary axis CL2 (slide
axis).

[0089] Inthe presentembodiment, as illustrated in Fig.
10, the needle front end position PN of the perforating
needle part 242 is maintained at a position receded back-
ward relative to the front end position of the tobacco rod
2 while the cam follower 250 is being guided by the evac-
uation state constant position section R1. That is, the
needle front end position PN of the perforating needle
part 242 is kept away from the front end surface 2a of
the tobacco rod 2 while the cam follower 250 is being
guided by the evacuation state constant position section
R1.

[0090] Next, when an engagement position of the cam
follower 250 shifts from the evacuation state constant
position section R1 to the insertion section R2 of the guide
rail 821, the cam follower 250 is displaced forward along
the drum rotary axis CL2 (slide axis) in accordance with
an increase in rotation angle. Accordingly, the needle
front end position PN of the perforating needle part 242
is gradually displaced frontward along the drum rotary
axis CL2 (slide axis), that is, toward the front end surface
2a of the tobacco rod 2 while the cam follower 250 is
being guided by the insertion section R2. In the present
embodiment, the slide displacement amount 81 is set so
that the perforating needle part 242 is inserted into the
front end surface 2a of the tobacco filler 21 of the tobacco
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rod 2in a process in which the cam follower 250 is guided
by the insertion section R2. That is, the insertion section
R2 of the guide rail 821 serves as a section where the
cam follower 250 is guided so that the perforating needle
part 242 is inserted into the tobacco rod 2 from the front
end surface 2a. In this way, the front end surface 2a of
the tobacco rod 2 (the tobacco filler 21) is perforated by
the perforating needle part 242, and thereby the hollow
part for heater insertion 23 can be formed in the tobacco
rod 2 (the tobacco filler 21).

[0091] Note that a slide stroke (hereinafter referred to
as a "needle slide stroke") 83 of the needle member 240
(the perforating needle part 242) is substantially equal to
the slide displacement amount 81. Accordingly, the hol-
low part for heater insertion 23 can be formed as a re-
cessed part having a desired depth by adjusting the slide
displacement amount 81. For example, the hollow part
for heater insertion 23 having a depth of 20 mm can be
formed in the tobacco rod 2 by setting a distance (here-
inafter referred to as an "initial needle distance") 62 be-
tween the front end surface 2a of the tobacco rod 2 during
transport of the cam follower 250 through the evacuation
state constant position section R1 and the needle front
end position PN and the slide stroke (i.e., the needle slide
stroke) 83 of the needle member 240 (the perforating
needle part242)to 5 mm and 25 mm, respectively. Need-
lessto say, the setting values of the initial needle distance
82 and the needle slide stroke 83 are illustrative and can
be changed as appropriate.

[0092] Furthermore, in the present embodiment, the
roller part 243 (contact part) of the needle member 240
provided in the perforating slider 220 slides along the
guide surface 171 of the roller guide 170 (guide member)
and thereby the needle member 240 is driven to rotate
while the cam follower 250 of the perforating slider 220
that circles in accordance with rotation of the rotating
drum part 62 is being displaced through at least a part
of the insertion section R2. In the example illustrated in
Fig. 10, during a "first needle rotation period T1", which
is a period corresponding to rotation angles 25° to 65° of
the rotating drum part 62, the roller part 243 of the needle
member 240 provided in the perforating slider 220 slides
along the guide surface 171 of the first roller guide part
170A, and thereby the needle member 240 can be rotated
by frictional force generated between the roller part 243
and the guide surface 171 during the sliding. In the
presentembodiment, the perforating needle part 242 that
is rotating is inserted into the front end surface 2a of the
tobacco rod 2 (the tobacco filler 21) to perforate the front
end surface 2a, and thereby insertion resistance (perfo-
ration resistance) during insertion of the perforating nee-
dle part 242 into the tobacco rod 2 (the tobacco filler 21)
can be reduced. As a result, the perforating needle part
242 can be smoothly inserted into the tobacco rod 2 (the
tobacco filler 21). This can make it less likely that a pos-
ture of the heated cigarette 1 (the tobacco rod 2) held by
suction in the holding groove 63 is deviated and the heat-
ed cigarette 1 (the tobacco rod 2) drops off from the hold-
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ing groove 63 when the hollow part for heater insertion
23 is formed in the tobacco rod 2. Furthermore, it is pos-
sible to suppress occurrence of deformation such as
buckling of the tobacco rod 2 when the perforating needle
part 242 is inserted into the tobacco rod 2.

