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Description

The present invention relates to a system for
controlling the content of tobacco on a cigarette
manufacturing machine, according to the preamble
of claim 1.

The reduction of total operating costs is a
matter of the utmost importance to cigarette manu-
facturers, as this is a major factor in improving their
profitability. Therefore, extensive studies have been
carried out with a view to reducing operating costs
as much as possible.

One way of reducing operating costs is to
enhance the productivity of the cigarette manufac-
turing machines. From this viewpoint, technical de-
velopments have almost reached the point where a
single cigarette manufacturing machine can now
produce as many as 8,000 cigarettes per minute.

Another way of reducing operating costs is to
reduce the weight of the tobacco content of the
individual cigarettes. When recent increases in the
price of leaf tobacco are taken into consideration,
the above approach can yield vast profits through a
slight reduction of the tobacco content of each
cigarette. However, unduly large reductions of the
fobacco content make it difficult to maintain the
required quality. Thus, the approach most widely
adapted by cigarette manufacturers has been fo
reduce irregularities in the weight of the tobacco
content of individual cigarettes, thereby decreasing
the total amount of tobacco used in cigarette pro-
duction.

More specifically, in the manufacture of ciga-
rettes as currently carried out, the weight of the
fobacco content of the cigarettes and a standard
deviation corresponding o irregularities in the mea-
sured weight are measured. The standard deviation
is added to the minimum allowable weight, to ob-
fain the weight which indicates the minimum ac-
ceptable quality, i.e., the target value. The ciga-
rettes are then manufactured on the basis of this
target value. Therefore, by reducing irregularities in
the tobacco content of the individual cigarettes, the
target value in production, i.e., the fotal weight of
fobacco used in cigarette production is necessarily
reduced.

In order to reduce irregularities in the tobacco
content, it is important to maintain the cigarette
manufacturing machines in good operating con-
dition, so as to preclude unintended movement of
worn-out mechanical parts. However, the most ef-
fective measure, in this regard, is to add a tobacco
content control device of high quality to the ciga-
rette manufacturing machine. Accordingly, various
conventional devices have been proposed in this
connection.

For example, Japanese Patent Publication No.
40-14560 (U.S.P. No. 3,288,147) discloses a meth-
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od of controlling the tobacco content on the basis
of air permeability, utilizing the correlation between
the weight of the tobacco content and their air
permeability. However, this method is adversely
affected by variations in the suction pressure, par-
ticle size, and composition of the tobacco. These
variations tend to disturb the pre-established cor-
relation between the weight and air permeability of
the tobacco content. Therefore this method has
failed to reduce irregularities in the tobacco content
o any significant degree.

Both the DE-A- 2 545 416 and the US-A
2,937,280 and US-A- 2,861,683 disclose methods
of controlling the tobacco a content on the basis of
electrostatic capacitance, utilizing the correlation
between the tobacco content and their electrostatic
capacitance. These methods are, however, sus-
ceptible to the influences of the moisture content of
the tobacco and temperature, which bias the cor-
relation between the tobacco content and their
electrostatic capacitance. Accordingly, these meth-
ods do not contribute to the reduction of irregularit-
ies in the tobacco content to any substantial de-
gree, and have almost no practical application.

Still another method of reducing irregularities in
the weight of the tobacco content utilizes the cor-
relation between the transmission factor of radiation
rays, especially 8 rays emitted from strontium 90,
and the density of the tobacco. The tobacco con-
tent is controlled on the basis of the transmission
factor of these rays. This method is, however,
subject to such problems as safety in handling the
radiation rays, drifting and the inferior response of
an amplifier in a subsequent stage, due to the
weakness of the output current of an ionization box
which serves as a radiation ray detector. However,
since there is a reliable correlation between the
tfransmission factor of radiation rays and the fo-
bacco content, this method is employed in most
current cigarette manufacturing machines.

There are many causes for irregularities in the
fobacco content of cigarettes, such as eccentricity
of a cut tobacco feed drum, slippage of cut to-
bacco during its suction into a perforated cigarette
belt, cluttering of a trimmer, nonuniform wear of a
wall for stacking cut tobacco, and slippage during
production of cigarettes. For this reason, according
to frequency analysis of variations in signals cor-
responding to densities of stick-like cigarettes, var-
ious frequencies, from a low frequency of 0.001 Hz
(long variation cycle) to a high frequency of 10 Hz
or 100 Hz (short variation cycle), are continuously
included, and thus a so-called "white noise" state
results therefrom.

In order to reduce irregularities in the tobacco
content of cigarettes, a fast response control de-
vice may be used to eliminate variations in density
signals representing speeds lower than the re-
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sponse speed.

