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(57) Abstract

' System and method for producing paper are provided. The system controls formation of wet stock comprising fibers on a moving
water permeable wire (7) of a de—watering machine that has means for supplying the amount of pulp from at least one source, means for
adding an amount of non-fibrous additives to the wet stock, a refiner (20) that is subject to a variable load and a headbox (1) having at
least one slice (11), wherein each slice (11) has an aperture through which wet stock is discharged onto the wire (7).
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WET END CONTROL FOR PAPERMAKING MACHINE

FIELD OF THE INVENTION
The present invention generally relates to controlling continuous
sheetmaking, and more specifically to wet end chemistry monitor and control 1n a

papermaking machine.

BA KGROUND OF ] HE INVEIN ’

In the art of making paper with modern high-speed machines, sheet
properties must be continually monitored and controlied to assure sheet quality and
to minimize the amount of finished product that is rejected when there 1s an upset
in the manufacturing process. The sheet variables that are most often measured
include basis weight, moisture content, and caliper (1.e., thickness) of the sheets at
various stages in the manufacturing process. These process variables are typically
controlled by, for example, adjusting the feedstock supply rate at the beginning of
the process, regulating the amount of steam applied to the paper near the middle of
the process, or varying the nip pressure between calendaring rollers at the end of
the process. Papermaking devices well known in the art are described, for
example, in "Handbook for Pulp & Paper Technologists” 2nd ed., G.A. Smook,
1992, Angus Wilde Publications, Inc., and "Pulp and Paper Manufacture” Vol 111
(Papermaking and Paperboard Making), R. MacDonald, ed. 1970, McGraw Hill.
Sheetmaking systems are further described, for example, in U.S. Patent Nos.
5,539,634, 5,022,966 4,982,334, 4,786,817, and 4,767,93).
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In the manufacture of paper on continuous papermaking machines, a web
of paper is formed from an aqueous suspension of fibers (stock) on a traveling
mesh wire or fabric and water drains by gravity and vacuum suction through the
fabric. The web is then transferred to the pressing section where more water 1s
removed by dry felt and pressure. The web next enters the dryer section where
steam heated dryers and hot air completes the drying process. The papermaking
machine is essentially a de-watering, i.e., water removal, system. In the
sheetmaking art, the term machine direction (MD) refers to the direction that the
sheet material travels during the manufacturing process, while the term cross
direction (CD) refers to the direction across the width of the sheet which i1s

perpendicular to the machine direction.

A wide range of chemicals is utilized in the papermaking stock furnish to
impart or enhance specific sheet properties or to serve other necessary purposes.
Such additives as alum, sizing agents, mineral fillers, starches and dyes are
commonly used. Chemicals for control purposes such as drainage aids,
defoamers, retention aids, pitch dispersants, slimicides, and corrosion inhibitors
are added as required. Fabrication of quality paper required addition of the proper

amount of these chemicals.

Wet end chemistry deals with all the interactions between furnish materials
and the chemical/physical processes occurring at the wet end of the papermaking
machine. The major interactions at the molecular and colloidal level are surface
charge, flocculation, coagulation, hydrolysis, time-dependent chemical reactions
and microbiological activity. These interactions are fundamental to the

papermaking process. For example, to achieve effective retention, drainage, sheet
formation, and sheet properties, it is necessary that the filler particles, fiber fines,
size and starch be flocculated and/or adsorbed onto the large fibers with minimal

flocculation between the large fibers themselves.
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There are three major groups involved in wet-end chemistry: solids,
colloids and solubles. Most attention is focused on the solids and their retention.
In order to maximize retention, it is important to cause the fines and fillers to
approach each other and form bonds or aggregates which are stable to the shear
forces encountered in the paper machine headbox and approach system. In

modern papermaking, this is usually accomplished by using synthetic polymers.

Control of wet-end chemistry is vital to ensure that a uniform paper
product is manufactured. If the system is allowed to get out of balance (e.g., by
over-use of cationic polymers), the fibers themselves will become flocculated and
sheet formation will suffer. Also, functional additives (e.g., sizes, wet-strength
agents) are often added at the wet end; if the chemistry is not under control, the

functionality may not be adequately imparted and the product will be off-quality.

The wet end of a papermaking machine is critical in determining the long-
term stability of the machine and ultimately the quality of the resulting product.
Fluctuations in the volumetric flow from the headbox and/or in the composition
(e.g., solids, fines and chemicals) of the pulp slurry or paper stock leaving the
headbox will affect the percent solids of the wet fiber mat delivered to the dryer
sections. These changes will be detected by the reel scanner but, because of the
transport time delay and scanner response time, the dry end moisture control

system is inadequate to compensate for these load disturbances.

During normal steady state operation of a papermaking machine, an
equilibrium condition develops in the material balance of the short and long stock
circulation loops. For the short circulation loop this means that the fines and filler
retention of the paper web are in equilibrium with the concentration of these

materials in the white water circulation; and for the long circulation this means
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that the fiber save-all operation, broke filler concentration, retention chemical

concentration and furnish composition are stable.