[0093] Next, when the cam follower 250 guided by the
guide rail 821 shifts from the insertion section R2 to the
insertion state constant position section R3, the position
of the cam follower 250 on the slide axis is kept at a
constant position, and thereby the perforating slider 220
is kept at a constant position relative to the slide rods
210. As a result, the needle front end position PN on the
slide axis is kept at a constant position while the cam
follower 250 is being guided by the insertion state con-
stant position section R3. In this way, the insertion state
constant position section R3 of the guide rail 821 serves
as a section where the cam follower 250 is guided so that
the position of the perforating slider 220 is kept at a con-
stant position relative to the slide rods 210 and thereby
the perforating needle part 242 is kept inserted into the
tobacco rod 2. As aresult, in the insertion state constant
position section R3, the perforating needle part 242 can
be kept inserted into the tobacco rod 2.

[0094] Furthermore, in the present embodiment, the
roller part 243 (contact part) of the needle member 240
provided in the perforating slider 220 slides along the
guide surface 171 of the roller guide 170 (guide member)
and thereby the needle member 240 is driven to rotate
while the cam follower 250 of the perforating slider 220
is being displaced in at least a part of the insertion state
constant position section R3. In the example illustrated
in Fig. 10, during a "second needle rotation period T2"
corresponding to rotation angles 70° to 110° of the rotat-
ing drum part 62, the roller part 243 of the needle member
240 provided in the perforating slider 220 slides along
the guide surface 171 of the secondroller guide part170B
and the needle member 240 is rotated by frictional force
generated between the roller part 243 and the guide sur-
face 171 during the sliding. By thus driving the perforating
needle part 242 to rotate in a state where the perforating
needle part 242 is in the tobacco rod 2, the hollow part
for heater insertion 23 can be formed to proper size and
shape. That is, by driving the perforating needle part 242
to rotate while the cam follower 250 of the perforating
slider 220 is in the insertion state constant position sec-
tion R3 of the guide rail 821, the hollow part for heater
insertion 23 having a shape and a size matching the per-
forating needle part 242 inserted into the tobacco rod 2
can be formed neatly, and the hollow part for heater in-
sertion 23 becomes less likely to be formed in a distorted
manner.

[0095] Next, when the cam follower 250 guided by the
guide rail 821 shifts from the insertion state constant po-
sition section R3 to the extraction section R4, the cam
follower 250 is displaced backward along the drum rotary
axis CL2 (slide axis) in accordance with an increase in
rotation angle. Accordingly, the needle front end position
PN of the perforating needle part 242 is displaced back-
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ward along the drum rotary axis CL2 (slide axis), that is,
in a direction in which the perforating needle part 242 is
extracted from the tobacco rod 2 while the cam follower
250 is being guided by the extraction section R4. In this
way, the extraction section R4 of the guide rail 821 serves
as a section in which the cam follower 250 is guided so
that the perforating needle part 242 is extracted from the
tobacco rod 2. As a result, the perforating needle part
242 can be suitably extracted from the tobacco rod 2 in
a process in which the cam follower 250 is guided by the
extraction section R4.

[0096] Furthermore, the roller part 243 (contact part)
of the needle member 240 provided in the perforating
slider 220 slides along the guide surface 171 of the roller
guide 170 (guide member) and thereby the needle mem-
ber 240 is driven to rotate while the cam follower 250 of
the perforating slider 220 is being displaced in at least a
part of the extraction section R4. In the example illustrat-
ed in Fig. 10, during a "third needle rotation period T3"
corresponding to rotation angles 115° to 155° of the ro-
tating drum part 62, the roller part 243 of the needle mem-
ber 240 provided in the perforating slider 220 slides along
the guide surface 171 of the third roller guide part 170C
and the needle member 240 is rotated by frictional force
generated between the roller part 243 and the guide sur-
face 171 during the sliding. By thus extracting the perfo-
rating needle part 242 from the tobacco rod 2 (the tobacco
filler 21) while rotating the perforating needle part 242,
extraction resistance of the perforating needle part 242
can be reduced. As a result, the perforating needle part
242 can be smoothly extracted from the tobacco rod 2
(the tobacco filler 21). This can make it less likely that
the tobacco filler 21 is attached to the perforating needle
part 242 when the perforating needle part 242 is extracted
from the tobacco rod 2. As a result, the hollow part for
heater insertion 23 can be made less likely to be out of
shape or distorted. Furthermore, the heated cigarette 1
(the tobacco rod 2) can be suitably made less likely to
drop off from the holding groove 63 when the perforating
needle part 242 is extracted from the tobacco rod 2.
[0097] The needle front end position PN of the perfo-
rating needle part 242 is kept separated away from the
front end surface 2a of the tobacco rod 2 after the cam
follower 250 guided by the guide rail 821 shifts from the
extraction section R4 to the evacuation state constant
position section R1. Specifically, the needle front end po-
sition PN of the perforating needle part 242 is kept sep-
arated away from the front end surface 2a of the tobacco
rod 2 by the initial needle distance 82. Then, when the
rotation angle of the rotating drum part 62 reaches the
transport end position, the heated cigarette 1 having the
hollow part for heater insertion 23 in the tobacco rod 2 is
delivered from the perforating drum 60 to the succeeding
drum 59.