In the 1950s, a tobacco content control device
utilizing a radiometric density detector was pro-
posed for the above purpose. Extiensive studies
have been carried out since then, to improve the
response speed of the device.

A device for controlling the tobacco content of
cigarettes by utilizing radiation rays is described in
US-A- 2,954,775. This device employs a method of
controlling the feed speed of a cut tobacco feeder
on the basis of a signal from the radiometric den-
sity detector. According to this method, however,
the speed of a feeder having a large inertia must
be controlled. Consequently, the response rate
cannot be increased to a specific or higher value.
As a result, the only weight variations eliminated
using this device, are those corresponding to a low
frequency of about 0.01 Hz or less.

In order to increase the response speed, Japa-
nese Patent Publication No. 38-15949 (US-A-
3,089,497) proposes a method of controlling a
transferred tobacco layer on the basis of a signal
from a radiometric density detector. According to
this method, a drive motor is rotated in the
forward/reverse direction to move the frimmer, in
order to control the amount of tobacco. The trim-
mer presents a relatively small inertia when it is
moved. In addition, the time interval (i.e., the delay
time) from weight change detection by the radiation
ray detector to the driving of the trimmer is rela-
tively short. For these reasons, a response speed
higher than is attainable by use of other methods
can be obtained, in this case, with variations in
frequencies of 0.1 Hz or less being almost entirely
eliminated. Consequently, this method is employed
in most current cigarette manufacturing machines.

Japanese Patent Publication No. 51-95198
(US-A-4,036,238) proposes a method of utilizing an
electrohydraulic servo mechanism for moving the
tfrimmer up and down, instead of the motor for
driving the frimmer which is disclosed in the
above-described method. According to the im-
proved method, weight variation corresponding to a
low frequency of about 0.5 Hz or less can be
eliminated.

EP-A- 160,799 proposes a method of minimiz-
ing the delay time by arranging another radiometric
density detector immediately behind the trimmer
wherein from the EP-A- 160 799 also the use of
feed forward and feed back control circuits are
known for processing the signals supplied from the
two radiometric density detectors. This said meth-
od permits the elimination of variations in frequen-
cies of 1 Hz or less.

However, development of these high-speed de-
vices has, instead of satisfying demand, merely
created further, strong demand for the develop-
ment of a tobacco content control device of even
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higher speed and higher performance.

It is an object of the present invention to pro-
vide a high-performance tobacco content control
device for a cigarette manufacturing machine,
which can control a fobacco content with high
accuracy and in which variations in frequencies of
10 Hz or less are almost eliminated.

The aforementioned object of the present in-
vention is solved by the characterizing features of
claim 1.

With the system according to the present in-
vention, the feature of the feed back control per-
formed by the second radiometric density detector,
the feature of the feed forward control performed
by the first radiometric density detector and the
means for generating a third signal in response to
detection the movement of the trimmer are ad-
vantageously combined together. As a result of this
combination, the present invention provides a con-
frol system capable of quickly responding to a
detection signal. It should be also noted that the
delay circuit is provided for the feed forward con-
trol circuit. Therefore, the transfer time, which cor-
responds to the time interval between the density
detection performed by the first radiometric density
detector and the frimming, can be compensated for
in consideration of both mechanical and electrical
delays of the control system. As a resuli, the
tobacco content can be controlled with accuracy.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

Fig. 1 is a front view of a cigarette manufactur-
ing machine comprising a tobacco content con-
trol device according to an embodiment of the
present invention;

Fig. 2 is a sectional view of a first radiometric
density detector shown in Fig. 1;

Fig. 3 is a sectional view showing a second
radiometric density detector shown in Fig. 1;
Fig. 4 is a circuit diagram of the tobacco content
control device of the present invention;

Fig. 5 is a circuit diagram showing an example
of the construction of the delay circuit shown in
Fig. 4; and

Fig. 6 is a perspective view of a hydraulic servo
valve serving as a component of the tobacco
content control device.

A preferred embodiment of the present inven-
tion will be described with reference to the accom-
panying drawings.

Fig. 1 is a cigarette manufacturing machine
comprising tobacco content control devices accord-
ing to an embodiment of the present invention. In
the cigarette manufacturing machine shown in Fig.
1, cut tobacco is sucked upward through chimney
100 and adhered by suction to the lower side of
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perforated cigarette conveyor 103 which is located
beneath suction chamber 102. The adhered to-
bacco layer is transferred to the left in the drawing
toward trimmer 104. The density of the tobacco
layer is measured by first radiometric density de-
tector 106 located in the upstream side of trimmer
104. The thickness of the cut tobacco layer is
adjusted to a proper thickness by trimmer 104. The
cut tobacco layer having the proper thickness is
transferred onto and rolled in cigarette paper which
is fed from paper roll 108 and stacked on cloth
tape 110. The cigarette paper is glued by glue
applicator 112 and the glued portions are dried by
heater 114 to form a stick-like cigarette. The thus
formed stick-like cigarette is transferred to the left
and passed through second radiometric density
detector 116 to check its density and to cut the
cigarettes into the required length with cutter 118.
The cigarettes from cutter 118 are transferred to a
tray by a conveyor (not shown).

