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(54) PRINTER OF CIGARETTE MANUFACTURING MACHINE

(57) A printer for a cigarette-manufacturing machine
has a density sensor (70) disposed between a wrapping
section (4) and a cutting section (16) of the machine,
and the density sensor (70) detects the print density of
printed information (PI) of a tobacco rod (TR). The in-
formation (PI) is printed on a paper web W by a printing
unit (20) located upstream from the wrapping section
(4). Disposed between the printing unit (20) and the

wrapping section (4) is an adjusting device (62) for var-
ying the length of a feeding path of the paper web W. A
density signal from the density sensor (70) is used to
control the operation of the printing unit (20) and adjust-
ing device (62). Thus, based on the density signal, the
print density of the printed information (PI) and the ar-
rival timing thereof at the density sensor (70) are each
controlled.



EP 1 500 336 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a printer for
printing the desired information on a paper web used for
the manufacture of tobacco rod, or of cigarette rods, in
a cigarette-manufacturing machine.

Background Art

[0002] A printer for a cigarette-manufacturing ma-
chine is disclosed in, for example, Unexamined Japa-
nese Patent Publication No. 5-327938. The printer de-
scribed in this publication includes a printing unit that is
interposed in a paper web-feeding path. The paper web
is fed along the feeding path to a wrapping section of
the cigarette-manufacturing machine. In this process,
the printing unit intermittently prints the desired informa-
tion onto the surface of the paper web.
[0003] There is ensured a predetermined distance be-
tween two adjacent pieces of the printed information on
the paper web, that is, a length equal to two cigarette
portions of filter cigarettes. Moreover, each piece of the
printed information includes a pair of marks, and these
marks are located separately with a given space there-
between in the longitudinal direction of the paper web.
In addition, each mark includes a number indicative of
the cigarette-manufacturing machine, a symbol denot-
ing the factory equipped with the cigarette-manufactur-
ing machine, and so on.
[0004] In the process of the printed paper web's pass-
ing through the wrapping section, filling material con-
taining shred tobacco is wrapped in the paper web,
thereby forming a tobacco rod. Thereafter, the tobacco
rod is delivered from the wrapping section to a cutting
section of the cigarette-manufacturing machine and cut
into discrete cigarette rods at the cutting section. Each
of the cigarette rods has the aforementioned length and
includes one piece of the printed information. The print-
ed information is located at the center of the cigarette
rod with respect to the longitudinal direction of the rod.
[0005] Subsequently, the cigarette rods produced by
the cigarette-manufacturing machine are fed to a filter-
attaching machine, namely filter attachment. In the filter
attachment, the cigarette rod is first cut at between the
pair of marks to be formed into two cigarette portions,
so that each cigarette portion has one mark.
[0006] Next, a filter plug is disposed in between the
two cigarette portions. The cigarettes and the filter plug
are formed into one double filter cigarette together by
wrapping tip paper therearound. More specifically, the
tip paper is wrapped around the filter plug and the ends
of the cigarette portions which sandwich the filter plug
from both sides, thereby attaching the filter plug to both
the cigarette portions and hiding the mark on each cig-
arette portion at the same time.
[0007] Furthermore, the double filter cigarette is cut

at the center of the filter plug through the tip paper, which
produces separate filter cigarettes.
[0008] Since the mark on the cigarette portion is hid-
den by the tip paper as mentioned, the smoker does not
smoke the filter cigarette down to the mark, thereby pre-
venting the mark from being burnt.
[0009] In order to hide the mark on the cigarette por-
tion by using the tip paper without fail, the printed infor-
mation must be accurately located on the paper web.
However, if a slip occurs in the travel of the paper web
at the wrapping section of the cigarette-manufacturing
machine, the printed information of the cigarette rod is
located out of the center of the cigarette rod.
[0010] If such a cigarette rod is cut in the filter attach-
ment, it is impossible to cut exactly between a pair of
marks of the printed information. This results in produc-
tion of a filter cigarette whose mark shows from under
the tip paper and one having no mark at all, and such
filter cigarettes are considered to be defective.
[0011] When the information is printed on the paper
web, the print density of the printed information, that is,
of a pair of marks, has to be adequate. Either high or
low print density of the marks also produces inferior filter
cigarettes.