[0098] In the present embodiment, in the example il-
lustratedin Figs. 10 and 11, the inclined guide parts 821B
(the insertion section R2 and the extraction section R4)
of the guide rail 821 are formed as constant-speed slide
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regions where an inclination angle with respect to the
virtual orthogonal surface VP is constant. The state
where the inclination angle with respect to the virtual or-
thogonal surface VP is constant means that an amount
of change of a coordinate (z coordinate) on the first co-
ordinate axis (Z axis) per unit rotation angle of the rotating
drum part 62 is constant. In a case where the insertion
section R2 of the guide rail 821 is formed as a constant-
speed slide region, the perforating needle part 242 slides
forward along the drum rotary axis CL2 (slide axis) at a
constant speed when the cam follower 250 is guided
along the insertion section R2. As a result, the perforating
needle part 242 is inserted into the tobacco rod 2 at a
constant speed. Similarly, in a case where the extraction
section R4 of the guide rail 821 is formed as a constant-
speed slide region, the perforating needle part 242 slides
backward along the drum rotary axis CL2 (slide axis) at
a constant speed when the cam follower 250 is guided
along the extraction section R4. As a result, the perforat-
ing needle part 242 is extracted from the tobacco rod 2
ataconstantspeed. In a case where the insertion section
R2 and the extraction section R4 of the guide rail 821 are
formed as constant-speed slide regions as described
above, an inclination angle (hereinafter referred to as an
"insertion section inclination angle") of the insertion sec-
tion R2 with respect to the virtual orthogonal surface VP
and an inclination angle (hereinafter referred to as a "ex-
traction section inclination angle") of the extraction sec-
tion R4 with respect to the virtual orthogonal surface VP
may be equal or may be different. In a case where the
insertion section inclination angle and the extraction sec-
tion inclination angle of the guide rail 821 are equal, an
insertion speed at which the perforating needle part 242
isinserted into the tobacco rod 2 and an extraction speed
at which the perforating needle part 242 is extracted from
the tobacco rod 2 are equal. Meanwhile, in a case where
the insertion section inclination angle and the extraction
section inclination angle of the guide rail 821 are different,
the insertion speed at which the perforating needle part
242 is inserted into the tobacco rod 2 and the extraction
speed at which the perforating needle part 242 is extract-
ed from the tobacco rod 2 can be set different.

[0099] Furthermore, in the present embodiment, the
inclined guide parts 821B (the insertion section R2 and
the extraction section R4) of the guide rail 821 may be
formed as variable-speed slide regions where the incli-
nation angle with respectto the virtual orthogonal surface
VP is not constant (changes). The state where the incli-
nation angle with respectto the virtual orthogonal surface
VP is not constant (changes) means that an amount of
change of a coordinate (z coordinate) on the first coor-
dinate axis (Z axis) per unit rotation angle of the rotating
drum part 62 is not constant and changes. For example,
in a case where the insertion section R2 of the guide rail
821 is formed as a variable-speed slide region, the per-
forating needle part 242 slides forward along the drum
rotary axis CL2 (slide axis) while changing a sliding speed
thereof when the cam follower 250 is guided along the
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insertion section R2. As a result, the perforating needle
part 242 is inserted into the tobacco rod 2 while changing
an insertion speed thereof. Similarly, in a case where the
extraction section R4 of the guide rail 821 is formed as
a variable-speed slide region, the perforating needle part
242 slides backward along the drumrotary axis CL2 (slide
axis) while changing a sliding speed thereof when the
cam follower 250 is guided along the extraction section
R4. As aresult, the perforating needle part 242 is extract-
ed from the tobacco rod 2 while changing an extraction
speed thereof. In the present embodiment, itis only nec-
essary that the inclined guide parts 821B of the guide rail
821 include at least one of the "constant-speed slide re-
gion" and the "variable-speed slide region". That is, all
of the inclined guide parts 821B of the guide rail 821 may
be either the "constant-speed slide region" or the "vari-
able-speed slide region”. Alternatively, the inclined guide
parts 821B of the guide rail 821 may include both of the
"constant-speed slide region" and the "variable-speed
slide region". In this case, a ratio of the "constant-speed
slide region" and the "variable-speed slide region" can
be freely set.

