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Apparatus and method for controlling the operation of a cigarette maker.

@ The moisture content of the cigarette rod of a cigarette
maker is controlled by sensing the rod moisture content and
utilizing the sensed moisture content to adjust the moisture
content of the input tobacco to the maker.
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N APPARATUS AND METHOD FOR CONTROLLING THE OPERATION
OF A CIGARETTE HAKER

This invention.pertains to cig&rette manufacture
and, in particular, to control of cigarette manufacture at
the cigarette maker.

' In cigarette manufacture, it is customary to
ﬁrovide conditioning of the tobacco in the primary processing
of same. VAs pért of this conditioning, the tobacco is
subjected to procedures wherein tobacco moisture content is
ﬁeasured, and measured moisture content used to control
drying or moistening apparatus to achieve a predetermined
moisture content. Procedures of this type are disclosed in
U.S. patents 3,840,025; 3,482,162; and 3,502,085,

’ After primary processing, the tobacco is usually
stored for a period of time, which may be up to three da}s;
in stérage areas before being further.processed iﬂto actual
cigarettes at a cigarette.maker. In conventional practice,
these storage areas Are subjected to a controlled climate in
order to maintain the tpbacco moisture content at the
predetermined level established during the primary processing.
This storage procedure is costly and the tobacco may still
undergo moisture cganges during subsequent transport of the

tobacco to the cigarette maker. These moisture changes

“adversely affect méker"operation, particularly in cases

where the maker is provided with controls for establishing
preselected values for various cigarette rod parameters such
as, for example, rod density and/or rod firmness. This is
mentioned in British Specification 1,376,747 which discloses
a microwave system for controlling tobacco rod density. In

this system, since the microwave energy is affected by
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moisture as well as tobacco content, the system is constructed

to permit obtaining values of each of these parameters from
microwave sigﬁals which depend on both.
It is an object of the present invention to provide

more effective moisture cohtrol in the manufacture of cigar-

e -

ettes.
It is a further object of the present invention to
provide a method and apparatus for improved cigarette maker

operation. - .

SUMMARY OF THE INVENTION

In accordance with the principles of the present

invention, the above and other objectives are realized in a

practice for cigarette manufacture wherein a éigarette maker
is provided with means for determining the mdisture content
of the rod of the makei'and wherein means responsive to the
determined moisture content is provided for controlling
moisture content of the input tobacco to the maker..

In the illustrative form of the invention dis-
closed hereinafter, determined rod moisture content is
utilized to control the moisturé'content éf the input
tobacco as it is being cohveyed to the maker. Control is
effected by.ﬁeterginipg the difference between the output
rod moisture conté;tkgnd a desired ta;éet moisture content
and using this differ;ﬁce'to control the addition or sub-
traction of moisture to the input tobacco until output rod
moisture content is at target moiéture.

The invention further contempiates utilization of
a number of techniques for determining rod'ﬁoisture content.
These techniques require a ﬁumber of sensors for generating
sensor~si§nals related £0'output rod parameters such as

- -2-
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moisture, firmness, density and speed.

Also contemplaped is utilization of the moisture
control system with a firmness control system to provide a
rod of a preselected or target firmness at a preselected or
target moisture.

Brief Description of the Drawings

The ébove and other features and aspects of the
present invention will become more apparent upon reading the
following detailed descrlptlon in conjunctlon with the
accompanying drawmngs, in which'

PIG.-l'shows a system for controlling cigaretté
rod moisture content at a cigarette maker in‘accordance witﬁ
the principles of the present invention. -

Detailed Description

FIG. 1 shows a system in accordance with the
principles of.the present .invention for providing moisture
contrél at a cigarette maker 1. The latter maker can be of
conventional type such as that manufactured by Molins Ltd.
of the United Kingdom under model number MKB or MK 9,

In typical operation, the maker 1 provides from

the input tobacco stream 2 a continuous cigarette rod which

is cut into lengths to provide individual cigarettes. In

accordance with practlce under the present 1nventlon,
~.

cigarette maker operation is controlled such that the cigarette

rod has a moisture content which is substantially equal to a
desired or target moisture value M. In this manner, individ-
ual cigarettes resulting from the rod have a substantially
equal precisely determined moisture content, thereby providing
enhanced uniformity in cigarette production and improved

guality control.
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A moisture sensor 3 at the cigarette maker 1
monitors the cigarette rod and generates an output electrical

signal Mg indicative of rod moisture content. The moisture

sensor signal M, is fed to.a signal processor 4 which develops

an output control signal C for controlling the moisture
content of the rod. In éccordance with the invention, such
control is effected by éhanging or varying the moisture
content of the inputrtobacco 2 until the output rod moisture
content is at the target moisture value. This may be accomp-
lished by utilizing the signal C to appropriately control
conventional moistening means é%d/or dryer means éituated
adjacent'the conveyance path of the input tobacco.