Disclosure of the Invention

[0012] An object of the present invention is to provide
a printer capable of detecting displacement and print
density of information printed on a paper web by using
a common detector and properly controlling the dis-
placement and print density of the printed information.
[0013] In order to achieve the above object, the printer
of the present invention comprises a printing section
having a print roller interposed in a paper web-feeding
path and an ink supply source for supplying ink to the
print roller, the printing section for printing given infor-
mation on the paper web by using the print roller to pro-
vide the information to each cigarette rod, a density sen-
sor disposed between a wrapping section and a cutting
section, for detecting density of each piece of the printed
information on the paper web to output a density signal,
a density-controlling device for controlling print density
of the printed information on the basis of the density sig-
nal from the density sensor, a calculating device for cal-
culating time deviation between an arrival time point at
which the printed information provided to a tobacco rod
is supposed to arrive at the density sensor and an actual
detection time point at which the density sensor actually
detects the printed information, and outputting the cal-
culated deviation, and a timing-controlling device for
controlling the timing of arrival of the printed information
at the density sensor to correct the deviation from the
calculating device.
[0014] According to the aforementioned printer, the
density signal from the density sensor is used for con-
trolling the print density of the printed information, and
at the same time used for calculating the time deviation
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between the arrival time point at which the printed infor-
mation is supposed to arrive at the density sensor and
the actual detection time point at which the printed in-
formation is actually detected, or an output time point of
the density signal. Based on the calculated deviation,
correction is made to the arrival timing of the printed in-
formation at the density sensor, that is, the displacement
of the printed information. Consequently, the printer of
the present invention does not require a sensor dedicat-
ed to the calculation of the deviation.
[0015] The arrival time point can be determined from
cut timing of the tobacco rod, distance between a cutting
position of the tobacco rod and the density sensor, and
a delivery speed of the tobacco rod (feeding speed of
the paper web).
[0016] Specifically, the cigarette rod has a to-be-cut
position so as to be cut at the center with respect to a
longitudinal direction thereof. After being fed to the filter
cigarette-manufacturing machine, the cigarette rod is
cut at the to-be-cut position to be formed into two ciga-
rettes. In this case, the printed information includes a
pair of marks located at both sides of the to-be-cut po-
sition of the cigarette rod, respectively.
[0017] The density-controlling device may have ab-
normality-determining means for determining whether
the density signal of each cigarette rod falls in a correct
range, and outputs a removal signal if the density signal
is out of the correct range, and density-adjusting means
for calculating average density of the printed information
on the basis of density signals for a given number of
cigarette rods and adjusting an ink supply amount from
ink supply means on the basis of the average density
calculated.
[0018] With such a density-controlling device, the cig-
arette rods that are defective in print density are re-
moved one by one in response to the removal signals,
thereby preventing defective cigarette rods from getting
mixed in non-defective ones.
[0019] The density-controlling device can output an
operation stop signal for stopping the operation of the
cigarette-manufacturing machine when the average
density is at an abnormal level. The output of the oper-
ation stop signal prevents defective cigarette rods from
being manufactured in large quantity.
[0020] Specifically, the ink supply means includes an
ink spray for spraying ink. In this case, the density-con-
trolling device can vary at least either ink-spray time pe-
riod or ink-spray interval.
[0021] In this case, according to a manufacturing
speed of cigarette rods, a discharge amount of the ink
sprayed from the ink spray is minutely controlled, which
makes it possible to maintain the print density of the
printed information adequate, regardless of an opera-
tion speed of the cigarette-manufacturing machine.
[0022] The timing-controlling device may have abnor-
mality-determining means for determining whether dis-
placement of each cigarette rod falls in a correct range,
and outputting a removal signal if the displacement is

out of the correct range, and path length-adjusting
means for calculating an average displacement of the
printed information on the basis of the displacement of
a given number of cigarette rods and adjusting the
length of the feeding path between the printing section
and the wrapping section on the basis of the average
displacement calculated.
[0023] With such a timing-controlling device, cigarette
rods, in which positions of the printed information are
incorrect, are removed one by one, so that defective cig-
arette rods do not get mixed in non-defective ones.
[0024] The timing-controlling device also outputs an
operation stop signal for the cigarette-manufacturing
machine when the average displacement is at the ab-
normal level. This inhibits the manufacturing of a large
number of defective cigarette rods.
[0025] For instance, the path length-adjusting means
includes a guide roller interposed in the feeding path be-
tween the printing section and the wrapping section and
guiding travel of the paper web, a roller carrier rotatably
supporting the guide roller and displaceable in a direc-
tion intersecting the feeding path, and a drive source for
displacing the roller carrier. Specifically, the roller carrier
is a rotatable arm having the guide roller at a tip end
thereof, and a base end of the rotatable arm is rotatably
supported.
[0026] The path length-adjusting means either ad-
vances or delays the arrival timing of the printed infor-
mation at the density sensor when the guide roller is
moved, thereby correcting the displacement amount.

Brief Description of the Drawings

[0027]

Fig. 1 is a schematic view showing a part of a cig-
arette-manufacturing machine;
Fig. 2 is a side view of a cigarette rod produced by
the cigarette-manufacturing machine of Fig. 1;
Fig. 3 is a view showing a printing unit and the pe-
riphery thereof;
Fig. 4 is a view showing an adjusting device for ad-
justing the length of a paper web-feeding path be-
tween the printing unit and a wrapping section;
Fig. 5 is a plan view of a density sensor;
Fig. 6 shows a controlling device for controlling op-
eration of an ink spray and that of the adjusting de-
vice in response to signals from the density sensor
and from a rotary encoder, respectively;
Fig. 7 is a control block diagram showing control of
print density of printed information in the controlling
device of Fig. 6;
Fig. 8 is a flowchart showing a control routine of the
print density;
Fig. 9 is a control block diagram showing control of
displacement, or arrival timing, of the printed infor-
mation in the controlling device of Fig. 6; and
Fig. 10 is a flowchart showing a control routine of
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the arrival timing.