[0100] It is preferable that the extraction section incli-
nation angle (an inclination angle of an extraction section
with respect to the virtual orthogonal surface VP) of the
guide rail 821 is smaller than the insertion section incli-
nation angle (an inclination angle of an insertion section
with respect to the virtual orthogonal surface VP). This
can make a speed at which the perforating needle part
242 is extracted from the tobacco rod 2 lower than a
speed at which the perforating needle part242is inserted
into the tobacco rod 2. Extraction resistance during ex-
traction of the perforating needle part 242 from the to-
bacco rod 2 tends to be relatively larger than insertion
resistance during insertion of the perforating needle part
242 into the tobacco rod 2. In view of this, by setting a
speed at which the perforating needle part 242 is extract-
ed from the tobacco rod 2 lower than a speed at which
the perforating needle part 242 is inserted into the tobac-
corod 2, the perforating needle part 242 can be extracted
from the tobacco rod 2 slowly. This can make it less likely
that the heated cigarette 1 (the tobacco rod 2) drops off
from the holding groove 63, the tobacco filler 21 is at-
tached to the perforating needle part 242, and shape of
the hollow part for heater insertion 23 is distorted when
the perforating needle part 242 is extracted from the to-
bacco rod 2.

[0101] Furthermore, the cam part 82 (the guide rail
821) of the present embodiment is preferably configured
such that the extraction section R4 is longer than the
insertion section R2. This can make a time taken to ex-
tract the perforating needle part 242 from the tobacco
rod 2 longer than a time taken to insert the perforating
needle part 242 into the tobacco rod 2. Accordingly, the
perforating needle part 242 can be extracted from the
tobacco rod 2 slowly. This can suitably make it less likely
that the heated cigarette 1 (the tobacco rod 2) drops off
from the holding groove 63, the tobacco filler 21 is at-
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tached to the perforating needle part 242, and the shape
of the hollow part for heater insertion 23 is distorted when
the perforating needle part 242 is extracted from the to-
bacco rod 2.

[0102] Fig. 12 is a view for explaining a first central
angle (hereinafter referred to as an "insertion section cen-
tral angle") ¢1 formed between a first directional vector
V1 of a first virtual perpendicular line VL1 extending from
a start position (hereinafter referred to as an "insertion
section start end") P1 of the insertion section R2 of the
guide rail 821 toward the drum rotary axis CL2 and a
second directional vector V2 of a second virtual perpen-
dicular line VL2 extending from an end position (herein-
after referred to as an "insertion section terminal end")
P2 of the insertion section R2 toward the drum rotary axis
CL2 and a second central angle (hereinafter referred to
as an "extraction section central angle") ¢2 formed be-
tween a third directional vector V3 of a third virtual per-
pendicular line VL3 extending from a start position (here-
inafter referred to as an "extraction section startend") P3
of the extraction section R4 toward the drum rotary axis
CL2 and a fourth directional vector V4 of a fourth virtual
perpendicular line VL4 extending from an end position
(hereinafter referred to as an "extraction section terminal
end") P4 of the extraction section R4 toward the drum
rotary axis CL2. Note that the insertion section start end
P1, the insertion section terminal end P2, the extraction
section start end P3, and the extraction section terminal
end P4 are also illustrated in Fig. 11. In a case where a
section corresponding to rotation angles 15° to 65° of the
rotating drum part 62 is set as the insertion section R2
and a section corresponding to rotation angles 115° to
165° of the rotating drum part 62 is set as the extraction
section R4 as in the example described in Fig. 10, both
oftheinsertion section central angle ¢1 and the extraction
section central angle ¢2 are set to 50°. In the present
embodiment, the insertion section central angle ¢1 and
the extraction section central angle ¢2 may be set to dif-
ferent angles. In this case, itis preferable that the extrac-
tion section central angle ¢2 is relatively larger than the
insertion section central angle 1. With this configuration,
the perforating needle part 242 can be extracted from
the tobacco rod 2 slowly. This can make it less likely that
the heated cigarette 1 (the tobacco rod 2) drops off from
the holding groove 63, the tobacco filler 21 is attached
to the perforating needle part 242, and the shape of the
hollow part for heater insertion 23 is distorted when the
perforating needle part 242 is extracted from the tobacco
rod 2. In the present embodiment, an aspect in which the
insertion section central angle (first central angle) ¢1 is
10° or more and 120° or less can be presented as an
example. Furthermore, an aspect in which the extraction
section central angle (second central angle) ¢2 is 10° or
more and 180° or less can be presented as an example.
[0103] As described above, according to the present
embodiment, itis possible to provide the perforating drum
device 70 suitable for forming the hollow part for heater
insertion 23 opened in the front end surface 2a of the
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tobacco rod 2.

