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(54) CIGARETTE MAKING

(57) A cigarette making apparatus comprises a filter-
plug attachment mechanism arranged to butt a filter plug
coaxially against a cigarette and then wrap tip paper
around the cigarette and filter plug to cover a joint where
the cigarette and the filter plug meet, a laser hole-forming
device arranged to form air holes in the tip paper by pro-
jecting laser light onto the side of the tip paper intended

to contact the cigarette and filter plug (back side), while
the tip paper is being supplied to the filter-plug attachment
mechanism, and an air-permeability measurement de-
vice arranged to measure the air permeability of the tip
paper with the air holes formed, wherein the air-flow re-
sistance Vf of a filter-tipped cigarette is adjusted by feed-
back-controlling the laser hole-forming device on the ba-
sis of the air permeability measured.
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Description

Technical Field

[0001] This invention relates to a cigarette making ap-
paratus for making a filter-tipped cigarette with a filter
plug attached to the end of a cigarette, by butting the
cigarette and the filter plug and wrapping tip paper around
them to cover a joint where they meet.

Background Art

[0002] As disclosed in Japanese Unexamined Patent
Publication No. Hei 4-316474, for example, a filter-tipped
cigarette is made by butting a filter plug coaxially against
a rod-like cigarette, which is formed by wrapping cut to-
bacco in wrapping paper, and wrapping tip paper around
them to cover a joint where they meet. In some cases,
in advance of this process, air holes are formed in the tip
paper to adjust the air-flow resistance Vf of the filter-
tipped cigarette, as disclosed in U.S. Patent No.
6,675,811, for example. In other cases, the air-flow re-
sistance Vf of the filter-tipped cigarette is adjusted by
forming air holes in the tip paper already wrapped around
the cigarette and filter plug butted.
[0003] The air-flow resistance Vf of a filter-tipped cig-
arette depends on the quality of cut tobacco, the hard-
ness of a cigarette (the amount of cut tobacco packed),
etc. Hence, even if air holes are formed in the tip paper
in advance to adjust the air-flow resistance (hole-related
air permeability) of the tip paper as in the first-mentioned
case, it cannot guarantee the air-flow resistance Vf of the
end product, i.e., filter-tipped cigarette. Meanwhile, when
air holes (referred to as "rod holes") are formed by pro-
jecting a laser beam onto the tip paper already wrapped
around the cigarette and filter plug butted as in the sec-
ond-mentioned case, there is produced a problem such
that holes formed extend into the filter plug located inside
the tip paper. This also leads to problems such that due
to the laser beam projected, the taste of the cigarette
changes, and that the filter plug burnt produces a burnt
smell. Further, it is necessary to remove ash produced
in forming the air holes (residue left after the burning of
the tip paper).

Disclosure of the Invention

[0004] The primary object of this invention is to provide
a cigarette making apparatus capable of forming appro-
priate air holes in tip paper without causing the above-
mentioned problems and easily adjusting the air-flow re-
sistance Vf of a filter-tipped cigarette.
[0005] In order to achieve this object, a cigarette mak-
ing apparatus according to this invention comprises, as
stated in claim 1,

〈a〉 a filter-plug attachment mechanism arranged to
attach a filter plug to the end of a cigarette by butting

the filter plug coaxially against the cigarette and then
wrapping tip paper around the cigarette and filter
plug to cover a joint where the cigarette and the filter
plug meet,
〈b〉 a laser hole-forming device provided in a path
along which the tip paper is supplied to the filter-plug
attachment mechanism, and arranged to form air
holes in the tip paper by projecting laser light onto
the side of the tip paper intended to contact the cig-
arette and filter plug (back side), and
〈c〉 an air-permeability measurement device provid-
ed forward of the laser hole-forming device and ar-
ranged to measure the air permeability of the tip pa-
per with the air holes formed.