Fig. 2 shows the construction of first
radiometric density detector 106. Detector 106
mainly comprises radiation source 106a which em-
its radiant rays, and ionization box 106b which
receives the radiant ray from radiation source 106a.
Radiation source 106a and ionization box 106b are
spaced apart from each other by a predetermined
distance. Aperture windows 106c and 106d are
located between ionization box 106b and radiation
source 106a and serve as a radiation path. Ap-
erture windows 106c and 106d oppose each other
and are spaced apart from each other by a pre-
determined distance. Metal films 106e and 106f,
preferably consisting of fitanium foils, are adhered
to aperture windows 106¢ and 106d, respectively.
A channel for passing trimmed tobacco T on perfo-
rated conveyor 103 is provided between thin metal
films 106e and 106f. Shutter 106g is provided
between radiation source 106a and aperture win-
dow 106¢ to prevent leakage of radiation.

The operation of first radiometric density de-
tector 106 will be described below.

When shutter 106g is open, the radiant rays
emitted from radiation source 106a is transmitted
through thin metal film 106e of aperture window
106¢c and is incident on frimmed tobacco T. The
radiation rays are transmitted through trimmed to-
bacco T in accordance with the density of tobacco
T and are incident on ionization box 106b through
metal film 106f of aperture window 106d. The outer
periphery of ionization box 106b is maintained at a
high potential by high voltage power supply 106h,
so that an ionization current corresponding to the
measured density of trimmed tobacco T is gen-
erated, and this current is supplied to amplifier
106i.

A trimmer (not shown) is controlled and driven
by this signal current. A detection output from first
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radiometric density detector 106 represents a den-
sity signal representing the density of the tobacco
layer prior to formation of cigarettes.

Fig. 3 shows the construction of second
radiometric density detector 116.

Detector 116 is similar to that which is used on
known cigarette manufacturing machines as de-
scribed above and mainly comprises radiation
source source 116a and ionization box 116b which
oppose each other and are spaced apart from each
other by a predetermined distance. Stick-like ciga-
rette S is located between radiation source 116a
and ionization box 116b. Shutter 116¢ for shielding
radiation rays are provided between radiation
source 116a and stick-like cigarette S. In addition
fo radiation source 116a and ionization box 116b
which are used to detect the density of stick-like
cigarette S, detector 116 also includes reference
object 116e, radiation source 116d, and ionization
box 116f, which are used to provide a target value
of the cigarette density. Radiation source 116d and
ionization box 116f oppose each other through ref-
erence object 116e. lonization box 116f detects the
density of reference object 116e and is electrically
connected through lead wires to ionization box
116b for detecting the cigarette density.

The operation of the second radiometric den-
sity detector will be described below.

Radiation rays emitted from detector 116 are
incident on stick-like cigarette S and is transmitted
therethrough according to the cigarette density.
The transmitted rays are incident on ionization box
116b. A negative voltage is applied by high voltage
power supply to the outer periphery of ionization
box 116b. When the radiation rays are incident on
ionization box 116b, an ionization current is gen-
erated according to an intensity of the incident ray.

The radiation rays from reference radiation
source 116d are transmitted through reference ob-
ject 116e and incident on ionization box 116f. A
positive voltage is applied from the high voltage
power supply to the outer periphery of ionization
box 116f. Upon reception of a radiant ray, ioniza-
tion box 116f generates an ionization current cor-
responding to the target value. The ionization cur-
rent generated upon application of the negative
voltage to ionization box 116b and the ionization
current generated upon application of the positive
voltage to ionization box 116f are electrically coup-
led by the lead wires connected to the rear por-
tions of ionization boxes 116b and 116f. A compos-
ite current is then supplied to amplifier 116g lo-
cated in the upper portion of the detector. If stick-
like cigarette S has the reference density, an out-
put signal from amplifier 116g is set to zero. How-
ever, if the density of stick-like cigarette S is higher
than the reference density, an output signal from
amplifier 116g has a negative level; and if the
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density of stick-like cigarette S is lower than the
reference density, an output signal from amplifier
116g has a positive level. Therefore, the output
signal from amplifier 116g corresponds to a de-
viation in density of stick-like cigarette S from the
reference density.