[0104] Furthermore, the roller guide 170 of the perfo-
rating drum device 70 according to the present embodi-
ment is divided into the first to third roller guide parts
170A to 170C (a plurality of divided guide parts), and
theseroller guide parts 170A to 170C are separated away
from one another. This can make it easy to finely adjust
the position and the like of the guide surface 171 in a
case where frictional force changes, for example, due to
wear of the roller part 243 of the needle member 240
caused by friction with the guide surface 171. Further-
more, it becomes easy to finely adjust rotary torque of
the needle member 240 in accordance with an amount
of the tobacco filler 21 with which the tobacco rod 2 is
filled.

[0105] Various modifications can be employed as the
perforating drum device 70 according to the present em-
bodiment. For example, various modification can be em-
ployed as the stroke operation of the needle member 240
in a process of transporting the heated cigarette 1 by the
perforating drum 60. For example, the stroke operation
of the needle member 240 may be changed by changing
lengths or aratio of the evacuation state constant position
section R1, the insertion section R2, the insertion state
constant position section R3, and the extraction section
R4 of the guide rail 821. For example, the guide rail 821
may be configured such that the insertion state constant
position section R3 is not formed between the insertion
section R2 and the extraction section R4. By thus forming
the guide rail 821, the perforating needle part 242 may
be extracted from the tobacco rod 2 immediately after
the hollow part for heater insertion 23 is formed by in-
serting the perforating needle part 242 of the needle
member 240 into the tobacco rod 2.

[0106] Furthermore, an aspect in which the diameter
of the tobacco rod 2 is approximately 7 mm to 8 mm is
presented as an example. In view of this, it is preferable
that the diameter of the perforating needle part 242 of
the needle member 240 is 3.5 mm or less in the perfo-
rating drum device 70. This makes it possible to form the
hollow part for heater insertion 23 having a suitable di-
ameter with respect to the tobacco rod 2.

[0107] Although the hollow part for heater insertion 23
is a non-through recessed part opened in the front end
surface 2a of the tobacco rod 2 in the heated cigarette 1
illustrated in Fig. 1, the hollow part for heater insertion
23 may be formed as a through-hole passing through the
tobacco rod 2 in an axial direction.

[0108] Fig. 13 is a view for explaining a relationship
between a needle axis AN of the perforating needle part
242 and the holding grooves 63 (holding parts) in the
perforating drum device 70. The sign "Pcb" in Fig. 13
represents a center of a groove bottom (hereinafter re-
ferred to as a "groove bottom center") of each of the hold-
ing grooves 63 (holding parts). In Fig. 13, the groove
bottom center Pcb is located at a deepest part of each
holding groove 63 having a semi-circular cross-sectional
shape. The sign "VL5" represents a virtual perpendicular
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line extending from the groove bottom center Pcb of each
holding groove 63 (holding part) toward the drum rotary
axis CL2. The sign "Pcc" represents an intersection of
the virtual perpendicular line VL5 and the drum rotary
axis CL2. That is, the intersection Pcc is located on the
drum rotary axis CL2. The sign "VL6" represents a
straight line passing the intersection Pcc and the groove
bottom center Pcb. In the present embodiment, it is pref-
erable that the needle axis AN of the perforating needle
part242is set so as to pass a pointlocated on the straight
line VL6 and outside the groove bottom center Pcb and
extend parallel with the drum rotary axis CL2. In this case,
it is more preferable that a distance between the groove
bottom center Pcb of the holding groove 63 and the nee-
dle axis AN of the perforating needle part 242 is set equal
to or less than a diameter of the tobacco rod 2 held in
the holding groove 63. In the present embodiment, the
distance between the groove bottom center Pcb of the
holding groove 63 and the needle axis AN of the perfo-
rating needle part 242 is, for example, set equal to a
radius of the tobacco rod 2 held in the holding groove 63,
and as a result, the needle axis AN of the perforating
needle part 242 is set so as to be coaxial with the central
axis CL1 of the tobacco rod 2 held in the holding groove
63. By thus setting the position of the needle axis AN,
the hollow part for heater insertion 23 of the tobacco rod
2 can be formed so as to be coaxial with the central axis
CL1 of the tobacco rod 2.

[0109] Fig. 14 is a view for explaining a modification of
Embodiment 1. Fig. 14 corresponds to Fig. 7 and illus-
trates a detailed configuration of the perforating unit 200.
The rotating drum part 62 according to this modification
has a second stop ring 187. The second stop ring 187 is
an annular ring member attached to the outer circumfer-
ential surface 62A of the rotating drum part 62 and is
disposed so as to face the stop ring 186. The second
stop ring 187 is attached on a back side of the holding
groove 63. The second stop ring 187 is a second stopper
member that makes it less likely that the heated cigarette
1 drops off from the holding groove 63 by making contact
with the front end surface 2a of the tobacco rod 2 when
the perforating needle part 242 is extracted from the to-
bacco rod 2.