Conventional methods for controlling the basis weight of the paper
produced include regulating the paper stock flow rate from the stuff box through a
basis weight or thick stock valve into the headbox. The valve is actuated In
response to scanning sensor measurements of the paper just before the reel. The
ability of this feed-back control technique to smooth out disturbances however 1S
limited due to the long time lags through the machine from the thick stock valve to

the reel.

MARY OF THE INVENI110O:N

The present invention is based in part on the development of an underwire
water weight sensor (referred to herein as the "UW?" sensor) which is sensitive to
three properties of materials: the conductivity or resistance, the dielectric constant,
and the proximity of the material to the UW" sensor. Depending on the material,
one or more of these properties will dominate. The UW" sensors are
positioned in a papermaking machine in the MD direction, and are used to
measure the conductivity of an aqueous mixture (referred to as wet stock) in a
papermaking system. In this case, the conductivity of the wet stock is high and
dominates the measurement of the UW? sensor. The proximity is held constant by
contacting the support web in the papermaking system under the wet stock. The
conductivity of the wet stock is directly proportional to the total water weight
within the wet stock; consequently, the sensors provide information which can be
used to monitor and control the quality of the paper sheet produced by the
papermaking system.
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With the present invention, an array of UW” sensors is employed to
measure the water weight in the MD on the web of a fourdriner paper machine
and generate water weight or drainage profiles. These sensors have a very fast
response time (1 msec) and are capable of providing an accurate value of the water
weight, which relates to the basis weight of the paper. Indeed, the water weight
measurements can be computed from the under the wire weight sensor 600 times a
second. By monitoring the MD trend of each of the MD sensors in the array, it 1s
possible to correlate the variation of the water weight down the table between each

of these sensors.

The method for tuning the operation of a fourdriner machine to produce a
specific paper grade comprises a three-step procedure. The first step comprises
tuning process parameters of the fourdriner machine to obtain an optimized
configuration which produces acceptable quality paper as determined by direct
measurement. The drainage profile corresponding to this optimized configuration
is then measured with water weight sensors distributed along the machine

direction, and recorded.

This optimal drainage profile may then be fitted to various parameterized
functions (such as an exponential) using standard curve fitting techniques. This
curve fitting procedure has the effect of smoothing out the effects of noise on the

profile, and interpolating between measured points.

During subsequent production runs of the fourdriner machine, the objective
is to reproduce the previously determined optimal drainage profile. If the
measured moisture content at a given position is either above or below the
optimal value for that position, the machine parameters, such as the mechanical
action of the refiner or wet-end additives are adjusted as necessary to bring that

measurement closer toward the optimal value.
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In accordance with one aspect of the 1nvention,
there is provided a method of controlling the formation of a
sheet of wet stock comprising fibers wherein the wet stock

is formed on a water permeable moving wire of a de-watering

5 machine that has means for supplying an amount of pulp from

10

15

20

25

30

at least one source, means for adding an amount of non-
fibrous additives to the wet stocks, a refiner that subjects
the fibers to mechanical action, said refiner being subject
to a variable load, and a headbox having at least one slice,
wherein each slice has an aperture through which wet stock
is introduced onto the wire, said method comprising the
steps of: (a) placing at least two water weight sensors
underneath and adjacent to the wire and which are positioned
at different locations in the direction of movement of the
wire and upstream from a dry line which develops during
operation of the machine; (b) operating the machine to form
a dried sheet product and measuring the water weights of the

r—

sheet of wet stock with the water weight sensors; (cC)

generating signals that are 1ndicative of the water weilight
measurements and developing a water weight profile based on
the signals; (d) adjusting at least one of said variable
load of the refiner, the amount of non-fibrous additives to

the wet stock, or the amount of pulp supplied from the at

least one source so that the water weight profile matches a

preselected water weight profile; and (e) 1n response to
changes in the water weight profile so that i1t does not
match the preselected water weight profile, readjusting at
least one of said wvariable load of the refiner, the amount
of non-fibrous additives to the wet stock, or the amount of
pulp supplied from the at least one source until the water

welght profile again matches the preselected water profile.

In accordance with another aspect of the

invention, there 1s provided a system of controlling the
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formation of wet stock, in the production of a dried sheet
product, which comprises fibers on a moving water permeable
wire of a de-watering machine that comprises means for
supplying an amount of pulp from at least one source, means
for adding an amount of non-fibrous additives to the wet
stock, a refiner that subjects the fibers to mechanical
action, said refiner having a motor load controller, and a
headbox having at least one slice, wherein each slice has an
aperture through which wet stock 1is discharged onto the
wire, which system comprises: (a) at least two water weight
sensors that are positioned adjacent to the wire whereiln the
at least two sensors are positioned at different locations
in the direction of movement of the wire and upstream from a
dry line which develops during operation of the machine and
the sensors generate signals indicative of a water weight

profile made up of a multiplicity of water weight

measurements; (b) means for adjusting at least one of the
motor load controller, the amount of non-fibrous additives
added to the wet stock, or the amount of pulp supplied from
the at least one source to cause water weight profile to

F—

match a preselected water weight profile; and (c) means for

]

adjusting at least one of said variable load of the refiner,

the amount of non-fibrous additives to the wet stock, or the
amount of pulp supplied from the at least one source until
the water weight profile again matches the preselected water
profile in response to changes 1n the water weight profile

so that it does not match the preselected water weight

profile.
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RIPTION OF TH

JRAWING

Figure 1 shows a sheetmaking system implementing the techmque of the

present invention;

Figure 2 shows a block diagram of a measurement apparatus including a
SENnsor array;

Figure 3 shows an electrical representation of the block diagram shown in
Figure 2; and

Figure 4 is a graph of water weight versus wire position on a papermaking

machine.