[0006] Desirably, as stated in claim 2 [sic], the laser
hole-forming device is arranged such that the output pow-
er of the laser light and/or the laser light projection period
is feedback-controlled on the basis of output of the air-
permeability measurement device.
[0007] Thus, in the cigarette making apparatus accord-
ing to this invention, the air-flow resistance (hole-related
air permeability) of the tip paper can be adjusted in real
time by forming minute air-holes in the tip paper by pro-
jecting laser light while the tip paper is being supplied to
the filter-plug attachment mechanism. In this description,
this technique is called pre-forming of holes. Further, by
projecting the laser light onto the side of the tip paper
intended to contact the cigarette (back side), it is ar-
ranged that a burnt part produced around an air hole
when the air hole is formed comes to the inner side of
the wrapped tip paper in the filter-tipped cigarette com-
pleted, and therefore does not appear on the outside of
the filter-tipped cigarette (not visible externally).
[0008] Here, it is desirable to control the air-flow resist-
ance (hole-related air permeability) to be imparted to the
tip paper, on the basis of the air-flow resistance Vf of the
filter-tipped cigarette produced.
[0009] As stated in claim 3 [sic], the cigarette making
machine according to the present invention may further
comprise

(d) a traveling position sensor provided backward
[sic] of the laser hole-forming device and arranged
to detect the widthwise position of the tip paper
traveling, and
(e) a meandering correction mechanism provided
forward [sic] of the laser hole-forming device and
arranged to correct the widthwise position of the tip
paper traveling, on the basis of the result of detection
by the traveling position sensor.

[0010] Desirably, as stated in claim 4 [sic], the mean-
dering correction mechanism includes a turn bar ar-
ranged to be oblique relative to the width of the tip paper
to change the direction of traveling of the tip paper, and
a slide mechanism arranged to slide the turn bar along
the width of the tip paper on the basis of the result of
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detection by the traveling position sensor.
[0011] Thus, in the cigarette making apparatus accord-
ing to this invention, by forming air holes in the tip paper
by means of the laser hole-forming device while correct-
ing the meandering of the tip paper, the holes are posi-
tioned with high accuracy, so that the tip paper with the
air holes formed has an improved quality. Further, by
forming air holes at regular positions, the filter-tipped cig-
arette can be easily made to have a fixed air-flow resist-
ance Vf.
[0012] In the cigarette making apparatus arranged as
described above, air-holes are formed in the tip paper
online while the tip paper is being supplied to the filter-
plug attachment mechanism. Hence, the air-flow resist-
ance (hole-related air permeability) to be imparted to the
tip paper can be controlled in real time on the basis of
the air-flow resistance Vf of the filter-tipped cigarette pro-
duced, for example. Thus, even if the air-flow resistance
of the cigarette changes due to the properties of cut to-
bacco, etc., the filter-tipped cigarette, which is the end
product, can be easily made to have a fixed air-flow re-
sistance Vf.
[0013] Further, the air holes are formed by projecting
laser light onto the back side of the tip paper, i.e., the
side intended to contact the cigarette. Hence, even if a
burnt part is produced on the side of the tip paper onto
which the laser light is projected (back side), the burnt
part comes to the inner side of the wrapped tip paper in
the filter-tipped cigarette completed, and therefore is not
visible externally. Thus, the filter-tipped cigarette can
have an improved appearance.
[0014] Further, in the cigarette making apparatus pro-
vided with the meandering correction mechanism, the
widthwise shift of the tip paper can be easily corrected.
Hence, the air holes can be formed in the tip paper at
correct positions, stably. Thus, the tip paper with the air
holes formed at predetermined positions can be supplied
to the filter-plug attachment mechanism, so that the filter-
tipped cigarette can be produced with a stable quality.

Brief Description of the Drawings

[0015]

[FIG. 1] A diagram schematically showing the struc-
ture of a cigarette making apparatus in one embod-
iment of this invention.
[FIG. 2] A plan view showing a relevant part of the
cigarette making apparatus shown in FIG. 1, with a
tip paper transportation path indicated.
[FIG. 3] A diagram showing the structure of the tip
paper transportation path in a region near a laser
hole-forming unit.
[FIG. 4] A diagram schematically showing the struc-
ture of a laser unit constituting the laser hole-forming
unit.
[FIG. 5] A diagram showing how the laser unit is con-
trolled.