Fig. 4 shows a control circuit of the tobacco
content control device of this embodiment. The
same reference numerals as in Figs. 1 to 3 denote
the same parts in Fig. 4.

As described above, cut tobacco T is sucked
upward through chimney 100 and adhered in a
stratiform on the lower side of perforated cigarette
conveyor 103 which is located beneath suction
chamber 102. Tobacco T is transferred in the al-
lowed direction, and the density of the tobacco
layer is detected by first radiometric density detec-
tor 106. The radiation rays emitted from radiation
source 106a provided in first radiometric density
detector 106 are transmitted through tobacco T and
incident on ionization box 106b. Since a high volt-
age is applied to ionization box 106b, a small
ionization current is generated thereby. The small
current signal is amplified by amplifier 106i and the
amplified signal is added to the reference signal
from standard signal generator 200. The sum sig-
nal is supplied to amplifier 202. An output signal as
an amplified signal from amplifier 202 is a voltage
signal having a polarity and a magnitude, both of
which correspond to the deviation of the density of
the tobacco layer from the reference density.

The cut tobacco, the density of which is de-
tected by first radiometric density detector 106, is
transferred to the left and excessive tobacco is
shaved off by frimming disc 104a. Thereafter the
fobacco is rolled in cigarette paper and glue is
applied to the paper to form the stick-like cigarette.
The density of the stick-like cigarette is measured
by second radiometric density detector 116. As
described above, in second radiometric density
detector 116, radiation rays emitted from radiation
source 116a are transmitted through stick-like ciga-
rette S and incident on ionization box 116b. Radi-
ation rays emitted from radiation source 116d are
transmitted through reference object 116e and are
incident on ionization box 106f. The voltages hav-
ing opposite polarities are applied to the outer
peripheries of ionization boxes 106b and 106f, and
the rear portions of these ionization boxes are
electrically connected to each other. An amplified
output signal from amplifier 116g serves as a voli-
age signal having a polarity and a magnitude, both
of which represent a deviation of the measured
density of stick-like cigarette S from the density of
the reference object. An oufput signal from am-
plifier 116g is amplified by amplifier 204 and is
integrated by integrator 222. The integrated output
signal from integrator 222 represents a sum of
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signals corresponding to a deviation of the mea-
sured density of the stick-like cigarette from the
reference density, i.e., the average deviation of the
tobacco density. The operation terminal in the latter
stage is driven such that the sum becomes zero,
thereby always maintaining the density of the ciga-
rette constant. The output signal from integrator
222 is amplified by amplifier 224 and is supplied
as a second detection signal to adder 226.

The output signal from amplifier 202 is sup-
plied to a high pass filter constituted by capacitor
251, resistor 252, and voltage follower 253. The
filter is provided for allowing a high frequency
component of the output signal to pass thereth-
rough and preventing a low frequency component
of the output signal, which is also contained in the
output signal from amplifier 204, from passing
therethrough. Thus, the instantaneous change of
the output signal is delivered from the high pass
filter. The time constant of this filter is preferably
about one minute. Switch 205 is provided to inhibit
the filter function during calibration.

The deviation detection signal free from the DC
component is amplified by amplifiers 254 and 255,
and the amplified signal is supplied to adder 226
as a first detection signal in the same manner as in
the second detection signal.

A sum output from adder 226 is amplified by
amplifier 228, and the amplified signal is further
amplified by amplifier 230. The output from am-
plifier 230 is supplied to electrohydraulic servo
valve 232. Electrohydraulic servo valve 232 selec-
tively supplies the pressurized oil from gear pump
234 to the upper and lower chambers of cylinder
236 according to the applied voltage, thereby dis-
placing piston 238 upward or downward within cyl-
inder 236. The upward or downward movement of
piston 238 is fransmitted to frimming disc 104a of
tfrimmer 104 through link 240, shaft 242, link 244,
and connecting rod 246, to move trimming disc
104a upward or downward. The position of trim-
ming disc 104a is detected by differential frans-
former 248 having a primary coil, which is applied
with a reference alternative voltage signal of sev-
eral kHz from oscillator 250 and has its center core
connected to piston 238 through shaft 242 and link
240. Therefore, in response to the upward and
downward movement of piston 238, a correspond-
ing signal appears in the secondary coil of differen-
tial transformer 248 by a mutual induction coupling,
and this signal is amplified by amplifier 257. Half-
wave portions of the output from amplifier 257 are
dropped off to ground by switch 259 which is
operate by the output signal of amplifier 250, and
the remaining half-wave portions are flattened by
low pass filter 256. An output from amplifier 258 is
applied to adder 226 as a third input signal.
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With the above arrangement, when the sum of
the first and second input signals of adder 226 is
positive, that is to say, when the tobacco contents
are deficient, a voltage appears at the output termi-
nal of adder 226. As a result, the output from
amplifier 230 is increased in a positive direction, so
that electrohydraulic servo valve 232 slowly
changes the flow of oil to push up piston 238,
lowering trimming disk 104a through link 240, shaft
242, link 244, and connecting rod 246 to increase
the tobacco content. Trimming disc 104a is lower-
ed until the third signal becomes equal to the sum
of the signal (i.e., the first signal) from the first
radiometric density detector and the signal (i.e., the
second signal) from the second radiometric density
detector. When the fobacco contents are exces-
sive, the polarities in the foregoing operation are
inverted.