RIPTION OF PREFERRED EMBODIMEIN ]

The present invention employs a system that includes one or more sensors
that measure the basis weight of paper stock on the web or wire of a papermaking
machine, e.g., fourdrinier. These sensors preferably are sensors which have a
very fast response time (1 msec) so that an essentially instantaneous profile of the
basis weight can be obtained. Although the invention will be described as part of
a fourdrinier papermaking machine, it is understood that the invention is
applicable to other papermaking machines including, for example, twin wire and
multiple headbox machines and to paper board formers such as cylinder machines
or Kobayshi Formers. Some conventional elements of a papermaking machine are
omitted in the following disclosure in order not to obscure the description of the

elements of the present invention.

Figure 1 shows a system for producing continuous sheet material that
comprises processing stages including headbox 1, web or wire 7, dryer 2,

calendaring stack 3, and reel 4. Actuators (not shown) in headbox 1 discharge wet

stock (e.g., pulp slurry) through a plurality of slices 11 onto supporting wire 7/

' o datnl i ol .
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which rotates between rollers 5 and 6. Foils and vacuum boxes .(not shown)
remove water, comrnonly known as "white water”, from the wet stock on the wire
into wire pit 70 for recycle. A portion of the wet stock from the pit 1s recycled
directly to the headbox through lines 72 and 76 whereas another portion of the wet
stock is diverted to saveall 90 where it is _Separated into water which is stored or \
reused through line 94. The wet stock or white water which is recycled primarily
contains fibers, fillers (e.g., clay), and water. This recycle loop is commonly
referred to as the short circulation or white water loop. Fiber which is recovered -
by the saveall is typrcally recycled as an aqueous mixture through line to the
back end of the pan pump. The system also includes a mechanism for recoveririg
broke which is defined as partly or completely manufactured paper or paperboard
that is discarded from any pomt in the manufactunng or ﬁmshmg process. For
example, during a sheet break or start up material exiting the web is recycled.
Broke is recovered 1n reseryoir 80 and diverted through line 82 to head tank 53.

This loop is commonly referred to as the long circulation loop.

A scanning sensor 14 continuously traverses the finished sheet (¢.g ., paper)

and measures properties of the ﬁnished sheet | Multiple statiopary sensors could

also be used. Scanmng sensors are known 1 1n the art and are descnbed for
example in U.S. Patent Nos. 5,094, 535 4,879, 471 5,315,124, and 5,432,353,

The finished sheet is then collccted onreel 4. As
used herein, the "wet end” portion of this system comprises the headbox, the web,

~and those sections just before the dryer, and the “dry end" compnses the sections

that are downstream fror_n the dryer.

The system further includes means for measunng the ba51s weight of the

' sheet of wet stock on the wire. A preferred devxce 1s the underwire water weight

~or UW° sensor whlch 1S employed smgly or in combmanon and which i is further

descnbed herem In one embodlment an array of UW3 sensors is positioned
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under the wire in the CD or MD position. For instance, the basis weight at the

wet end can be measured with a CD array 12 of the UW” sensors that is positioned
underneath wire 7. By this is meant that each sensor is positioned below a portion
of the wire which supports the wet stock. As further described herein, each of the

sensors is configured to measure the water weight of the sheet material as 1t passes
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over the array. The array provides a continuous measurement of the entire sheet
material along the CD direction at the point where it passes the array. A profile
made up of a multiplicity of water weight measurements at different locations 1n
the CD is developed. In one embodiment, an average of these measurements is

obtained and converted to the wet end basis weight.

Alternatively, an MD array comprised of three UW? sensors 9A, 9B, and
9C is positioned underneath wire 7. A water weight profile made up of a
multiplicity of water weight measurements at different locations in the MD i1s
developed. The array should have a minimum of 2 sensors. Typically 3 to 6
sensors are employed in tandem and positioned approximately 1 meter from the
edge of the wire. Typically, the sensors are positioned about 30 to 60 cm apart
from each other. Both the CD and MD array sensors are preferably positioned

upstream from a dry line that forms at position 10 on the wire.