Best Mode of Carrying out the Invention

[0016] Referring to the drawings, a filter-tipped ciga-
rette making apparatus in one embodiment of this inven-
tion will be described.
[0017] This cigarette making apparatus makes a filter-
tipped cigarette basically by butting a filter plug coaxially
against a rod-like cigarette, which is made by a cigarette
rolling-up machine (not shown) by wrapping cut tobacco
in wrapping paper, and then wrapping tip paper with a
glue (adhesive) applied on one side, around the cigarette
and filter plug to cover the joint where they meet to there-
by firmly join the cigarette and filter plug butted.
[0018] FIG. 1 schematically shows the overall struc-
ture of the cigarette making apparatus, and as shown
there, the cigarette making apparatus comprises, as a
major constituent, a filter-plug attachment mechanism 10
including a drum series 1, namely a transverse series of
transportation drums. The transportation drums in the
filter-plug attachment mechanism 10 each have a plural-
ity of holding grooves formed in the cylindrical surface,
at equal intervals in the circumferential direction of the
drum, parallel to the axis of the drum, for holding a cig-
arette and a filter plug in a state that they are aligned
along the axis of the drum. As the transportation drums
rotate, the cigarette and filter plug are transferred from
drum to drum successively, or in other words, the ciga-
rette and filter plug are transported along the transporta-
tion path given by the drum series 1, in the manner that
they transfer from transportation drum to transportation
drum successively.
[0019] It is to be noted that the cigarette which is made
by the cigarette rolling-up machine (not shown) and sup-
plied to the filter-plug attachment mechanism 10 has
twice the length of a single cigarette included in the end
product, and is called a double-length cigarette. In the
filter-plug attachment mechanism 10, this double-length
cigarette is cut into two single cigarettes by a rotary knife
(not shown), and the two single cigarettes are separated
along the axial direction. Then, a filter plug supplied from
a rod hopper (not shown) is placed between the two sin-
gle cigarettes, and the two single cigarettes are drawn
toward the center and coaxially butted against the filter
plug on both sides. It is to be noted that the filter plug
placed between the single cigarettes has twice the length
of a filter included in the end product, i.e., filter-tipped
cigarette.
[0020] More specifically, the double-length cigarette
made by the cigarette rolling-up machine is supplied to
a separation drum 1a in the drum series 1 shown in FIG.
1. On the separation drum 1a, the double-length cigarette
is cut by a rotary knife, and the resultant two single cig-
arettes, which are in a coaxially butted state, are trans-
ferred to a hopper drum 1b. Then, on the hopper drum
1b, a filter plug is placed between the two single ciga-
rettes in a coaxially butted manner.
[0021] To the hopper drum 1b, there is also supplied
a tip-paper piece prepared by applying a glue (adhesive)
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onto one side of tip paper in a gummer unit 2 (described
later) and cutting it to a specified length by a cutter drum
3. An end of the tip-paper piece is stuck to the cylindrical
surface of the filter plug and two single cigarettes held
on the hopper drum 1b, in a region including the two joints
where each single cigarette meets the filter plug. As the
hopper drum 1b rotates, the filter plug and two single
cigarettes rotate between the hopper drum 1b and a roll-
ing plate 4 provided to face the cylindrical face of the
hopper drum 1b, so that the tip-paper piece is wrapped
around the filter plug and two single cigarettes. Thus, by
the tip-paper piece glued to and wrapped around the filter
plug and single cigarettes in the region including the two
joints, the two single cigarettes are coaxially joined to the
filter plug on both sides to form an integrated whole called
a double filter cigarette.
[0022] The double filter cigarette formed as an inte-
grated whole by wrapping the tip-paper piece is trans-
ported by the transportation drums 1c to 1d following the
hopper drum 1b, successively. During this transportation
process, the double filter cigarette is cut at the center of
the filter plug to form two single filter cigarettes (filter-
tipped cigarettes). The single filter cigarettes formed are
sent to a roll supply section 5, except for defective ones,
which are removed.
[0023] Specifically, one of the two single filter ciga-
rettes formed by cutting a double filter cigarette is sent
to the roll supply section 5 with the direction unchanged,
while the other is turned by 180° by means of a turning
drum le and sent to the roll supply section 5 with the
reversed direction. Consequently, all the single filter cig-
arettes 5 are sent to the roll supply section 5 with the
same direction. The single filter cigarettes are sent from
the roll supply section 5 to a packaging apparatus (not
shown), successively.
[0024] The filter-plug attachment mechanism 10 ar-
ranged like this is presented in detail in the above-men-
tioned Japanese Unexamined Patent Publication No. Hei
4-316474, etc. The arrangement of the drum series 1 and
the specific structure of the transportation drums 1a, 1c
to 1d, hopper drum 1b, etc. can be modified in various
ways, according to the specifications. Regarding the
gummer unit 2, any type can be used, provided that it
has a function of applying a glue (adhesive) onto one
side of the tip paper, cutting it into tip-paper pieces of a
specified length using a cutter drum 3, and supplying the
tip-paper pieces successively to the cigarettes as inter-
mediate products held on the hopper drum 1b.
[0025] FIG. 2 schematically shows the plane structure
of this cigarette making apparatus, and as seen from this
drawing, the tip paper is continuously supplied to the fil-
ter-plug attachment mechanism 10 from a tip paper sup-
ply section 20 arranged behind the roll supply section 20.
The tip paper supply section 20 supplies the tip paper,
which is a long strip of a specified width, to the gummer
unit 2 of the filter-plug attachment mechanism 10 along
a supply path 22 by continuously unwinding the tip paper
wound around a paper drum 21. As shown in FIG. 2, the