[0110] Fig. 15 is a partial enlarged view of the second
stop ring 187 according to the modification of Embodi-
ment 1. Fig. 15 illustrates the second stop ring 187 viewed
parallel with the drum rotary axis CL2. As illustrated in
Fig. 15, the second stop ring 187 has cutouts 187A pro-
vided at positions corresponding to the holding grooves
63. Each of the cutouts 187A of the second stop ring 187
overlaps the perforating needle part 242 in a direction of
the drum rotary axis CL2 so that the perforating needle
part 242 does not interfere (collide) with the second stop
ring 187 when the perforating needle part 242 slides
along the needle axis AN. In Fig. 15, the broken line in-
dicates a contour of the tobacco rod 2, and the dot-dash-
line indicates a contour of the perforating needle part
242. As illustrated in Fig. 15, each of the cutouts 187A
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of the second stop ring 187 is smaller than the contour
of the tobacco rod 2. With this configuration, the frontend
surface 2a makes contact with the second stop ring 187
(more specifically, for example, an edge part of the cutout
187A) and thereby the tobacco rod 2 can be made less
likely to drop off from the holding groove 63 even in a
case where the tobacco rod 2 is displaced backward due
to extraction resistance during extraction of the tobacco
rod 2 from the perforating needle part 242. Although the
front end surface 2a of the tobacco rod 2 and the second
stop ring 187 are separated away from each other in the
drum rotary axis CL2 direction in a state where the to-
bacco rod 2 is held in the holding groove 63 in the exam-
ple illustrated in Fig. 14, the second stop ring 187 may
be disposed so that the front end surface 2a and the
second stop ring 187 make contact with each other when
the tobacco rod 2 is held in the holding groove 63.
[0111] Note thatthe presentinvention may be provided
as a perforation device including a plurality of perforating
drum devices 70 according to the above embodiment. In
such a perforation device, the perforating drum devices
70 may be incorporated into the filter tip attachment de-
vice 50. Fig. 16 is a view for explaining a perforation de-
vice including a plurality of perforating drum devices 70
incorporated into the filter tip attachment device 50. In
the example illustrated in Fig. 16, the perforation device
includes two perforating drum devices 70. The individual
perforating drum devices 70 have been described above
in the embodiment. The sign "70A" represents a perfo-
rating drum device located in a relatively former stage in
the filter tip attachment device 50, and the perforating
drum device 70A is hereinafter referred to as a "former-
stage perforating drum device". The sign "70B" repre-
sents a perforating drum device located in a later stage
relative to the former-stage perforating drum device 70A,
and the perforating drum device 70B is hereinafter re-
ferred to as a "later-stage perforating drum device". A
needle diameter of the perforating needle part 242 pro-
vided in the later-stage perforating drum device 70B lo-
cated in a relatively later stage may be larger than a nee-
dle diameter of the perforating needle part 242 provided
in the former-stage perforating drum device 70A located
in a relatively former stage among the plurality of perfo-
rating drum devices 70. By thus arranging the plurality
of perforating drum devices 70 and forming the hollow
part for heater insertion 23 by using the perforating nee-
dle parts 242 whose diameters increase in stages in the
tobacco rod 2 of the heated cigarette 1 sequentially trans-
ported through a drum sequence, the diameter of the
hollow part for heater insertion 23 can be increased in
stages. Specifically, the hollow part for heater insertion
23 is formed as a base hole in the tobacco rod 2 by the
former-stage perforating drum device 70A, and then the
tobacco rod 2 is further perforated by the perforating nee-
dle part 242 of the later-stage perforating drum device
70B. As a result, the hollow part for heater insertion 23
having a desired diameter and neatly shaped can be
formed with higher precision.
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[0112] Furthermore, a needle insertion depth dimen-
sion of the perforating needle part 242 provided in the
later-stage perforating drum device 70B located in a rel-
atively later stage may be larger than a needle insertion
depth dimension of the perforating needle part 242 pro-
vided in the former-stage perforating drum device 70A
located in a relatively former stage among the plurality
of perforating drum devices 70. In this case, the hollow
part for heater insertion 23 is formed as a base hole in
the tobacco rod 2 by the former-stage perforating drum
device 70A, and then the tobacco rod 2 can be further
perforated deeper by the perforating needle part 242 of
the later-stage perforating drum device 70B. Although an
example in which two perforating drum devices 70 are
arranged serially has been described in the example il-
lustrated in Fig. 16, the perforation device may include
three or more perforating drum devices 70. The needle
diameter of the perforating needle part 242 may be in-
creased in stages or the needle insertion depth dimen-
sion of the perforating needle part 242 may be increased
in stages from a most upstream perforating drum device
70 to a most downstream perforating drum device 70,
and thereby the hollow part for heater insertion 23 in the
tobacco rod 2 may be increased in diameter in stages or
may be made deeper in stages.