The second signal generated by the above
arrangement, i.e., the signal generated by second
radiometric density detector 116 is obtained by
integrating a signal corresponding to the density
deviation by integrator 222. The first signal, i.e., the
signal generated by first radiometric density detec-
tor 106 is a signal corresponding to the density
deviation. Accordingly, when there is a difference
between the first and second signals, the first sig-
nal may be dominant during a short time period,
but the second signal is gradually increased by
integration to a value which overwhelms the first
signal. Therefore, the tobacco content can be de-
termined and controlled according to the first signal
with respect to variations of a short period and
according to the second signal with respect fo
variations of a long period.

In this embodiment, first radiometric density
detector 106 is arranged in the upstream side of
tfrimmer 104 due to the following reason. In the
practical control device, delay (delay time) Td oc-
curs from the detection by the first radiometric
density detector to driving of the trimmer on the
basis of the detection signal. It is therefore difficult
to accurately control the tobacco content of the
cigarettes due to the delay time Td. In particular, in
order to eliminate variations in higher frequencies,
the delay time Td cannot be neglected. In the
cigarette  manufacturing machine, the first
radiometric density detector is located in the up-
stream side of the trimmer, so that the first detec-
tion signal can be feedforwarded and the tobacco
contents of cigarettes can be controlled. However,
in the feed forward control system mentioned with
reference to Figs. 1 and 4, the tobacco content is
transferred along conveyor 103 from first
radiometric density detector 106 to frimming de-
vice 104. Therefore, fransfer time Tt is required
between the tobacco content density detection per-
formed by first radiometric density detector 106
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and the trimming performed by triming device 104.
That is, transfer time Tt is the time required from
the tobacco content to be transferred from detector
106 to frimming device 104. In the case where a
trimming device operates at a high speed, as in the
case of this embodiment, fransfer time Tt is long in
comparison with delay time Td. Transfer time Tt
and delay time Td can be controlled by adjusting
the response speed of amplifier 254 of the feed
forward control system. In this case, however, am-
plifier 254 cannot be set at the maximum response
speed, so that the frequency response characteris-
tics are not satisfactory. In the control device of the
present invention, delay circuit 400 delays the de-
tection signal output from first radiometric density
detector 106 by difference time AT such that dif-
ference time AT corresponds to the difference be-
tween transfer time Tt (i.e., a mechanical delay)
and delay time Td (i.e., an electrical delay). In this
manner, the transfer time required for the tobacco
content to be transferred from first radiometric den-
sity detector 106 to trimming device 104 is com-
pensated for. As a result of this compensation, only
high frequency components, which are picked up
from the detection signal supplied from the first
radiometric density detector by use of the high
pass filter and correspond to an instantaneous vari-
ation in the density of the tobacco content, are
delayed by difference time AT, so that the re-
sponse speed of the feed forward control system is
prevented from lowering.

Fig. 5 shows an example of the construction of
delay circuit 400 shown in Fig. 4.

As is shown in Fig. 5, delay circuit 400 op-
erates on the basis of reference power source
voltage Vref and can delay a signal by maximum
transfer time Tt (Td = 0). In delay circuit 400, the
high frequency signal picked up by the high pass
filter is input through input terminal 401 and its
amplitude is adjusted by amplifier 402. The
amplitude-adjusted signal is supplied to analog de-
laying element 403, which is a charge transfer
element such as a BBD, and is then output from
output terminal 404 after predetermined difference
time AT. Analog delaying element 403 is con-
nected to clock 405, and this clock 405 is con-
nected to variable resistor circuit 406 for adjusting
the signal transmitting frequency of clock 405.
Therefore, the signal transmitting frequency of
clock 405 is adjusted by varying the resistor of
variable resistor circuit 406, and the transfer speed
controlled by analog delaying element 403 is ad-
justed by the clock signal supplied from clock 405.
As a result, difference time AT is adjusted.

In delay circuit 400 shown in Fig. 5, the analog
signal is delayed and output as it is. However, the
present invention is not limited to this. For exam-
ple, the analog signal may be converted into a
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digital signal by means of an A/D converter before
it is delayed, and the delayed digital signal may be
converted again into an analog signal by means of
a D/A converter.