Best Mode of Carrying out the Invention

[0028] Fig. 1 schematically shows a part of a ciga-
rette-manufacturing machine.
[0029] The cigarette-manufacturing machine is pro-
vided with an endless tobacco band 2, which is disposed
at the far right with respect to Fig. 1. The tobacco band
2 sucks filling material in layers on a lower surface there-
of. The filling material includes shred tobacco. The filling
material sucked onto the tobacco band 2 is fed to a
wrapping section 4 along with the running of the tobacco
band 2. The wrapping section 4 is supplied with a paper
web W, and the filling material delivered from the tobac-
co band 2 is placed on the paper web W.
[0030] The filling material passes through the wrap-
ping section 4 with the paper web W. At this moment,
the filling material is wrapped in the paper web W, there-
by continuously forming a tobacco rod TR.
[0031] More specifically, the wrapping section 4 has
an endless garniture tape 6. A horizontal portion of the
garniture tape 6 extends through the wrapping section
4 to cause the paper web W to run in one direction with
the filling material.
[0032] The wrapping section 4 includes a forming bed
7 for guiding the horizontal portion of the garniture tape
6. Over the forming bed 7, there are disposed a tongue
8, a short holder 10 and a long holder 12 in the order
named from the tobacco band 2 side. The tongue 8 is
provided with a shoe, which serves as a scraper for de-
taching the filling material from the tobacco band 2. Ac-
cordingly, the filling material is fed from the tobacco
band 2 onto the paper web W. Subsequently, the tongue
8 compress-forms the filling material into a cylindrical
shape in cooperation with the forming bed 7 and the gar-
niture tape 6. In so doing, the paper web W is formed
into a U shape. The short holder 10 curves one side
edge portion of the paper web W along the cylindrical
filling material, and the long holder 12 curves the other
side edge of the paper web W along the cylindrical filling
material. The other side edge is then superposed upon
the one side edge portion, whereby the cylindrical filling
material is wrapped in the paper web W.
[0033] Before being curved, the other side edge por-
tion of the paper web W is applied with glue. Therefore,
when both the side edges of the paper web W are over-
lapped each other, both the side edges are adhered,
which forms a seam line of the tobacco rod TR.
[0034] Thereafter, the tobacco rod TR passes through
a plurality of heaters 14 sequentially, the heaters 14 be-
ing located downstream of the long holder 12. The heat-
ers 14 dry the seam line of the tobacco rod TR.
[0035] The tobacco rod TR having been subjected to
dry treatment is delivered from the wrapping section 4
and then passes through a cutting section 16. The cut-
ting section 16 cuts the tobacco rod TR into pieces of a
given length to produce cigarette rods CR. The cigarette