[0113] Althoughthe drum59isinterposed between the
perforating drums 60 of the perforating drum devices 70
inthe example illustrated in Fig. 16, the perforating drums
60 of the perforating drum devices 70 may be disposed
successively. Furthermore, a plurality of drums 59 may
be interposed between the perforating drums 60 of the
perforating drum devices 70.

[0114] Althoughthe embodimentand modifications ac-
cording to the present invention have been described
above, the perforating drum device and the perforation
device according to the present invention are not limited
tothese, and these can be combined as long as possible.

Reference Signs List
[0115]

1 heated cigarette

2 tobacco rod
3 filter
21 tobacco filler

23 hollow part for heater insertion
50 filter tip attachment

60 perforating drum

62 rotating drum part

63 holding groove

70 perforating drum device

80 fixed housing

82 cam part

200 perforating unit
210  slide rod
220 perforating slider



230
240
242

33

slider body
needle member
perforating needle part

Claims

1.

A perforating drum device for forming a hollow part
in a tobacco rod of a heated cigarette, comprising:

a rotating drum part having, on an outer circum-
ferential surface thereof, a holding part that
holds the heated cigarette so that an axial direc-
tion of the tobacco rod extends along a drum
rotary axis;

a perforating unit that is provided on the rotating
drum part and perforates a front end of the to-
bacco rod of the heated cigarette held in the
holding part in a process of transporting the
heated cigarette; and

a cam part that is provided on a rotating drum
base part provided beside the rotating drum part,
wherein

the perforating unit has a slide rod that circles
in synchronization with the rotating drum part
and extends parallel with the drum rotary axis,
a perforating slider that has a perforating needle
part disposed on an outer circumferential side
relative to the rotating drum part and is held by
the slide rod so as to be slidable back and forth
along an axial direction of the slide rod, and a
cam follower that is provided on the perforating
slider, is engaged with the cam part, and circles
in accordance with rotation of the rotating drum
part while being guided by the cam part, so that
the perforating slider slides back and forth along
the axial direction of the slide rod, and

the cam part includes at least an insertion sec-
tion that guides the cam follower so that the per-
forating needle part is inserted into the tobacco
rod from the front end and an extraction section
that guides the cam follower so that the perfo-
rating needle part is extracted from the tobacco
rod.

The perforating drum device according to Claim 1,
wherein

the cam part has a guide rail that extends in an arc
shape about the drum rotary axis and accommo-
dates the cam follower.

The perforating drum device according to Claim 2,
wherein

the guide rail is disposed in an annular manner about
the drum rotary axis.

The perforating drum device according to Claim 2 or
3, wherein
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10.

34

the guide rail has a three-dimensional curved
shape equally distanced from the drum rotary
axis and has aninclined guide partthatis at least
partially inclined with respect to a virtual orthog-
onal surface orthogonal to the drum rotary axis;
and

the insertion section and the extraction section
are formed by the inclined guide part.

The perforating drum device according to Claim 4,
wherein

the inclined guide part includes at least one of a con-
stant-speed slide region where an inclination angle
with respect to the virtual orthogonal surface is con-
stant and a variable-speed slide region where the
inclination angle with respect to the virtual orthogonal
surface is not constant.

The perforating drum device according to Claim 4 or
5, wherein

an inclination angle of the extraction section with re-
spectto the virtual orthogonal surface is smaller than
an inclination angle of the insertion section with re-
spect to the virtual orthogonal surface.

The perforating drum device according to any one
of Claims 2 to 6, wherein
the rotating drum base part has a cylindrical housing
thatis coaxial with the drum rotary axis, and the guide
railis provided along an outer circumferential surface
of the cylindrical housing.

The perforating drum device according to any one
of Claims 1 to 7, wherein

the cam part is configured such that the extraction
section is longer than the insertion section.

The perforating drum device according to any one
of Claims 1 to 8, wherein

the cam partis disposed in an annular manner about
the drum rotary axis and is configured such that a
second central angle ¢2 formed between a direction-
al vector of a third virtual perpendicular line extend-
ing from a start position of the extraction section to-
ward the drum rotary axis and a directional vector of
a fourth virtual perpendicular line extending from an
end position of the extraction section toward the
drum rotary axis is larger than a first central angle
¢1 formed between a directional vector of a first vir-
tual perpendicular line extending from a start position
of the insertion section toward the drum rotary axis
and a directional vector of a second virtual perpen-
dicular line extending from an end position of the
insertion section toward the drum rotary axis.

The perforating drum device according to any one
of Claims 1 to 9, wherein
the cam partis disposed in an annular manner about



1.