Fig. 6 shows a drive unit for driving frimming
disc 104a for controlling the thickness of the to-
bacco layer. Referring to Fig. S, piston 238 is
vertically slidable in cylinder 236 which is mounted
on outer casing 306. Piston 238 is pushed down
when pressurized oil is introduced into cylinder
chamber 236a through pipe 300, so that the oil in
cylinder chamber 236b is drained into the tank
through pipe 302 and return pipe 304. Similarly,
when pressurized oil is introduced into cylinder
chamber 236b to push piston 238 up, the oil in
opposite cylinder chamber 236a is drained into the
tank through pipe 300 and return pipe 304.

The hydraulic system is kept at a predeter-
mined oil pressure. When an oil pressure exceed-
ing the preset pressure is applied from the gear
pump, the oil pressure acts on relief valve 314
through pipe 312, connected midway along pipe
310 between gear pump 234 and electrohydraulic
servo valve 232, and is drained through return pipe
316 and filter 308. The pressure in the hydraulic
system is controlled by pressure adjusting screw
318.

The upward and downward movement of piston
238 moves connecting rod 320 which is pivotally
connected to piston 238. The other end of connect-
ing rod 320 is pivotally connected to link 240, so
that upward and downward movement of piston
238 causes link 240 to vertically rock along with
shaft 242. Shaft 242 is axially supported by outer
casing 306. The rocking movement is transmitted
by shaft 242 through link 244 which is fixed to the
end of shaft 242 to vertically move connecting rod
246 which is pivotally supported at the other end of
the arm. Trimming disc 104a is vertically moved by
the upward and downward movement of connecting
rod 246.

Link 330 is axially supported at the other end
of shaft 242 and is rockable upon rotation of shaft
242. Link 332 is attached to link 330 and is moved
vertically upward or downward by the rocking
movement of link 330.

The center core of differential transformer 248
is fixed to link 332 so that the core can be verti-
cally moved the same manner as in link 332.

For example, differential transformer 248 is
adapted to produce a positive voltage when the
core is moved upward and a negative voltage when
the core is moved downward, in proportion to the
distance of movement. In other words, differential
transformer 248 generates a positive voltage when
connecting rod 246 is moved upward and a nega-
tive voltage when connecting rod 246 is moved
downward.
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Motor 336 is connected to gear pump 234
through universal joint 338.

As described above, unlike the density detector
utilizing air-permeability properties or an eleciro-
static capacitance change, the second radiometric
density detector according to the present invention
can generate an accurate detection signal and per-
forms very stable measurement. A deviation of the
measured value from the target value is integrated,
and the integrated value is fed back to accurately
control the average density of the produced ciga-
rettes.

Delay (delay time) occurs until the trimmer is
started in response to the detection signal after the
signal is measured by the radiographic density
detector. This delay time degrades control perfor-
mance because the control system undesirably os-
cillates when the response time is shortened to 1/5
or less of the idle time as the reference for the
response of the control system as a whole is
increased.

A device disclosed by U.S. Serial No. 705,877
(Japanese Patent Disclosure (Kokai) No. 60-234574
and EPC Laid Open Publication No. 160,799)
serves o improve response characteristics so as to
minimize the delay time.

Feedforward control in the present invention is
open loop control. The deviation from the target
value cannot be integrated. However, the response
time of the control system can be shortened o a
time required for feeding the cut tobacco between
the radiometric density detector as the detection
terminal and the trimmer as the operation terminal.

An arrangement of feedforward control is de-
scribed in Japanese Patent Publication No. 40-
14560, wherein pressure variations in the air cham-
ber are converted by a bellows into variations in
position, and the variations are feedforwarded by a
hydraulic unit. However, precision of the signal is
poor, and a satisfactory effect cannot be obtained.

According to the present invention, the advan-
tages of feedback control of the radiometric density
detector, the electrohydraulic servo mechanism op-
erated as an operation terminal with a short re-
sponse time, and feed-forward control are com-
bined to obtain an ideal control system operated at
high speed in response to the detection signal.

Further, in the feed forward control system, the
transfer time, i.e., the time required for the density-
detected tobacco content to be transferred to the
frimming device is compensated for in consider-
ation of both the mechanical and electrical time
delays. As a result, the control system of the
present invention operates at a high speed and
with high accuracy.

As a result of the above-mentioned control, the
response speed of the control device is ten times
as high as the control speed of the prior art control
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device. In addition, the irregularities of the tobacco
content of cigarettes can be reduced from 2.5%
(prior art) to 1.8%.