rod CR is twice the length of cigarette portion of a filter
cigarette.
[0036] More specifically, the cutting section 16 in-
cludes a rotary knife (not shown). The rotary knife has
a rotating disk and a plurality of cutter blades fixed onto
an outer circumference of the rotating disk at regular in-
tervals. The rotary knife rotates at a peripheral velocity
corresponding to travel speed of the paper web W and
cuts the tobacco rod TR into discrete cigarette rods CR.
[0037] Furthermore, the cutting section 16 includes a
rotary encoder 17, which detects a rotation angle of the
rotary knife and outputs a detection signal.
[0038] The paper web P is guided from a web roll (not
shown) to the garniture tape 6 of the wrapping section
4 along a given feeding path. The feeding path is pro-
vided with a web reservoir 18, a feed roller 19 and a
printing unit 20 in the order named from the web roll side.
The feed roller 19 pulls the paper web W out from the
web roll at a speed corresponding to travel speed of the
garniture tape 6. In addition, the web roll is provided with
given braking force.
[0039] The printing unit 20 comprises an ink spray 24
and a pair of inlet rollers 22. The inlet rollers 22 rotate
while contacting each other and receive the ink sprayed
from the ink spray 24. A print roller 28 is in rolling contact
with one of the inlet rollers 22 with a pair of transfer roll-
ers 26 therebetween. The paper web W passes through
between the print roller 28 and a press roller 30.
[0040] The ink received by the pair of inlet rollers 22
is supplied to the print roller 28 through the pair of trans-
fer rollers 26, and the print roller 28 intermittently prints
desired information on the paper web W. Specifically,
the information is printed on the paper web W at inter-
vals each corresponding to the length of the cigarette
rod CR. As a result, each cigarette rod CR has one piece
of the printed information. The printed information is lo-
cated at the center of the cigarette rod CR with respect
to a longitudinal direction thereof so that the printed in-
formation is positioned at an opposite side to the seam
line with respect to a diametrical direction of the ciga-
rette rod CR.
[0041] As illustrated in Fig. 2, printed information PI
includes a pair of marks M. Between the marks M, there
is assured a given space in the longitudinal direction of
the paper web W, or of cigarette rod CR. The length be-
tween one of the pair of marks M and a corresponding
end face of the cigarette rod CR is equal to that between
the other mark M and a corresponding end face. Each
mark M includes a number indicating the cigarette-man-
ufacturing machine and a symbol representative of a
number assigned to a factory equipped with the manu-
facturing machine.
[0042] Fig. 3 specifically shows the ink spray 24 and
a supply system for supplying ink and compressed air
to the ink spray 24.
[0043] The ink spray 24 has a nozzle 34 at a tip end
thereof, the nozzle 34 having a spray opening 32. The
spray opening 32 opens toward between the pair of inlet
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rollers 22. The ink spray 24 further includes a valve nee-
dle (not shown), the valve needle being driven by a so-
lenoid to open/close the spray opening 32 of the nozzle
34.
[0044] The ink spray 24 further has two ports 36 and
38 on an outer surface thereof. Extending from the ports
36 and 38 are an ink supply pipe 40 and an air supply
pipe 42, respectively. The ink supply pipe 40 is connect-
ed to an ink tank 46, and the ink tank 46 stores blue ink.
A variable throttle 44 is interposed in the ink supply pipe
40.
[0045] A pressure pipe 48 extends from a top of the
ink tank 46 and is connected to a compression air source
50. A regulator 52 and an open/close valve 54 are inter-
posed in the pressure pipe 48 in the order named from
the compression air source 50 side. When the open/
close valve 54 is opened, the compression air source
50 supplies compression air through the pressure pipe
48 into the ink tank 46, and pressure of the compression
air is adjusted by the regulator 52. Consequently, the ink
stored in the ink tank 46 is under pressure due to the
compression air.
[0046] The air supply pipe 42 is also connected to a
compression air source 56. A regulator 58 and a sole-
noid valve 60 are interposed in the air supply pipe 42 in
the order named from the compression air source 56
side. The solenoid valve 60 is a direction control valve
of three-port-connection and two-position, and is
switched between a supply position for supplying the
compression air to the ink spray 24 and a discharge po-
sition for discharging the compression air from the ink
spray 24. When the solenoid valve 60 is switched to the
supply position, the compression air is supplied from the
compression air source 56 through the air supply pipe
42 to the ink spray 24, and the pressure of the compres-
sion air is adjusted by the regulator 58.
[0047] when the spray opening 32 of the nozzle 34 is
opened on condition that both the pressurized ink and
the compression air are allowed to be supplied to the
ink spray 24, the ink is sprayed from the spray opening
32 with the compression air and then supplied to be-
tween the pair of inlet rollers 22.
[0048] More specifically, the spray opening 32 of the
nozzle 34 is opened/closed by the valve needle as men-
tioned, and the valve needle is driven by the solenoid.
Accordingly, when the solenoid of the valve needle re-
ceives a pulsed supply of drive signals in a pulse mode,
the ink is intermittently sprayed from the spray opening
32. Thus, a splay amount of the ink is determined by an
output time of the drive signals (ink-spray time) and an
output interval of the drive signals (ink-spray interval).
[0049] A basic spray time and a basic spray interval
are each determined according to an ink consumption,
namely a manufacturing speed of the cigarette rods CR.
The manufacturing speed of the cigarette rods CR is cal-
culated from a delivery speed of the tobacco rod TR,
that is, a rotating speed of the rotary knife of the cutting
section 16.