The term "water weight" refers to the mass or weight of water per unit
area of the wet paper stock which is on the wire. Typically, the UW" sensors
when positioned under the wire are calibrated to provide engineering units of
grams per square meter (gsm). As an approximation, a reading of 10,000 gsm
corresponds to paper stock having a thickness of 1 cm on the fabric. The term
"basis weight" or "BW" refers to the total weight of the material per unit area.
The term "dry weight" or "dry stock weight" refers to the weight of a material

(excluding any weight due to water) per unit area.
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Typically, the papermaking furnish or raw material 1s metered, diluted,
mixed _With any necessary additives, and finally screened and cleaned as it is
introduced into headbox 1 from fan pump 50. Specifically, although stock from
machine chest 54 should be reasonable free from impurities, paper machine
approach systems usually utilize pressure screens S1 and centrifugal cleaners 52 to

prevent contamination.

Fan pump ‘\50 serves to mix the stock with the white water and deliver the

blend to the headbox 1. To ensure a uniform dispersion to the headbox, the stock

is fed from a constant head tank 53, commonly called the "stuff box,"

through a line that is regulated by control valve (also called the basis weight valve).

Stock is supplied to machine chest 54 from refiner 20 whxch includes
adjustable mechanical elements, e.g., motonzed disk elements or plates to grind
the paper fiber surfaces. Generally, the refiner is part of the stock preparatlon
system which prepares, conditions, and/or treats the pulp or stock in such a
manner that a -sansfactory sheet of papet can be produced. The load to the refiner '
is regulated by controller 21. Adjusting the load will increase or decrease the
degree of mechanical action on the pulp by the mechanical elements in the refiner.
The refiner is conneeted to sources of thick stock and water. For high quality
paper typically more than one source of pulp is used. As illustrated in Figure 1,
refiner 20 is connected to three sources 201, 202, and 203 through valves 206,

207, and 208, respectively. The valves in turn are regulated by controllers 2064,

207A and 208A, respectively. The sources of pulp may represent different types
of wood (e. g., softwood or hardwood) and/or different pulpmg mechamsms (e.g.,
mechanical, chemical or hybnd) while the sources are connected to a single
refiner, it is understood that each source may be connected to a separate refiner
which is connected to machine che_st 54. Asis apparent, the ﬂow rate of each

sources of pulp can be'\ adjuated. Vigorously grinding the paper stock in the
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refiner reduces the rate at which water will drain through the wire mesh. Thus, 1t
is common to refer to a rapidly draining stock as being "free”, or having high
freeness, whereas more highly grinded stock is referred to as being slow, or

having low freeness.

The system further includes means for adding non-fibrous additives to the

papermaking stock. Chemical additives are added at different steps in the process.

Wet-end chemical and mineral additives include, for example, acids and bases,
alum, sizing agents, dry-strength adhesives, wet-strength resins, fillers, coloring

materials, retention aids, fiber flocculants, defoamers, drainage aids, optical

brighteners, pitch control chemicals, slimicides, and specialty chemicals. Some of

these chemicals, e.g., alum, can be employed to alter the zeta potential of fiber
particles in the stock. The specific types of additives employed will depend on,
among other parameters, the grade of paper being made. Source 140 contains a
coagulating agent, €.g., alum, which is added to the stock in head tank 53. The
alum serves to improve retention of fines and fillers to the fibers. The amount of
alum that is added is regulated by controller 150. Source 120 contains flocculants
that improve sheet formation by facilitating the binding of fibrous material and
fillers. The amount of flocculants added to the line exiting head tank 353 is
regulated by controller 130. Finally, source 100 contains specialty chemicals,
e.g., corrosion inhibitors, and slimicides. The amount of these components is
regulated by controller 110. The above is meant only as an illustration of the
different strategies that can be implemented. As is apparent, other chemicals can
be added, alternatively, the chemicals can be added at different stages in the

process.

The water drainage profile on a fourdrinier wire is a complicated function
principally dependent on the arrangement and performance of drainage elements,

characteristics of the wire, tension on the wire, stock characteristics (for example

APEL TTBT AR T I b v hals founele e OGO AT OO SR 2 - TR SN ST IDANI WTACS 113 Km KA 4 rhas 3 g
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freeness, pH and additives), stock thickness, stock temperature, stock consistency
wire speed and refiner load or power. By controlling one or more operating
parameters of the system the quality of the paper fabricated can be regulated.
Although one may adjust the concentration of additives to regulate the final
product, and/or regulate the flow of pulp into the refiner when more than one
source is employed, generally for a particular grade of paper, it is preferred to
maintain the concentration of the additives and pulp flow rates once the optimum
levels are set. In a preferred embodiment, the system is employed to control one
or more of the other process parameters while keeping the flow of additives and
pulp within certain set points. One such parameter 1s the refiner power. This can
be accomplished by using a refiner that has a refiner plate position control system.
By subjecting fibers to different levels of mechanical action, the paper stock
flowing onto the wire will exhibit different properties, e.g., drainage

characteristics.

Water weight sensors placed at strategic locations along the papermaking
fabric can be used to profile the de-watering process (hereinafter referred to as
"drainage profile"). By varying the above stated process parameters and measuring
changes in the drainage profile, one can then construct a model which simulates
the wet end paper process dynamics. Conversely one can use the model to
determine how the process parameters should be varied to maintain or produce a

specified change in the drainage profile.