~ In the illustrative case ofVFiG. 1,;a moistening
unit 5, which might cbmprise, for example, a steam source
followed by a controllable vélve, and a dryer 6 are responsive
to the signai C and add aﬁd subtract moisture,rrespectively,
to and from tﬁe-input tobacco 2. With this form of controi,
the control signal c brings the moistening unit 5 into '
operation during periodé when the.output rod moisture content.
is below target moisture and brings the dryer 6 into operation
during periods when the output rod moisture content is above
target moisture.

In modified practices in accsrdanqe with the
inventién, operationris carried out utiiizing the moistening .
unit 5 or the dryer 6 only.. In the former modified practice,
the tobacco 2 is processed during primary processing and
storage such that its moisture content is always below thé
target value Mtupén'entry to the moistening unit, thefgby
always réquiripg the addition of moisture thereto to obtain
a moisture content of M, for the outputrrod. In the latter

-4 -
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moéified practice, on the other hand, the tobacco 2 is
processed during primary_processing such that its moisture
content is ;lways above the target value Mt upon entry to
the dryer 6 thereby always requiring the subtraction of

moisture to obtain a moisture content of M, for the output

t
rod.

The processing operations of the signal processor
4 involve the generating of a rod moisture content signal M

c
from the moisture sensor signal M and the formation of the

control signal € from Eompa;i;on zf the generated signal Mc _
with the target moisture Mt' Generation of the signal M,
by the brocessor 4 depends to a largg degree on the particular
moisture sensor being used and such éeneration is cérried
out by:processipg the signal Ms to provide a signal which is
repre§entative of the actual oi true rod moisture.content.
Where the ch&racteristics"of the moisture sensor are such
that the sensor signal Ms is itself representative of true
rod moisture content, then this processing is carried out by
equating Mc to MS. On the other hané, where the sensor
characteristics result in an Ms signal varying from true rod
moisture content, adjusting factors are provided to account
for the influence of the sensor characteristics. In actual
practice, these adjusting factors can be empirically determined
for eacp particula; moisture sensor. |

As will be discussed hereinbelow, in further
practice in accordance with the present invention, further
sensors 7 and 8 for measuring the mass or density and the

firmness of the cigarette rod are employed for enabling

moisture sensor signal adjustment. In still further practice

under the présent invention, a speed or velocity sensor 9

-5 -
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may be provided for cigarette rod speed determination and
included for sensor signal adjustment.

A first sensor which might be employed for the

sensor 3 is a resistance type moisture sensor. Such a

sensor might be formed on the above-mentioned conventional
maker by inserting probes through™apertures spaced along the
length of the so-called tongue of the maker whereat the rod
is being formed, the probes beipg of sufficient 1eng§h to
enter into the tobacco rod. A current or voltage could then
be supplied to the probe and the resultant voltage or current
through the probe circuit measu;éd td détermine the tobacco

T

rod resistance, and, therefore, the rod moisture content.

In pafticular,,such probes could serve as inputs to the

internal éircuitry of a model No. TM-80 sensor manufactured
by Testron to provide.the moisturg measurement;

Utilizing such a resistance moisture sensor provides
a moisture sensor signal Ms requiring adjustment for arriving
at the actual rod moisture content M_. In particular it has
been found that the sensor moisture signal Mg reguires
édjustment related to fod firmness and rod speed. Thus, for
this sensor, moisture content can be exéressed'as follows:

M_ =24 +AMS+A2FS‘+AS' .(1).

c 0 1 3

Where A are constants which can be empirically determined

0™ "3 ,
for each ‘particular tobacco blend and resistance sensor.
With the resistance type seﬁéor, the signal processor 4
utilizes the sensor signal Ms, the firmness’sen;or signal Fs
and the speed sensor signal S to derive the moisture content
signal Mcrbased on the expression (1).

Other techniques for monitiéring rod moisture

content utilize microwave components. One microwave technique

- - "'6"'
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depends upon the measurement of the power absorbed largely
by the moisture in the cigarette rod as it moves through a
suitable microwave cavity. With this type of moisture
sensor, the moistﬁre sensor signal Ms is a function of

reflected and transmitted microwave power values in the

absence and presence of the cigarette rod, these values

being suitably adjusted for temperature variations in the

cavity and/or'the rod. Hence, M is as follows:
s
M =(R +T)- (R +T . 100 2
s 2 a P p{ (2)

. +
(R T)
where R% and Ta are temperature adjusted values of the
reflectance and transmittance of microwave power in.the
absence of the the cigarette rod and R.p and Tb are temperature

adjusted values of the reflectance and transmittance in the

presence of the cigarette rod. 1In this case, the obtained

sensor signal MS requireé adjustment related to the mass of

the cigarette rod. Hencé, the moisture content is given a#:
Mc.= B0 * Bl Ms/Ds (3)

In this situation the constants BO and B, can also be

empirically determined for the particular tobaccco blend

and microwave sensor béing used.