supply path 22 is provided such that the tip paper sent
from an exist of the tip paper supply section 20 is turned
to travel toward the front face of the cigarette making
apparatus, then at a front part of the cigarette making
apparatus, turned to travel toward a lower part of the front
face of the filter-plug attachment mechanism 10, and sup-
plied to the gummer unit 2.
[0026] Thus, the tip-paper supply path 22 is provided
such that the tip paper is led from the tip paper supply
section 20 located behind (to the back side of) the filter-
plug attachment mechanism 10 to the gummer unit 2,
utilizing the space left in the existing filter-plug attach-
ment mechanism 10 and changing the direction of
traveling, appropriately. In particular, in the middle of the
tip-paper supply path 22, a laser hole-forming unit 30
(described later) for forming air holes in the tip paper is
provided. The laser hole-forming unit 30 is provided uti-
lizing the space between the filter-plug attachment mech-
anism 10 and the roll supply section 5. Forward of the
laser hole-forming unit 30, there is provided an air-per-
meability measurement unit 40 for measuring the air-flow
resistance (air permeability) of the tip paper with air holes
formed.
[0027] More specifically, the tip paper P is sent from
the tip paper supply section 20, through a first reservoir
23. The tip paper P coming out of the exist of the tip paper
supply section 20 is turned to the front side of the cigarette
making apparatus by means of a turn bar 22a, and led
to the laser hole-forming unit 30. The tip paper P that has
passed through the laser hole-forming unit 30 and there-
fore has air holes formed is led to the air-permeability
measurement unit 40. After the air permeability is meas-
ured, the tip paper is led to a second reservoir 24, and
from the second reservoir 24 continuously supplied to
the gummer unit 2.
[0028] As shown in FIG. 3, forward of the laser hole-
forming unit 30, there is provided a feed roller 25 for feed-
ing the tip paper P at a fixed speed. Backward of the laser
hole-forming unit 30 is provided a movable turn bar mech-
anism 26 for changing the direction of the tip paper P
sent to the front side of the cigarette making apparatus
by 90° to thereby lead the tip paper to the laser hole-
forming unit 30. The movable turn bar mechanism 26
includes a turn bar 26a arranged at an angle 45° to the
direction of traveling of the tip paper P. By shifting in the
direction parallel to the width of the feed roller 25, the
turn bar 26a shifts the position of the tip paper P traveling,
to thereby change the widthwise position of the tip paper
T passing through the laser hole-forming unit 30.
[0029] Between the feed roller 25 and the laser hole-
forming unit 30, there are provided photosensors 27a,
27b for detecting the positions of the side edges of the
tip paper P, respectively. By the photosensors 27a, 27b,
the positions of both side edges of the tip paper P with
the air holes formed by the laser hole-forming unit 30 are
detected as distances x1, x2 from the respective refer-
ence positions predetermined for the photosensors 27a,
27b. On the basis of the distances x1, x2 measured this
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way, an operational controller 28 feedback-controls the
widthwise position of the tip paper P traveling, by driving
a motor 29 and thereby shifting the turn bar 26a of the
movable turn bar mechanism 26 so that the difference
between the distances [x1-x2] will become zero (0), for
example. It is to be noted that if the difference between
the distances [x1-x2] exceeds a control limit value, the
operational controller 28 determines that the widthwise
shift of the tip paper P traveling is abnormally great and
gives a removal instruction.
[0030] By this function of correcting the meandering of
the tip paper P which the movable turn bar mechanism
26 has, the widthwise position of the tip paper P lead
(transported) to the laser hole-forming unit 30 is adjusted
with high accuracy. Under this tip paper P traveling po-
sition control, air holes are formed in the tip paper P at
predetermined positions by means of the laser hole-form-
ing unit 30, successively. As shown in FIG. 3 on an en-
larged scale, the laser hole-forming unit 30 is, for exam-
ple, arranged to project a laser beam onto lines B1, B2,
C1, C2, namely, lines located specified distances inward
from respective lines A1, A2 representing the side edges
of the tip paper P, at intervals, to form air holes in four
lines along the length of the tip paper P, successively.
[0031] It is to be noted that the tip paper P is lead to
the laser hole-forming unit 30 with the back side facing
a laser beam projection source (laser head). The back
side of the tip paper P is the side on which the glue is
applied by the gummer unit 2 and which contacts the
cigarette and filter plug when the tip paper is wrapped
around them in the filter-plug attachment mechanism 10.
In other words, the back side of the tip paper P is the side
which is located inside and not exposed externally when
the tip paper P is wrapped around the cigarette and filter
plug. Thus, the laser hole-forming unit 30 is arranged to
project a laser beam onto the back side of the tip paper
P to form air holes.
[0032] The air-permeability measurement unit 40 for
measuring the air permeability of the tip paper P with the
air holes formed includes, for example, a suction table
(not shown) provided along the tip paper P transportation
path, and is arranged to draw the tip paper P to the sur-
face of the suction table by means of suctions holes
formed in the suction table so that the tip paper P travels
on the suction table at a fixed speed. The air-permeability
measurement unit 40 is designed to determine, from the
pressure required to suck a specified amount of air
through the tip paper P, the amount of air flowing in
through the air holes, and from this, determine the air
permeability (air-flow resistance) of the tip paper P.
[0033] The laser hole-forming unit 30 will be described
more in detail below. A laser unit which forms the major
part of the laser hole-forming unit 30 basically includes
a CO2 laser generation device 31 as shown in FIG. 4, for
example. The laser unit is arranged to output-control the
laser light L generated by the CO2 laser generation de-
vice 31, by means of an acoustooptic modulator(AOM)
32, such that only part of the laser light L is modulated