Three water weight sensors 9A, 9B, and 9C are illustrated to measure the
water weight of the paper stock on the wire. The position along the fabric at
which the three sensors are located are designated "h", "m", and "d",
respectively. More than three water weight sensors can be employed. It 1S not
necessary that the sensors be aligned in tandem, the only requirement is that they

are positioned at different machine directional positions and underneath the wire.



CA 02295557 2000-01-05

WO 99/58991 PCT/US99/10396

10

13

20

23

-13-

Preferably the sensors are immediately adjacent to the wire. Typically, readings
from the water weight sensor at location "h" which is closest to the headbox will
be more influenced by changes in stock freeness than in changes in the dry stock
since changes in the latter is insignificant when compared to the large free water
weight quantity. At the middle location "m", the water weight sensor is usually
more influenced by changes in the amount of free water than by changes in the
amount of dry stock. Most preferably location "m" is selected so as to be
sensitive to both stock weight and free changes. Finally, location "d", which is
closest to the drying section, is selected so that the water weight sensor is sensitive
to changes in the dry stock because at this point of the de-water process the
amount of water bonded to or associated with the fiber is proportional to the fiber
weight. This water weight sensor is also sensitive to changes in the freeness of
the wire although to a lesser extent. Preferably, at position "d" sufficient amounts
of water have been removed so that the paper stock has an effective consistency

whereby essentially no further fiber loss through the fabric occurs.

In measuring paper stock, the conductivity of the mixture 1is high and
dominates the measurement of the sensor. The conductivity of the paper stock 1s
directly proportional to the total water weight within, consequently providing
information which can be used to monitor and control the quality of the paper
sheet produced by the papermaking system. In order to use this sensor to
determine the weight of fiber in a paper stock mixture by measuring its
conductivity, the paper stock is in a state such that all or most of the water 1s held
by the fiber. In this state, the water weight of the paper stock relates directly to
the fiber weight and the conductivity of the water weight can be measured and

used to determine the weight of the fiber in the paper stock.

During initial operation of the system as illustrated in Figure 1, wet stock

is partially dewatered in the wet end that yields a partially dewatered product 91.
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In this start-up phase, the partially dewatered product 91 is collected for recycle.
After this initial process has becn completed, the partially dewatered product 91
will enter the dry end process which yields finished paper that is collected at the
reel 4. A scanning sensor 14 measures the dry end basis weight to confirm that

the process parameters have been correctly selected.

During the initial phase, an MD array of sensors 9A, 9B, and 9C measures
the water weight at the wet end and transmit s'ignals to computer 160 which
continuously develops water weight prot'tles of the wet end process. These
measured nvater weight profiles are compared to the base or optimal Water weight
profile that has been selected for the particular grade otf paper being made from a
database. Figure 4 "is a graph of water ' weight Vversus wire position illustrating
implementation of the process. As shown, curve A represents a base or optimal
profile that has been preselected from the database for the grade of paper that is
being made. During the start-up phase, water weight mcasurements at the wire

are made by the MD array of sensors and from measurements curve B is created

‘using standard curve fitting methods.

As is 'apparcnt in this case the measured water :\i'veight tralucs are higher
than those of the base proﬁle ‘As a result, the computer will transmtt appropnate
srgnals to controller 21 that wnll regulate the mechamcal elemcnt in the refiner,

 e.g., increase or decrease the rcﬁner plate gap, in reﬁner 20 that 1s also equipped

with tachometer to measure the motor speed “This curve companson procedure

’ contmues until the measured water wetght proﬁle matches the preselected

optimized proﬁle In practice, 100% matchmg will not be necessary or practical
and the level of deviation can be set by the opcrator. Therefore, it is understood

that the term “match" or "matching" implies that the measured water weight

' proﬁle has the same or approxtmately the same values as that of the preselected

water base wetght proﬁle Referrmg to Figure 4, a prefcrred method of
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comparing the measured water weight values with those of the base profile entails
comparing the three measurements at positions X, y, and z for each profile rather
than the two curves. 'Furthermore depending on the grade of paper, it may be

that measurements closer to the dry line at posrtton z may be more significant that

‘those near the headbox at posmon x. In this case, the operator may require a

h1gher degree of agreement at posrtton Z than at posrtron X. After the proper

refiner load is reached 1.e., when the measured profile matches the base profile,
the dry end process goes on line and ﬁmshed product 1s made. The computer is
ernploYed to maintain proper refiner load. Thus, if the measured water weight

values are higher than those of the base proﬁle computer 160 will transmit

~ appropriate srgnals to controller 21 that will change the load on the refiner.