[0050] Referring to Fig. 1 again, an adjusting device
62 is interposed in the feeding path of the paper web W.
The adjusting device 62 is arranged between the print-
ing unit 20 and the wrapping section 4 and varies the
length of the travel path of the paper web W between
the printing unit 20 and the wrapping section 4.
[0051] As illustrated in Fig. 4, the adjusting device 62
includes a guide roller 64, which guides the travel of the
paper web W. The guide roller 64 is rotatably supported
at a tip end of a control arm 66, and the control arm 66
has a base end mounted on an output shaft of a step
motor 68. The step motor 68 causes the control arm 66
to rotate in a forward direction (clockwise) or backward
direction (counterclockwise) with respect to Fig. 4. The
rotation of the control arm 66 displaces the guide roller
64 in a direction intersecting a travelling direction of the
paper web W, and the length of the travel path of the
paper web W is changed by the displacement. Specifi-
cally, when the control arm 66 is rotated in the forward
direction as shown in Fig. 4, the length of the travel path
is increased. On the contrary, when the control arm 66
is rotated in the backward direction, the length of the
travel path is decreased.
[0052] As illustrated in Fig. 1, there is disposed a pho-
tographic density sensor 70 in between the wrapping
section 4 and the cutting section 16, the density sensor
70 being disposed right under the delivery path of the
tobacco rod TR. The density sensor 70 detects the print-
ed information PI of the tobacco rod TR, or of the wrap-
ping paper (paper web W), and outputs a detection sig-
nal. The detection signal from the density sensor 70 in-
dicates print density of the printed information PI, or of
the pair of marks M.
[0053] As illustrated in Fig. 5, the density sensor 70
has a detection window 72 facing the tobacco rod TR
side and radiates a infrared ray toward the tobacco rod
TR through the detection window 72. The infrared ray
reflected on the tobacco rod TR is received by the den-
sity sensor 70 through the detection window 72. The
density sensor 70 outputs a density signal indicative of
a strength level of the received infrared ray, that is, the
print density of the printed information PI.
[0054] The printed information PI is printed in blue ink
as mentioned above, and the infrared ray is in a com-
plementary color relation to the blue color of the printed
information PI. This enables the density sensor 70 to
effectively receive the infrared ray reflected from the
mark M, so that the density signal indicates the print
density of the printed information PI with accuracy.
[0055] As illustrated in Fig. 6, the rotary encoder 17
and the density sensor 70 are electrically connected to
an input side of a controlling device 74 with an input in-
strument 76, such as a keyboard etc. Electrically con-
nected to an output side of the controlling device 74 are
a solenoid driver 78, a motor driver 80 and a display unit
82. The solenoid driver 78 is connected to the ink spray
24, namely the solenoid of the valve needle, and the mo-
tor driver 80 is connected to the step motor 68.
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[0056] The controlling device 74 determines, in ac-
cordance with the density signal from the density sensor
70, whether the print density of the printed information
PI and the arrival timing of the printed information PI at
the density sensor 70 are correct. Based on determina-
tion results, the controlling device 74 adjusts the print
density of the printed information PI and the arrival tim-
ing.
[0057] A controlling function of the controlling device
74 is embodied by control block diagrams and control
routines shown in Figs. 7 through 10. The control block
and the control routines will be described below in detail.
[0058] The control block of Fig. 7 controls the print
density of the marks M.
[0059] First, the density signal from the density sensor
70 is supplied to an amplifier 84. The amplifier 84 am-
plifies the density signal and supplies the amplified den-
sity signal to an integrator 86. The integrator 86 inte-
grates the amplified density signal and supplies the in-
tegrated density signal to a subsequent sampling circuit
88. The sampling circuit 88 is opened/closed in re-
sponse to a synchronization signal SS and supplies the
density signal of a piece of the printed information PI to
a latch circuit 90. The latch circuit 90 carries out A/D
conversion of the density signal from the sampling cir-
cuit 88 and supplies a conversion result to a subsequent
comparator 96 while maintaining the result temporarily.
[0060] The density signal from the sampling circuit 88
is supplied to an adjusting circuit 92. The adjusting cir-
cuit 92 adjusts a threshold value, based on the supplied
density signal, and supplies the adjusted threshold val-
ue to a comparator 94.
[0061] The comparator 94 receives the density signal
from the amplifier 84 in addition to the comparison
threshold value, compares the density signal to the
threshold value, and outputs a comparison result. More
specifically, the comparator 94 outputs a mark signal SM
only when the density signal is equal to or larger than
the threshold value. Therefore, when the tobacco rod
TR is normally printed with the information PI, that is,
the marks M in pairs, the comparator 94 outputs two
mark signals SM for each piece of the printed information
PI.
[0062] At the same time, upper and lower limits are
supplied from a CPU board 98 to the comparator 96.
When being supplied with the density signal from the
latch circuit 90, the comparator 96 compares the sup-
plied density to the upper and lower limits and supplies
a comparison result to the CPU board 98.
[0063] Specifically, when the density signal is equal
to or smaller than a light lower limit or equal to or greater
than a dark upper limit, the comparator 96 outputs an
abnormal value as a density value. On the contrary,
when the density signal is greater than the lower limit
and smaller than the upper limit, the comparator 96 di-
rectly outputs the density signal. In addition, the CPU
board 98 displays the density corresponding to the re-
ceived density signal on the display unit 82.