into pulses (rectangular) and projected, while the excess
laser light, namely the part of the laser light L not allowed
to be projected is absorbed by a dumper 33 formed from
a laser-light absorbing material. Further, the laser unit is
arranged such that the laser light L emitted selectively in
the form of pulses by means of the AOM 32 is expanded
in diameter by a beam expanding lens 34, then con-
densed into a beam by means of a condensing lens 35
and projected onto the tip paper P.
[0034] Reference signs 36a, 36b to 36g in FIG. 4 de-
note total reflecting mirrors determining the light path of
the laser light L. Reference sign 37 denotes a light-divid-
ing mirror for dividing the laser light L emitted from the
AOM 32 into two light paths. Reference signs 38, 38 de-
note shutters inserted in the respective light paths of the
divided laser light L.
[0035] Specifically, the laser unit is arranged to lead
the laser light L emitted from the CO2 laser generation
device 31, which is particularly long and great, to the
AOM 32 located over the CO2 laser generation device
31, by turning the laser light L upward of the CO2 laser
generation device 31 and then backward by means of
the total reflecting mirrors 36a, 36b forming two stages.
Over the CO2 laser generation device 31, the laser light
L output-controlled by the AOM 32 is divided into two
laser beams L, L parallel in a horizontal plane, by means
of the light-dividing mirror 37 and the total reflecting mirror
36e, and the resultant laser beams L, L are projected
downward by means of the total reflecting mirrors 36f,
36g and the condensing lenses 35, 35. Like this, the laser
unit is made compact by arranging an optical system over
the long and great CO2 laser generation device 31, or in
other words, arranging the optical system and the CO2
laser generation device 31 in a two-storied structure.
[0036] The laser hole-forming unit 30 includes two of
the laser units as shown in FIG. 4, arranged parallel, so
as to project four laser beams L in all onto the tip paper
P at widthwise different predetermined positions to there-
by form air holes in four lines as mentioned above. Fur-
ther, as shown in FIG. 2, a cooling unit 39 is attached to
the laser hole-forming unit 30 to cool the CO2 laser gen-
eration device 31, dumper 33, etc. to ensure the stable
operation thereof.
[0037] The output control of the laser light L by means
of the AOM 32 will be described in brief below. As shown
in FIG. 5, the CO2 laser generation device 31 which is a
laser light source is driven by applying rectangular laser-
trigger pulses. By the application of the laser-trigger puls-
es, the CO2 laser generation device 31 emits laser light
L whose power increases with a certain delay, and de-
creases gradually when the laser-trigger pulse ends. If
air holes are formed by projecting the laser light L whose
power varies like this onto the tip paper P, the air holes
formed have an elongated round shape (tear shape) as
indicated by a broken line α in FIG. 5.
[0038] Thus, in the above-described laser unit, the la-
ser light L whose power varies is lead to the acoustooptic
modulator(AOM) 32, by which the laser light is modulated
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into rectangular pulses so that only the part of the laser
light L stable in power is projected onto the tip paper P.
Consequently, the air holes formed in the tip paper P
have an approximately round shape as indicated as a
hatched part β in FIG. 5.
[0039] In particular, in this laser unit, when part of the
laser light L emitted from the CO2 laser generation device
31 is cut out by the AOM 32 and projected onto the tip
paper P, the driving conditions for the AOM 32 are feed-
back-controlled on the basis of the measured air perme-
ability of the tip paper P with the air holes formed by
projecting the laser light L. Specifically, the delay (phase)
Pf relative to the laser-trigger pulse, the AOM 32 drive
period Pw and the output power Pv are controlled to op-
timize the size and shape of the air hole.
[0040] More specifically, the laser unit extracts laser
light with power optimal for forming the air hole by con-
trolling the delay (phase) Pf, adjusts the length of the air
hole by controlling the drive period Pw, and adjusts the
width of the air hole by controlling the output power Pv.
By adjusting the length and width of the air hole, the air
permeability of the air hole and therefore the air perme-
ability of the tip paper P is adjusted. In particular, since
the output power and the projection period are controlled
using the part stable in power of the laser light emitted
from the CO2 laser generation device 31, the air hole
formed has a desired size and shape.
[0041] In the cigarette making apparatus arranged as
described above, prior to supplying the tip paper P to the
gummer unit 2 of the filter-plug attachment mechanism
10, air holes are formed (pre-formed) in the tip paper P
successively, by the laser hole-forming unit 30 provided
in the middle of the tip-paper transportation path 22 along
which the tip paper is continuously supplied from the tip
paper supply section 20 to the filter-plug attachment
mechanism 10. Hence, even if the air-flow resistance of
the cigarette changes due to the properties of cut tobacco
and/or the amount of cut tobacco packed, the tip paper
P with the air holes capable of imparting the intended air-
flow resistance Vf to the end product, i.e., filter-tipped
cigarette can be supplied to the filter-plug attachment
mechanism 10 online, only by adjusting the size, etc. of
the air holes formed in the tip paper P by changing the
target value in the tip-paper P air permeability control,
i.e., the reference value in the monitoring by the air-per-
meability measurement unit 40.
[0042] Further, in the above-described cigarette mak-
ing apparatus, the air holes are formed by projecting laser
light onto the back side of the tip paper P, i.e., the side
which becomes the inner side when the tip paper P is
wrapped around the cigarette. Hence, even if a part
around the air hole is burnt, the burnt part is on the inner
side of the wrapped tip paper P of the filter-tipped ciga-
rette and not visible externally. Thus, the filter-tipped cig-
arette can keep a good appearance. Further, when air
holes are formed in the tip paper P in the manner de-
scribed above, the meandering of the tip paper P is sup-
pressed by the movable turn bar mechanism 26, so that