The control system IS partlcularly sutted in the event of a sheet break when
the process 1S much more dynanuc and there are few methods of momtormg the
stabrltty and status of the wet end of the paper machme During a paper break the ‘
control system will mamtam a stable dramage model to ensure that the formation
and overall quahty of the sheet does not degrade dramatically. In doing so, the
control systcm will mamtatn a sheet qualtty whrch wrll make it easier to thread the

' paper durmg the end of a sheet break condttton even w1th the changmg broke

levels. Typtcally, the ref'mmg load wrll be reduced as the broke flow is increased

to rnatntatn the dramage model

' | Figure 2 shoWs a conductivity or resistance meaSurement sensor, described
in U.S. Patent No. 5,891,306, which measures the conductivity or resistance

of the water 1n the stock

" material. (The sensor can also measure the dtelectnc constant and the proxumty

of matertal e. g wet stock to the sensor ) The conducttvny of the water is
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proportional to the water weight. A sensor array includes two elongated grounded
electrodes 24 A and 24B having electrode portions 24A(2) and 24B(2) respectively and a
segmented electrode 24C having segments 24D(1) — 24D(n). Measurements cells

(celll, cell2, .. .celln) each include a segment of electrode 24C and a
corresponding portion of the grounded electrodes (24A and 243) opposite the
segment. Each cell deteCts the COnductivity of the paper stock and speciﬁcally the
water portion of the stock resrdtng in the space between the segment and its .
corresponding opposmg porttons of grounded electrode Although the sensor

array may comprise multrple cells , it is understood that each UW? sensor requires

only one cell structure, e. g, cell 2 of Fig. 2. Indeed even though the preferred

detector comprises three electrodes two of which are grounded the requtred

number of electrodes is only two, w1th one being ground

Each cell is independently coupled to an input voltage (Vin) from signal

‘generator 25 through an impedance element Zﬁxed and each provides an output

voltage to voltagedetecmr 26 on bus Vout. Signal generator 25 provides Vin.

Device 26 tncludes c1rcu1try for detectmg varrattons m voltage from each
of the segments in electrodes 24C and any convers ion crrcuttry for converting the
vol tage vanattons into useful mformatton relatmg to the phys ical charactensttcs of
the aqueous mrxture Opuonal feedback crrcutt 27 includes a reference cell havmg
similarly conﬁgured electrodes as a smgle cell wrthtn the sensor array. The
reference cell functtons to respond to unwanted phys ical characteristic changes in
the aqueous mtxture other than the physical charactensuc of the aqueous mixture
that is desired to be measured by the array For instance, if the sensor is detecung
voltage changes due to changes in werght the reference cell lS conﬁgured SO that

' the wetght remams constant. Consequently, any voltage/conductrvrty changes

exhtblted by the referencc cell are due to aqueous mixture phys ical characteristics
other than wetght changes (such as temperature and chemrcal compos 1tton) The
feedback circuit uses the voltagc changes generated by the reference cell to
generate a feedback srgnal I\ feedback) to compcnsate and adjust Vin for these
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unwanted aqueous mixture property changes (to be described in further detail

- below). It should also be noted that the non-weight related aqueous mixture

conductivity information provided by the reference cell may also provide useful

data in the sheetmaking process.

The sensor array is sensitive to three physical properties of the material
being detected: the conductivity or resistance, the dielectric constant, and the
proximity of the material to-the sensor. Depending on the material, one or more ,_
of these pfOperties_Will dominate. The material capacitance depends on the
gedmetry of the electrodes, the dielectric constant of the material, and its
proximity to the sensor. For a puré dielectric material, the resistance of the |
material is infinite (i.e., Rm = =) between the electrodes and the sensor measures
the dielectric coilstam of the material. Alternatively, for a highly conductive
material, the resistance of the matérial is much less than the capacitive impedance

(1.e., Rm « Z._), and the sensOr_ measures the conductivity of the material.

Figure 3 illustrates an electrical representation of a measuring apparatus

including cells 1 - n of sensor array 24 for measuring conductivity of an aqueous

material. As shown, each cell is coupled to Vin from signal generator 25 through

an impedance element which, in this embodiment, is resistive element Ro.
Referring to cell n, resistor Ro is coupled to center segment 24D(n) and portions

24A(n) and 24B(n) (opposite segment 24D(n)) are coupled to ground. Also shown
in Figure 3 are mmtomRsl and Rs2 which represent the conductance of the
équeous mixture between the segments and the grounded portions. Resistors Ro,
Rs1, and Rs2 form a voltage divider network between Vin and ground.

- The measuring apparatus shown in Figure 3 is based on the concept that

the conductivity of the voltage divider network Rs1 and Rs2 of the aqueous

- mixture and the Weight. /amount of an aqueous mixture are inversely proportional .'
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Consequently, as the weight increases/ decreases, the combination of Rsl and Rs2
decreases/increases. Changes in Rs1 and Rs2 cause corresponding fluctuations 1in
the voltage Vout as dictated by the voltage divider network. The voltage Vout
from each cell is coupled to detector 26. Hence, variations in voltage inversely
proportional to variations in conductivity of the aqueous mixture are detected by
detector 26 thereby providing information relating to the weight and amount of
aqueous mixture in the general proximity above each cell. Detector 26 also
typically includes other circuitry for converting the output signals from the cell

into information representing particular characteristics of the aqueous mixture.