[0064] The CPU board 98 is a microcomputer includ-
ing a CPU, a memory, peripheral devices and an input/
output interface. The CPU board 98 determines whether
the density signal from the comparator 96, or the print
density of the printed information PI, falls in a correct
range. Based on a determination result, the CPU board
98 corrects the drive signal to be supplied to the solenoid
of the ink spray 24 by way of the solenoid driver 78, if
necessary. As a result, the print density of the printed
information PI, namely of the marks M, is adjusted.
[0065] Fig. 8 shows a control routine performed in the
CPU board 98 to adjust the print density of the printed
information PI.
[0066] Firstly in the control routine, the density signal
of the printed information PI, which is sent from the com-
parator 96, is read (Step S1), and then it is determined
whether the read density signal is an abnormal value
(Step S2). If the determination result is affirmative
(YES), the CPU board 98 outputs a removal signal (Step
S3). On the contrary, if the determination result of Step
S2 is negative (NO), the process skips Step S3 and ad-
vances to the subsequent Step S4.
[0067] Once the removal signal is outputted, the cig-
arette rod CR having the printed information PI, the print
density of which is abnormal, is removed in a process
of being transferred from the cigarette-manufacturing
machine to the filter attachment or in the inside of the
filter attachment.
[0068] Step S4 determines whether the read of the
density signal is done a given number of times "X". If the
determination result is negative, Steps S1 through S4
are repeated.
[0069] If the determination result of Step S4 is affirm-
ative, an average value A of X density signals is calcu-
lated (Step S5), and it is determined whether the aver-
age density A is at an abnormal level (Step S6).
[0070] The affirmative determination result of Step S6
means that there are a lot of abnormal values in the read
density signals, and that removal signals are frequently
outputted. Under such circumstances, it is determined
that there is an error in the setting of the basic spray
time and/or the basic spray interval in the ink spray 24.
The CPU board 98 then outputs an operation stop signal
to stop the operation of the cigarette-manufacturing ma-
chine (Step S7).
[0071] In a case that the determination result of Step
S6 is negative, it is determined whether the average
density A is on the light side (Step S8) and whether the
average density A is on the dark side (Step S9) in order.
Specifically, in Steps S8 and S9, the average density A
is compared with a target density range, and if the av-
erage density A is smaller than the target density range,
the determination result of Step S8 is affirmative. On the
contrary, if the average density A is larger than the target
density range, the determination result of Step S9 is af-
firmative.
[0072] If the determination result of Step S8 is affirm-
ative, that is, if the print density of the printed information
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PI is lighter than the target density range, a darkening
degree ∆D as a control amount for increasing the print
density of the printed information PI is calculated (Step
S10). The darkening degree ∆D is obtained on the basis
of deviation between the average density A and the tar-
get density range (namely, a lower limit of the target den-
sity range).
[0073] In a case that the determination result of Step
S8 is negative and that of Step S9 is affirmative, that is,
if the print density of the printed information PI is darker
than the target density range, a lightening degree ∆L as
a control amount for decreasing the print density of the
printed information PI is calculated (Step S11). The light-
ening degree ∆L is obtained on the basis of deviation
between the average density A and the target density
range (namely, an upper limit of the target density
range).
[0074] After the darkening degree ∆D or lightening de-
gree amount ∆L is calculated as described, the drive sig-
nal for the solenoid is changed according to the darken-
ing degree ∆D or lightening degree ∆L (Step S12).
[0075] Specifically, Step S12 changes an output time
and/or an output interval of the drive signal. Accordingly,
the ink-spray time and/or the ink-spray interval are cor-
rected, and the discharge amount of the ink sprayed
from the ink spray 24 is increased or decreased. As a
consequence, the print density of the printed information
PI on the paper web W in the printing unit 20 is increased
or decreased, thereby falling in the target density range.
[0076] Since the basic ink-spray time and the basic
ink-spray interval are set according to the delivery speed
of the tobacco rod TR as mentioned, the control routine
can adjust the print density of the printed information PI
to be optimum without being affected by the delivery
speed of the tobacco rod TR (manufacturing speed of
the cigarette-manufacturing machine).
[0077] The control routine shown in Fig. 8 may include
a sub routine for a manual adjustment. In this case, the
operator can adjust the discharge amount of the ink from
the ink spray 24 according to the displayed result of the
density on the display unit 82.
[0078] Fig. 9 shows a control block for detecting and
adjusting the arrival timing of the printed information PI.
[0079] As illustrated in Fig. 9, the rotary encoder 17
is electrically connected to a signal-generating circuit
100. The signal-generating circuit 100 is capable of re-
ceiving a angular rotation signal of the rotary knife,
which is sent from the rotary encoder 17. In response to
the angular rotation signal received, the signal-generat-
ing circuit 100 outputs an arrival signal Sp each time the
printed information PI of the tobacco rod TR arrives at
the detection window 72 of the density sensor 70. In oth-
er words, the arrival signal Sp is outputted at the mo-
ment when the leading one between a pair of marks M
included in the printed information PI arrives at the de-
tection window 72.
[0080] Therefore, the signal-generating circuit 100
previously obtains the rotation angle of the rotary knife