As above-noted, the signal processor 4 determines
the control signal- C based upon the sensor signal Ms adjusted
by certain of the other sensor signal Fs' Ds and S as provided
in equations 1, 2 and 3. The processor 4 might typically
take the form of a'genéral or special purpose digital computer
programmed in accbrdance with such equations and having |
stored therein the target values and appropriate constants.

A typical microcomputer might be an Intel System 80/204

- -7 -
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provided with an Intel System SBC 116 board, Interfacing
such microcomputer with the analog signals Ms, Fs' Ds' S and

C might typically be a model MP 8418~-PGA-AO Burr-Brown A/D-~

The firmness sensor 3 utilized with the present
invention cgn be of a strain gaug;“tibe and may, for example,
be of a type as shown and described in United States Patent
No. 4,033,360, Additionally, the density sensor 7 might be
a beta gauge type manufactured by Molins Ltd.-and supplied
with its model number MK8 or MKBzcigarette m;ker.' The speed
sensor 9, on the other hand, might be a tachometer of conveﬂ-
tional design yielding a value-of volﬁage t0 represent
revolutions per minute. o .

. The practice of the present'inventién,cah be
utilized with other controls at the maker to enhance orr
promote maker efficiency.: Thus, for example, the signal
proceésor may be utilized to also generate a firmness control
signal C'designéa to control the maker such that the output
at the target

t
moisture M, . Since the moisture control of the system

maintains the output rod moisture content substantially at

target moisture Mt' the firmness variations requiring correction

2 system for-contrqlling firmness in this manner
is disclosed in commonly assigned U.S. patent application
Serial No. 311501 . In the system of the latter patent
application, the control signal C' is ékpreSsed as follows:

C= (F - F_) - F, @)
where Fgy is firmness content in the tobacco attributable to

moisture referenced to target moisture and is given as

-8 -
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Fsm B K1 (Mc - Mt)

The latter expression, in turn, is derivable from rod firmness
attributable to moisture which can be expressed as:

" fo ¥ KM ' (5)
where KO is a constant determined by‘the tobacco blend and
?he rod weight éer unit volume and Kl is a negative constant
determined by the tobacco blend only. -

in a system of this type firmness control can be
achieved byrutilizing thé control signal C' to adjust the
heigh£ of the ecreteur.blade ﬁsed to cut the tobacco stream
at a given depth_dufing rod formation. Alternatively, the .
control‘signal C' might be used to control the maker distrib-
utor to obtain the desired céntrol. .Such practices are
disclosed, for example, in U.S. patent No. 3,595,067.

In all cases, it is understood that the.above-
described arrangements are merely illustrative of the many
possible specific embodiments which represent applications~
of the present invention. ©Numerous and varied other arrange-
mgnts can readily be deyised in aécofdance with the principles
of the presént invention without departing from the spirit

and scope of the invention.
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WHAT IS CLAIMED 1S:

1.'7Ap§aratue,for‘controlling,the:operationVOf a

cigarette maker, aaidinaker being'fea'input:tobacco'from'

which itrprobides a cigarette;rod,,said'apparatus'inclnding:

first'sensorrmeansrfor providing a;moisture sensor -
signal related to thefmoisture content of SAiaftaa;_' 7

and neanS'responsine toraaid moisture'sensor 7
signal for'controiling the moistureicontent:of'said input
tobacco. ’ ' - 77 7 7 : 7

2.: Apparatue in accordance with clainil'further

r

comprisiné:r,n ,

a second sensor means for providing a firmness
sensor signal related to the flrmness of saxd rod

3. Apparatus in accordance w1th clalm 2 further
comprising: '

means responsxve to sald flrmness sensor SLgnal
for controlling. the frrmness of sald rod o

4. Apparatus in accordance with clalm 3 whereln.

sald moxsture control means malntalns the moxsture
content of said 1nput tobacco at a level to cause said
moisture content of sald rod to be at a predetermlned moisture
content; 7 7

and‘said firmness COntrolrmeane maintainsrthe
firmness of a said rod at a predetermlned flrmness at said-
predetermlned m01sture coatent.,

5. Apparatus in accordance with claim 2 further
comprising: | 7 o

a third sensor means for providing a speed sensor

-0 -
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signal related to the speed of said rod.
6. Apparatus in accordance with claim 5 wherein:
said first sensor means is a resistance type
moisture sensor.
PR 7. Aépaéatus in accordance with claim 2 further
comprising: |
' a further sensor means for providing a density
sensor signal related to tﬁe density of said rod.
8. Apparatus in accordance with claim 7 wherein:
‘said first s;nsor.ﬁeans is a microwave type

moisture sensor.