the air holes can be formed in the tip paper P at prede-
termined positions, stably. Consequently, in the filter-
tipped cigarette completed, the air holes are arranged
neatly in the wrapped tip paper P. Thus, the filter-tipped
cigarette can keep a good appearance.
[0043] The present invention is not limited to the
above-described embodiment. Although the laser hole-
forming unit 30 arranged to form air holes in the tip paper
P in four lines has been presented by way of example,
the present invention can be applied likewise to the case
in which air holes should be formed in one line along
each side edge of the tip paper, namely in two lines in
all. Further, the air permeability may be adjusted by
changing the pitch between the air holes. Further, the
reservoirs 23, 24 may be arranged in the tip paper trans-
portation path 22, backward and forward of the laser hole-
forming unit 30, respectively, so that the tip paper P is
supplied to the laser hole-forming unit 30 at a fixed speed
and that a fixed tension is produced in the tip paper P
between the reservoirs 23, 24. It is also favorable to pro-
vide another reservoir backward of the gummer unit 2 so
that the tip paper P is supplied to the gummer unit 2 at a
fixed speed.
[0044] It is also useful to measure the air permeability
(air-flow resistance) of a filter-tipped cigarette sampled
from those produced continuously, in an offline manner,
and feed the measurement back to the laser hole-forming
unit 30 to correct control parameters of air-hole forming.
The present invention can be modified in other various
ways without departing from the spirit and scope of the
invention.