12.

13.

14.

15.

35

the drum rotary axis and is configured such that a
first central angle ¢1 formed between a directional
vector of a first virtual perpendicular line extending
from a start position of the insertion section toward
the drum rotary axis and a directional vector of a
second virtual perpendicular line extending from an
end position of the insertion section toward the drum
rotary axis is 10° or more and 120° or less.

The perforating drum device according to any one
of Claims 1 to 10, wherein

the cam partis disposed in an annular manner about
the drum rotary axis and is configured such that a
second central angle ¢2 formed between a direction-
al vector of a third virtual perpendicular line extend-
ing from a start position of the extraction section to-
ward the drum rotary axis and a directional vector of
a fourth virtual perpendicular line extending from an
end position of the extraction section toward the
drum rotary axis is 10° or more and 180° or less.

The perforating drum device according to any one
of Claims 1 to 11, wherein

the cam partincludes, between the insertion section
and the extraction section, an insertion state con-
stant position section that guides the cam follower
so that the perforating needle part is kept inserted
into the tobacco rod by keeping the perforating slider
at a constant position relative to the slide rod.

The perforating drum device according to any one
of Claims 1 to 12, wherein

a diameter of the perforating needle part is 3.5 mm
or less.

The perforating drum device according to any one
of Claims 1 to 13, wherein

the perforating slider has a slider body slidably
attached to the slide rod and a needle shaft part
that is rotatably held by the slider body and has
the perforating needle part attached to a front
end side thereof;

the needle shaft part and the perforating needle
part are disposed coaxially with each other and
are rotatable about a rotary axis parallel with the
drum rotary axis; and

the rotating drum base part has a guide member
that extends in an arc shape about the drum
rotary axis and along which a predetermined
contact part of the needle shaft part slides to
rotate the needle shaft part during a period
where the cam follower of the perforating slider
that circles in accordance with rotation of the
rotating drum part is displaced in at least a part
of the insertion section.

The perforating drum device according to Claim 14,
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16.

17.

18.

19.

20.

21.

36

wherein

the guide member is configured to make contact with
the contact part during a period where the cam fol-
lower of the perforating slider that circles in accord-
ance with rotation of the rotating drum part is dis-
placed in at least a part of the extraction section.

The perforating drum device according to Claim 14
or 15, wherein

the contact partis anannularroller partthatis coaxial
and integral with the needle shaft part, and the nee-
dle shaft part rotates due to friction generated when
the roller part slides on the guide member.

The perforating drum device according to any one
of Claims 14 to 16, wherein

the guide member is divided into a plurality of divided
guide parts, and the plurality of divided guide parts
are separated away from one another.

The perforating drum device according to any one
of Claims 1 to 17, wherein

the holding part is a holding groove having a
recessed shape that is capable of holding the
heated cigarette; and

aneedle axis of the perforating needle part pass-
es a point that is located on a straight line pass-
ing an intersection of a virtual perpendicular line
extending from a groove bottom center of the
holding groove toward the drum rotary axis and
the drum rotary axis and passing the groove bot-
tom center andis located outside the groove bot-
tom center and extends parallel with the drum
rotary axis.

The perforating drum device according to Claim 18,
wherein

a distance between the groove bottom center of the
holding groove and the needle axis of the perforating
needle part is set equal to or less than a diameter of
the tobacco rod of the heated cigarette held in the
holding groove.

The perforating drum device according to any one
of Claims 1 to 19, wherein

the rotating drum part has a first stopper member
that makes contact with an inhalation end of the heat-
ed cigarette so that the heated cigarette becomes
less likely to drop off from the holding part when the
perforating needle part is inserted into the front end
of the tobacco rod.

The perforating drum device according to any one
of Claims 1 to 20, wherein

the rotating drum part has a second stopper member
that makes contact with the front end of the tobacco
rod so that the heated cigarette becomes less likely



22.

23.
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to drop off from the holding part when the perforating
needle part is extracted from the tobacco rod.

A perforation device comprising a plurality of perfo-
rating drum devices according to any one of Claims
1 to 21, wherein

a needle diameter of the perforating needle part pro-
vided in a perforating drum device that is located in
a relatively later stage is larger than a needle diam-
eter of the perforating needle part provided in a per-
forating drum device that is located in a relatively
former stage among the plurality of perforating drum
devices.

A perforation device comprising a plurality of perfo-
rating drum devices according to any one of Claims
1 to 21, wherein

aneedle insertion depth dimension of the perforating
needle part provided in a perforating drum device
thatis located in arelatively later stage is larger than
aneedle insertion depth dimension of the perforating
needle part provided in a perforating drum device
thatis located in a relatively former stage among the
plurality of perforating drum devices.
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