which reflects output timing of the arrival signal Sp,
based on the delivery speed of the tobacco rod TR, the
rotation angle of the rotary knife which is indicative of
cut timing of the tobacco rod TR, and distance between
the cutting position of the tobacco rod TR and the de-
tection window 72 of the density sensor 70.
[0081] The arrival signal SP is supplied to a detection
period-generating circuit 102 together with the angular
rotation signal from the rotary encoder 17. The detection
period-generating circuit 102 outputs the synchroniza-
tion signal SS at the moment of receiving the arrival sig-
nal SP, and the output thereof is continued until the print-
ed information PI finishes passing through the detection
window 72 of the density sensor 70.
[0082] In other words, the detection period-generat-
ing circuit 102 beforehand obtains the rotary angle of
the rotary knife which corresponds to the output com-
pletion timing of the synchronization signal SS, based
on the length of the printed information PI with respect
to the delivering direction of the tobacco rod TR, that is,
length between the front edge of the front mark M and
the rear edge of the rear mark (corresponding to the de-
tection period) and the delivery speed of the tobacco rod
TR. Accordingly, the output completion timing of the syn-
chronization signal SS is determined by the angular ro-
tation signal from the rotary encoder 17.
[0083] The synchronization signal SS is supplied to
the sampling circuit 88 (Fig. 7) and at the same time sup-
plied to a determination circuit 104 of the mark signal
SM and a counter 106.
[0084] The determination circuit 104 is supplied with
the synchronization signal SS and the mark signal SM
and counts the number of the mark signals SM in the
detection period of the printed information PI. When the
counting result of the mark signals SM does not agree
with 2, the determination circuit 104 determines that
there occurs an error in the printing of the printed infor-
mation PI (namely a pair of marks K). In this case, the
determination circuit 104 supplies an abnormality signal
to the CPU board 98. In response to receipt of such an
abnormality signal, the CPU board 98 outputs the re-
moval signal.
[0085] The mark signal SM and the arrival signal SP
are each supplied to a first detection circuit 108 and an
advance/delay detection circuit 110. The first detection
circuit 108 is also supplied with the angular rotation sig-
nal from the rotary encoder 17.
[0086] The first detection circuit 108 detects time dif-
ference between a receiving time of the mark signal SM
and that of the arrival signal SP, based on the angular
rotation signal of the rotary encoder 17. The time differ-
ence indicates a deviation ∆D of the arrival timing of the
printed information PI per cigarette rod CR. The devia-
tion ∆D is supplied from the first detection circuit 108 to
a determination circuit 112, and the determination circuit
112 determines whether the deviation ∆D falls in a nor-
mal range.
[0087] Specifically, the determination circuit 112 is
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supplied with upper and lower abnormal threshold val-
ues from the CPU board 98, and the abnormal threshold
values define the normal range of the deviation ∆D. The
determination circuit 112 compares the abnormal
threshold values with the deviation ∆D of the arrival tim-
ing which is supplied from the first determination circuit
108. When the deviation ∆D is out of the normal range,
the determination circuit 112 causes the CPU board 98
to output the removal signal.
[0088] The advance/delay detection circuit 110 de-
tects whether the receiving time of the mark signal SM
is earlier or later than the receiving time of the arrival
signal SP, and supplies the detection result to a second
detection circuit 114. The second detection circuit 114
is also supplied with the deviation ∆D of the arrival timing
from the first detection circuit 108.
[0089] The counter 106 counts the number of the cig-
arette rods CR that have passed through the density
sensor 70 up to the number of N, based on the synchro-
nization signal SS and the angular rotation signal from
the rotary encoder 17. When the number of the cigarette
rods CR having passed through the density sensor 70
reaches N, the counter 106 supplies a reset signal to
the second detection circuit 114 and repeats the count-
ing of the cigarette rods CR.
[0090] The second detection circuit 114 integrates the
deviation ∆D supplied from the first detection circuit 108,
and continues the integration till receiving the reset sig-
nal from the counter 106. In response to receipt of the
reset signal, the second detection circuit 114 divides the
integration value by N to calculate an average deviation
∆AD of the arrival timing of the printed information PI.
The calculation result is supplied to a determination cir-
cuit 116 with the determination result from the advance/
delay detection circuit 110, namely advance or delay in-
formation of the mark signal SM. The determination cir-
cuit 116 then determines whether the average deviation
∆AD falls in an allowable range.
[0091] Specifically, the determination circuit 116 is
supplied from the CPU board 98 with upper and lower
allowable threshold values with respect to the average
deviation ∆AD. These allowable threshold values define
the allowable range of the average deviation ∆AD.
[0092] The determination circuit 116 determines the
average deviation ∆AD on the basis of the allowable
threshold values, and supplies the determination result
to the CPU board 98. The determination result includes
a normal level indicating that the arrival timing of the
printed information PI is in a target zone in the allowable
range, an advance level indicating that the arrival timing
is more advanced than the target zone, a delay level
indicating that the arrival timing is more delayed than
the target zone, and further an abnormal level indicating
that the arrival timing is way out of the allowable range.
[0093] Based on the determination results from the
determination circuit 116, the CPU board 98 supplies the
drive signal to the step motor 68 of the adjusting device
62 through the motor driver 80 and controls the arrival

timing of the printed information PI.
[0094] Fig. 10 shows a control routine of the arrival
timing, which is performed in the determination circuits
112 and 116 and the CPU board 98.
[0095] Firstly in the routine, the deviation ∆D of the
arrival timing is read (Step S13), and it is determined
whether the deviation ∆D is abnormal (Step S14). If the
determination result is affirmative, the CPU board 98
outputs the removal signal for removing the cigarette rod
CR in which the position of the printed information PI is
abnormal (Step S15). On the contrary, if the determina-
tion result is negative, the process skips Step S15 and
advances to the subsequent Step S16.
[0096] Step S16 reads the determination result from
the determination circuit 116 and determines whether
the determination result is at the abnormal level or the
advance level or the delay level, in sequence (Steps
S17, S18 and S19).
[0097] If the determination result is at the advance lev-
el, that is, if the determination result of the Step S18 is
affirmative, the CPU board 98 outputs a forward drive
signal by a given pulse number to the step motor 68
through the motor driver 80 (Step S20). In this case, the
step motor 68 causes the control arm 66 (guide roller
64) of the adjusting device 62 to rotate at a given rotation
angle in the forward direction. This lengthens the feed-
ing path or travel path of the paper web W between the
printing unit 20 and the wrapping section 4. As a result,
the arrival timing of the printed information PI at the cig-
arette rod CR is changed to the regular position.
[0098] During the forward rotation of the control arm
66, the paper web W is drawn out extra by sliding with
respect to the print roller 28, the press roller 30 and the
guide roller at the downstream side from the control arm
66. The extra draw of the web is absorbed by accumu-
lation of the paper web W in the reservoir 18.
[0099] If the determination result is at the delay level
(if the determination result of Step S19 is affirmative),
the CPU board 98 outputs a backward drive signal by a
given pulse number to the step motor 68 through the
motor driver 80 (Step S21). In this case, the step motor
68 causes the control arm 66 to rotate at a given rotation
angle in the backward direction. This shortens the travel
path of the paper web W. In this case, the arrival timing
of the printed information PI is similarly changed to the
regular position.
[0100] In a case that the determination result is at the
abnormal level (in a case that the determination result
of Step S17 is affirmative), the CPU board 98 stops the
operation of the cigarette-manufacturing machine (Step
S22).
[0101] According to the control routine of the arrival
timing, since the density sensor 70 is utilized also for
the detection of the arrival timing of the printed informa-
tion PI, no dedicated sensor is required for detecting the
deviation of the arrival timing.
[0102] Every time the cigarette rod CR in which the
arrival timing of the printed information PI is abnormal
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is detected, the CPU board 98 outputs the removal sig-
nal, so that defective cigarette rods CR are removed
without fail. As a consequence, the defective cigarette
rods CR are never mixed in the non-defective cigarette
rods CR.
[0103] If the average deviation ∆AD of the arrival tim-
ing is out of the target zone, the CPU board 98 causes
the step motor 68 of the adjusting device 62 to rotate in
the forward or backward direction to vary the length of
the travel path of the paper web W between the printing
unit 20 and the wrapping section 4. As a result, the ar-
rival timing of the printed information PI is corrected aim-
ing at the target zone.
[0104] In addition, when the correction control for the
arrival timing of the printed information PI is performed,
the pulse number of the drive signal supplied from the
CPU board 98 through the motor driver 80 to the step
motor 68 may be changed according to the degree of
the average deviation ∆AD in Step S18 or S19.
[0105] The present invention is not limited to the
aforementioned embodiment, and various modifications
of the invention may be made.
[0106] For instance, with regard to the adjusting de-
vice 62, a slider with the guide roller 64 may be utilized
in place of the control arm 66. The slider linearly moves
in a direction intersecting the feeding path of the paper
web W.