Claims

1. A cigarette making apparatus, comprising:

a filter-plug attachment mechanism arranged to
butt a filter plug against a cigarette, and then join
the cigarette and the filter plug by wrapping tip
paper around the cigarette and filter plug to cov-
er a joint where the cigarette and the filter plug
meet,
a laser hole-forming device provided in a path
along which the tip paper is supplied to the filter-
plug attachment mechanism, and arranged to
form air holes in the tip paper by projecting laser
light onto the side of the tip paper intended to
contact the cigarette and filter plug, and
an air-permeability measurement device provid-
ed forward of the laser hole-forming device and
arranged to measure the air permeability of the
tip paper with the air holes formed.

2. The cigarette making apparatus according to claim
1, wherein the laser hole-forming device includes an
acoustooptic modulator arranged to modulate only
part of laser light emitted from a laser generation
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device into pulses and emit the pulses.

3. The cigarette making apparatus according to claim
1, wherein the laser hole-forming device is arranged
such that the output power of the laser light and/or
the laser light projection period is feedback-control-
led on the basis of output of the air-permeability
measurement device.

4. The cigarette making apparatus according to claim
1, further comprising:

a traveling position sensor provided forward of
the laser hole-forming device and arranged to
detect the widthwise position of the tip paper
traveling, and
a meandering correction mechanism provided
backward of the laser hole-forming device and
arranged to correct the widthwise position of the
tip paper traveling, on the basis of the result of
detection by the traveling position sensor.

5. The cigarette making apparatus according to claim
4, wherein the meandering correction mechanism
includes a turn bar arranged to be oblique relative
to the width of the tip paper to change the direction
of traveling of the tip paper, and a slide mechanism
arranged to slide the turn bar along the width of the
tip paper on the basis of the result of detection by
the traveling position sensor.
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