Figure 3 also shows feedback circuit 27 including reference cell 28 and
feedback signal generator 29. The concept of the feedback circuit 27 is to 1solate
a reference cell such that it is affected by aqueous mixture physical characteristic
changes other than the physical characteristic that is desired to be sensed by the
system. For instance, if weight is desired to be sensed then the weight is kept
constant so that any voltage changes generated by the reference cell are due to
physical characteristics other than weight changes. In one embodiment, reference
cell 28 is immersed in an aqueous mixture of recycled water which has the same
chemical and temperature characteristics of the water in which sensor array 24 is
immersed in. Hence, any chemical or temperature changes affecting conductivity
experienced by array 24 is also sensed by reference cell 28. Furthermore,
reference cell 28 is configured such that the weight of the water is held constant.
As a result voltage changes Vout(ref. cell) generated by the reference cell 28 are
due to changes in the conductivity of the aqueous mixture, caused from
characteristic changes other than weight. Feedback signal generator 29 converts
the undesirable voltage changes produced from the reference cell into a feedback
signal that either increases or decreases Vin and thereby cancels out the atfect of
erroneous voltage changes on the sensing system. For instance, if the conductivity

of the aqueous mixture in the array increases due to a temperature increase, then
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Vout(ref. cell) will decrease causing a corresponding increase in the feedback
signal. Increasing Vfeedback increases Vin which, in turn, compensates for the
initial increase in conductivity of the aqueous mixture due to the temperature
change. As a result, Vout from the cells only change when the weight of the

aqueous mixture changes.

The foregoing has described the principles, preferred embodiments and
modes of operation of the present invention. However, the invention should not
be construed as being limited to the particular embodiments discussed. Thus, the
above-described embodiments should be regarded as illustrative rather than
restrictive, and it should be appreciated that variations may be made 1n those
embodiments by workers skilled in the art without departing from the scope of the

present invention as defined by the following claims.
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CLAIMS:
1. A method of controlling the formation of a sheet

of wet stock comprising fibers wherein the wet stock 1s
formed on a water permeable moving wire of a de-watering
machine that has means for supplying an amount of pulp from
at least one source, means for adding an amount of non-
fibrous additives to the wet stocks, a refiner that subjects
the fibers to mechanical action, said refiner being subject
to a variable load, and a headbox having at least one slice,
wherein each slice has an aperture through which wet stock

is introduced onto the wire, said method comprising the

steps of:

(a) placing at least two water weight sensors
underneath and adjacent to the wire and which are positioned
at different locations in the direction of movement of the
wire and upstream from a dry line which develops during

operation of the machine;

(b) operating the machine to form a dried sheet
product and measuring the water weights of the sheet of wet

stock with the water weight sensors;

(c) generating signals that are indicative of the
water weight measurements and developing a water weight

profile based on the signals;

(d) adjusting at least one of said variable load

p—

of the refiner, the amount of non-fibrous additives to the

wet stock, or the amount of pulp supplied from the at least
one source so that the water weight profile matches a

preselected water weight profile; and

(e) in response to changes 1n the water weight

profile so that it does not match the preselected water
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weight profile, readjusting at least one of said variable
load of the refiner, the amount of non-fibrous additives to
the wet stock, or the amount of pulp supplied from the at
least one source until the water weight profile again

5 matches the preselected water profile.

2. The method of claim 1 whereiln step (d) comprises

adjusting the variable load of the refiner.

3. The method of claim 2 wherein the amount of non-
fibrous additives added to the wet stock i1s maintained

10 within a preselected range.
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4. The method of claim 2 wherein the amount of pulp supplied from

the at least one source is maintained within a preselected range.

5. The method of claim 1 wherein step (d) comprises adjusting the

amount of non-fibrous additives to the wet stock.

6. The method of claim 1 wherem step (d) comprises adjusting the

amount of pulp from the at least one source.

7. The method of claim 1 wherein each of said sensors includes a first

~electrode and a second electrode which 1s spaced-apart and adjacent to said first

electrode, said wet stock being between and n cldse proximity to said first and
said second electrodes, said sensor is coupled in series with an impedance element
between an input signal and a reference potential; and wherein fluctuations in at
least one property of said wet stock causes changes in voltage measured across

said sensor.

8.  The method of claim 7 wherein said first electrode is coupled to
said impedance element and said second electrode is coupled to said reference

potential.

0. The method of claim 7 wherein said first electrode is coupled to
said 1nput signal and said second electrode is coupled to said impedance element.

10. The method of claim 8 wherein said impedance element comprises a

plurality of resistive elements and said first electrode comprises a plurality of
electrically isolated sub-electrodes which are each coupled to one of said plurality

of resistive elements.
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11.  The method of claim 9 wherein said second electrode comprises a
set of electrically isolated sub-electrodes and said impedance element comprises a
plurality of resistive elements, wherein said first electrode is coupled to said input

signal and each of said set of sub-electrodes is coupled to one of said plurality of

5 resistive elements.

12.  The method of claim 8 further including a third electrode coupled
to said reference potential, said first electrode being spacedéapart and residing
between said Second and said third electrodes, wherein another portion of said

10 sheet of material is between and in élose proximity to said first and said third
' electrodes. - ‘ N

13.  The method of claim 7 further comprising means for providing a
feedback signal to adjust said input signal such that said fluctuations in at least one

1S  property are due to fluctuations in a single physical characteristic of said wet stock.