9. BApparatus in accordance wﬁth claims 1,2,5,6,7

or 8 wherein:

said control means includes:

a sigﬁal processor responsive to said sensor
signalsrfor generating a moisture content signal corresponding
to the actual moisture in said rod;

and moisture control means re;ponsive to said
moisture content signal for adjustiﬁg the moisture conten£
of said input tobacco.

10. Apparatus in acco¥dance with claim 9 wherein
said input tobacco ig at a moisture content below a pre-
determined moisture content desired in said rod and wherein:

said signal processor generates a control signal
dependent upon a comparison of said moisture content signal
and said predetermined moisture content;

and said moisture control means is responsive to
said control signal and includes means for adding moisture

- 11 -
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to said input tobacco.
11; Apparatus in accordaﬁCe with claim 9 wherein

said input tobacco is at a moisture conteht'abovéra pre~

.determined'moisﬁure'éontent desired,in Said rod and wherein:

said sigﬁa17pr6céssor generates a control signal
dependent upon a comparison of said moisture content signal
and said predetermined moisture contenﬁ}
and said moisture control means is respénsive to
said control signal and includes mgané fbr;subfracting moisture
from said inputrtobaqéo, '7 |
12. A method foricdéfrolliné the operation of a
cigarette maker,rsaidrmakér beipg'fed inpﬁgrtobacco'frqm
which it'providesra cigarette rod,rséid method comprising:
) sénsing'the moisture content of said rod to provide
a moisture sensqirsignal; .
and controlling. the moisture_éontgnt of said input
tobacco based on said moisture senéor signal. .
13, ﬁ.mgthod in accordance with claim 12 further
comprising: - | B ; V
) VSehﬁipg the firmness bf'saidrréd ﬁo'provide a
firmneés sensor signal. 77 7;
14. 2 méthpd'ih a¢¢ordance with claim 13 further
comprising:' 7 h 7 7 7
- controlling thg'fi:mnessrof'said rod b;éed on said
o o 2
~ 15. A method in accordance with claim 13 wherein:
the step of contxollipg the mbisturé content of
said inputrtobapcqrisrcarried ouﬁiby maintainingrsaid moisture
content of said input ﬁbbacco at:a;levél which causes the
moisture content of said rod to ﬁerat é'freaéterminéd moisture

= 12 - )
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content;

and the step of controlling the firmness of said
rod is carried out by maintaining said firmness at a pre-
determined firmness at said predetermined moisture content.

16. A method in accordance with claim 12 further
comprising:

sensing the density of said rod to provide a
density sensor signal;

and said step of controlling said moisture content
of said input tobacco is based on said moisture and density
sensor signals. ' |

17. A method in accordance with claim 13 wherein:

said step of controlling the moistuge content of
said rod is based on said moisture, firmness and speed
sensor signals, .

18. A method in accordance with claim 12,13,15,16
or 17 wherein: '

said sfep of controlling the moisture content of -
said input tobacco comprises:

processing said sensor signals to generate a
moisture content signal corresponding to the actual moisture
in said rod; 4

and adjusting the moisture content of said input
tobacco based on said moisture content signal.

. 19. A method in accordance with claim 18 wherein
said input tobacco has a moisture content below a predetermined
moisture content desired in said rod ana wherein:

said step of processing said sensor signals
includes comparing said moisture content signal and said

predetermined moisture content;

- 13 -
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'fandrsaid step.of adjusting said moisture content
of said input tobacco is carried outibj adding moisture to~
said inputrtobaCco based on'saidicomparison of said moisture
- content signal and said predetermined moisture content.
. ! 20.. A method in accordance with claim 18 wherein
!l’ ‘said input tobacco has a moisture content above a predetermined

moisture content desired in said rod and wherein.

JL  said step of proceSSing said sensor—s;gnals

includes comparxng said moisture content 51gna1 and said pre-

determined moisture content; 7
h . and said step of adgusting said mo;sture content
of said input tobacco is carried out by subtracting moisture
' from said input tobacco based on said'comparison of said mois-
i

| ture content signal and said predeterminedrmoisture content. -

- 14 -
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