In the control device shown in Fig. 4, no delay
circuit is incorporated in the feed forward control
system. In this case, the irregularities of the to-
bacco content of cigarettes is reduced to 2.0%. In
view of this value, it can be understood that the
present invention can remarkably reduce the ir-
regularities of the tobacco content.

Normally, the weight of cigarettes is repre-
sented by the following formula:

Weight = (Defective Limit) - 3.0 x Variation

Therefore, the tobacco contents can be re-
duced by about 1.7% in the present invention.

As described above, a very high-speed control
system can be arranged according to the present
invention, and the irregularities of the tobacco con-
tent of cigarettes can also be minimized.

Claims

1. A system for controlling content of tobacco in
a cigarette manufacturing machine, compris-
ing:

- conveying means (103) for conveying
shredded tobacco, said conveying
means including a hole-provided ciga-
rette conveyor band for holding the
shredded tobacco thereon;

- trimming means (104) for frimming the
shredded tobacco on the conveyor band,
thereby regulating the amount of the
shredded tobacco;

- wrapping means (108, 110, 112, 114) for
wrapping the shredded tobacco trimmed
by said trimming means (104), thereby
producing long cigarette rods; and

- a density detector (106) for detecting a
density of the shredded tobacco before
the shredded tobacco enters the frim-
ming means (104);
characterized by further comprising:

- a second density detector (116), located
downstream of the wrapping means (108,
110, 112, 114), for detecting the density
of the cigarettes; wherein both the first
(106) and second (116) density detector
are radiometric density detectors;

- a feed forward control circuit (200, 202,
205, 251, 252, 253, 254, 255) including a
high pass filter (251, 252, 253) for pick-
ing up only high-frequency components
from a first signal supplied from the first
radiometric density detector (106); and a
delay circuit (400) for delaying the high-

10

15

20

25

30

35

40

45

50

55

frequency components by a predeter-
mined time, said feed forward control
circuit (200, 202, 205, 251, 252, 253,
254, 255) generating a feed forward con-
trol signal corresponding to an instanta-
neous variation in the first signal;

- a feed back control circuit (204, 222,
224) including an integrator (222) for in-
tegrating a second signal supplied from
the second radiometric density detector
(116), said feed back control circuit (204,
222, 224) generating a feed back control
signal corresponding to an average vari-
ation in the second signal; and

- control means (232, 234, 236, 238, 240)
including adding means (226) for adding
the feed forward control signal and the
feed back control signal together, an out-
put of the adder being used for control-
ling the trimming means (104);
wherein said conveying means (103) in-
cludes means for generating a third sig-
nal in response to detection of the move-
ment of said trimmer, and said adding
means (226) adds the third signal to both
the feedback control signal and the feed
forward control signal.

2. A system according to claim 1, characterized
in that said conveying means (103) includes an
electro-hydraulic servo valve (232) for moving
said trimming means (104).

Patentanspriiche

1. System zur Steuerung der Tabakfiillmenge in
einer Zigarettenherstellungsmaschine, wobei
das System folgendes aufweist:

- eine Fordereinrichtung (103) zum For-
dern von geschnittenem Tabak, wobei
die Fordereinrichtung ein mit Lochern
versehenes Zigarettenférderband zum
Halten des geschnittenen Tabaks darauf
aufweist;

- eine Trimmeinrichtung (104), um den ge-
schnittenen Tabak auf dem Fd&rderband
zu trimmen und dadurch die Menge des
geschnittenen Tabaks zu regulieren;

- eine Umwickeleinrichtung (108, 110, 112,
114) zum Umwickeln des von der Trimm-
einrichtung (104) getrimmten geschnitte-
nen Tabaks, um dadurch lange Zigaret-
tenstangen zu erzeugen; und

- einen Dichtedetektor (106), um eine
Dichte des geschnittenen Tabaks zu er-
fassen, bevor der geschnittene Tabak in
die Trimmeinrichtung (104) eintritt; da-
durch gekennzeichnet, daB das System
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ferner aufweist:

- einen zweiten Dichtedetektor (116), der
an der Abstromseite der Umwickelein-
richtung (108, 110, 112, 114) angeordnet
ist, um die Dichte der Zigaretten zu de-
tektieren; wobei sowohl der erste (106)
als auch der zweite (116) Dichtedetektor
radiometrische Dichtedetektoren sind;

- einen  Mitkopplungs-Steuerkreis (200,
202, 205, 251, 252, 253, 254, 255) mit
einem Hochpaffilter (251, 252, 253), um
nur Hochfrequenzkomponenten aus ei-
nem ersten Signal aufzunehmen, das von
dem ersten radiometrischen Dichtedetek-
tor (106) geliefert wird; und einen Verzd-
gerungskreis (400), um die Hochfre-
quenzkomponenten um eine vorbestimm-
te Dauer zu verzbgern, wobei der
Mitkopplungs-Steuerkreis (200, 202, 205,
251, 252, 253, 254, 255) ein
Mitkopplungs-Steuersignal erzeugt, das
einer momentanen Anderung im ersten
Signal entspricht;