Claims

1. A printer for a cigarette-manufacturing machine,
said cigarette-manufacturing machine including a
wrapping section for receiving a paper web fed
along a feeding path at a given speed with filling
material, wrapping the filling material in the paper
web to form a tobacco rod, and continuously deliv-
ering the formed tobacco rod, and a cutting section
for cutting the tobacco rod delivered from the wrap-
ping section at a given cut timing and forming ciga-
rette rods of a given length,

said printer comprising:

a printing section having a print roller inter-
posed in said feeding path and an ink supply
source for supplying ink to said print roller, said
printing section for printing given information on
the paper web by using said print roller to pro-
vide the information to each of said cigarette
rods;
a density sensor disposed between the wrap-
ping section and the cutting section , for detect-
ing density of each piece of the printed informa-
tion on the paper web to output a density signal;
a density-controlling device for controlling print
density of the printed information, based on the
density signal from said density sensor;
a calculating device for calculating time devia-

tion between an arrival time point at which the
printed information provided to the tobacco rod
is supposed to arrive at said density sensor and
an actual detection time point at which the print-
ed information is actually detected by said den-
sity sensor and outputting a calculated devia-
tion; and
a timing-controlling device for controlling arrival
timing of the printed information at said density
sensor in order to correct the deviation from
said calculating device.

2. The printer according to claim 1, wherein:

the cigarette rod has a to-be-cut position so as
to be cut at the center with respect to a longitu-
dinal direction thereof, and is cut at the to-be-
cut position after being fed to a filter cigarette-
manufacturing machine to be formed into two
cigarettes, and
the printed information includes a pair of marks
located at the both side of the to-be cut position
of the cigarette rod, respectively.

3. The printer according to claim 2, wherein:

said density-controlling device includes:

abnormality-determining means for deter-
mining whether the density signal of each
cigarette rod falls in a correct range, and
outputting a removal signal when the den-
sity signal is out of the correct range; and
density-adjusting means for calculating av-
erage density of the printed information on
the basis of the density signal of a given
number of cigarette rods and adjusting an
ink supply amount from ink supply means
on the basis of the average density calcu-
lated.

4. The printer according to claim 3, wherein:

said density-controlling device outputs an op-
eration stop signal for the cigarette-manufac-
turing machine when the average density is at
an abnormal level.

5. The printer according to claim 3, wherein:

said ink supply means includes an ink spray for
spraying ink, and
said density-controlling device varies at least
either one of an ink-spray time and an ink-spray
interval.

6. The printer according to claim 2, wherein:
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said timing-controlling device includes:

abnormality-determining means for deter-
mining whether the deviation of each ciga-
rette rod falls in a correct range, and out-
putting a removal signal when the deviation
is out of the correct range, and
path length-adjusting means for calculat-
ing an average deviation of the printed in-
formation on the basis of the deviation of a
given number of cigarette rods and adjust-
ing length of said feeding path between the
printing section and the wrapping section
according to the average deviation calcu-
lated.

7. The printer according to claim 6, wherein:

said timing-controlling device outputs an oper-
ation stop signal for the cigarette-manufactur-
ing machine when the average deviation is at
an abnormal level.

8. The printer according to claim 6, wherein:

said path length-adjusting device includes:

a guide roller interposed in said feeding
path between the printing section and the
wrapping section, for guiding travel of the
paper web;
a roller carrier for rotatably supporting the
guide roller, the roller carrier being dis-
placeable in a direction intersecting said
feeding path; and
a drive source for causing the roller carrier
to displace.

9. The printer according to claim 8, wherein:

the roller carrier is a rotatable arm having the
guide roller at a tip end thereof, and a base end
of the rotatable arm is rotatably supported.
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