- einen Rickkopplungs-Steuerkreis (204,
222, 224) mit einem Integrierer (222), um
ein zweites Signal zu integrieren, das von
dem zweiten radiometrischen Dichtede-
tektor (116) geliefert wird, wobei der
Rickkopplungs-Steuerkreis (204, 222,
224) ein Rickkopplungs-Steuersignal er-
zeugt, das einer durchschnittlichen Ande-
rung im zweiten Signal entspricht; und

- eine Steuereinrichtung (232, 234, 236,
238, 240) mit einem Addierer (226), um
das Mitkopplungs-Steuersignal und das
Rickkopplungs-Steuersignal miteinander
zu addieren, wobei ein Ausgangssignal
des Addierers zur Steuerung der Trimm-
einrichtung (104) genutzt wird;
wobei die Fd&rdereinrichtung (103) eine
Einrichtung aufweist, um ein drittes Si-
gnal aufgrund der Erfassung der Bewe-
gung der Trimmeinrichtung zu erzeugen,
und der Addierer (226) das dritte Signal
sowohl dem Rickkopplungs-Steuersignal
als auch dem Mitkopplungs-Steuersignal
hinzuaddiert.

2. System nach Anspruch 1, dadurch gekenn-
zeichnet, daB die F&rdereinrichtung (1039 ein
elektrohydraulisches Servoventil (232) aufweist,
um die Trimmeinrichtung (104) zu bewegen.

Revendications
1. Systtme pour mafriser la charge de tabac

dans une machine de fabrication de cigarettes,
comprenant :
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des moyens de ftransport (103) pour
transporter du tabac déchiqueté, lesdits
moyens de transport comportant une
bande fransporteuse pour cigarettes mu-
nie de trous pour y maintenir le tabac
déchiqueté;

des moyens de calibrage (104) pour cali-
brer le tabac déchiqueté sur la bande
transporteuse, de fagon a régler la quan-
tité de tabac;

des moyens d'enveloppement (108, 110,
112, 114) pour envelopper le tabac dé-
chiqueté calibré par lesdits moyens de
calibrage (104), de fagon & produire des
tiges de cigarettes longues; et

un détecteur de densité (106) pour dé-
tecter la densité du tabac déchiqueté
avant que celui-ci enfre dans les moyens
de calibrage (104);

caractérisé en ce qu'il comprend en ou-
tre :

un second détecteur de densité (116)
placé en aval des moyens d'enveloppe-
ment (108, 110, 112, 114), pour détecter
la densité des cigarettes; les premier
(106) et second (116) détecteurs de den-
sité étant des détecteurs de densité ra-
diométriques;

un circuit de commande 2 action directe
(200, 202, 205, 251, 252, 253, 254, 255)
comportant un filtre passe-haut (251,
252, 253) pour prélever seulement les
composantes & haute fréquence & partir
d'un premier signal fourni par le premier
détecteur de densité radiométrique (106);
et un circuit de retard (400) pour retarder
les composantes & haute fréquence
d'une durée prédéterminée, ledit circuit
de commande 3 action directe (200, 202,
205, 251, 252, 253, 254, 255) produisant
un signal de commande & action directe
correspondant & une variation instanta-
née du premier signal;

un circuit de commande & réaction (204,
222, 224) comportant un intégrateur
(222) pour intégrer un second signal
fourni par le second détecteur de densité
radiométirique (116), ledit circuit de com-
mande 3 réaction (204, 222, 224) produi-
sant un signal de commande & réaction
correspondant & une variation moyenne
du second signal; et

des moyens de commande (232, 234,
236, 238, 240) comportant des moyens
additionneurs (226) pour additionner en-
semble le signal de commande & action
directe et le signal de commande 2 réac-
tion, une sortie de I'additionneur étant
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utilisée pour commander les moyens de
calibrage (104);

lesdits moyens de transport (103) com-
portant des moyens pour produire un
troisiéme signal en réponse 3 la détec-
tion du mouvement dudit calibre, et les-
dits moyens additionneurs (226) addition-
nant le troisitme signal au signal de
commande & réaction et au signal de
commande 2 action directe.

Systéme selon la revendication 1, caractérisé
en ce que lesdits moyens de transport (103)
comporient une vanne électro-hydraulique as-
servie (232) pour déplacer lesdits moyens de
calibrage (104).
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