14. - The method of claim 13 wherein said physical properties include
dielectric constant, conductivity, and proximity of a portion of said wet stock to
20  said sensor and said single physical characteristic of said wet stack comprises ane

of weight, chemical composition, and temperature.

13. The method of claim 7 wherein said impedance elemcm is one of an
' inductive element and capacitive element each having an associated impédance and
235 said input‘signal has an associated frequency and Wherein said associated
impedance 6f said one of said inductive and capacitive element mﬁy be set to a
particular magnitude by adjusting said associated frequency to égiven magn'itu\de.\
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16. The method of claim 15 wherein said sensor has an
assocliated impedance and said associated frequency is
adjusted such that said sensor impedance and said impedance

of said one of said capacitive element and said inductive

element are approximately equal.

17. The method of claim 1 wherein the at least two

water weight sensors are positioned substantially in tandem.

18. The method of claim 17 wherein step (a) comprises

placing at least three sensors.

19. A system of controlling the formation of wet
stock, i1n the production of a dried sheet product, which
comprlses fibers on a moving water permeable wire of a
de-watering machine that comprises means for supplying an
amount of pulp from at least one source, means for adding an
amount of non-fibrous additives to the wet stock, a refiner
that subjects the fibers to mechanical action, said refiner
having a motor load controller, and a headbox having at
least one slice, wherein each slice has an aperture through
which wet stock is discharged onto the wire, which system

comprilises:

(a) at least two water weight sensors that are
positioned adjacent to the wire wherein the at least two
sensors are positioned at different locations in the
direction of movement of the wire and upstream from a dry
line which develops during operation of the machine and the
sensors generate signals indicative of a water weight
profile made up of a multiplicity of water weight

measurements;

(b) means for adjusting at least one of the motor
load controller, the amount of non-fibrous additives added

to the wet stock, or the amount of pulp supplied from the at
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least one source to cause water weight profile to match a

preselected water weight profile; and

(c) means for adjusting at least one of said
variable load of the refiner, the amount of non-fibrous
~additives to the wet stock, or the amount of pulp supplied
from the at least one source until the water weight profile
again matches the preselected water profile 1n response to
changes 1n the water weight profile so that it does not

match the preselected water weight profile.
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20.  The system of claim 19 wherein the amount of non-fibrous additives

added to the wet stock is maintained within a preselected range.

21.  The system of claim 19 wherein the amount of pulp supplied from

the at least one source i1s maintained within a preselected range.

22.  The system of claim 19 wherein each of said sensors includes a first
electrode and a second electrode which is spaced-apart and adjacent to said ﬁrst
electrode, sand wet stock being between and in close proximity to said first and:

said second electrodes, said sensor 1s coupled In series with an impedance

element between an input signal and a reference potential; and wherein

| .fluctuations in at least one property of said wet stock causes changes in voltage

measured across said Sensor.

23. The system of claim 22 wherein said first electrode is coupled to

said nnpedance element and satd second electrode IS coupled to sald reference
potential.

24.  The system of claim 22 wherein said first electrode is coupled to

said input signal and said second electrode 1s coupled to said impedance element.

25. The system of clalm 23 wherein said 1mpedance element comprises -

- a plurahty of res:stlve elements and said ﬂrst electrode compnses a plurahty of

electtlcally 1solated sub—electrodes which are each coupled to one of said plurality

of resistive clements.
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26.  The system of claim 25 wherein said second electrode comprises a
set of electrically isolated sub-electrodes and said impedance element comprises a
plurality of resistive elements, wherein said first electrode is coupled to said input

signal and each of said set of sub-electrodes is coupled to one of said plurality of

5 resistive elements.

27.  The system of claims 23 further including a third electrode coupled
to said reference potential, said first electrode being spaced-apart and residing
between said second and said third electrodes, wherein another portion of said-

10  sheet of material is between and in close proximity to said first and said third

electrodes.

28.  The system of claim 22 further comprising means for prdviding a
feedback signal to adjust said input signal such that said fluctuations in at least one

15 property are due to fluctuations in a single physical characteristic of said wet

stock.

29.  The syStem of claim 28 wherein said physical properties include
dielectric constant, conductivity, and proximity of a portion of said wet stock to
20 said sensor and said single physical characteristic of said wet stock comprises one

of weight, chemical composition, and temperature.

'30.  The system of claim 22 wherein said impedance element is 'one of
an inductive element and capacitive element each having an assoéiated impedance
25 and said input signal has an associated frequency and wherein said associated
impedance of said one of said inductive and capacitive element may be set to a

particular magnitude by adjusting said associated frequency to a gi\ken magrlimde.
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31. The system of claim 30 whereiln said sensor has an
associated impedance and said associated frequency 1s
adjusted such that said sensor 1mpedance and said 1mpedance

of said one of said capacitive element and said i1nductive

element are approximately equal.

32. The system of claim 19 wherein the water weight

sensors are positioned substantially i1n tandem.

33. The system of claim 32 wherein the system

comprises at least three sensors that are underneath and

adjacent to the wire.

34, The method of claim 1 wherein step (b) comprises
the step of providing the headbox with pulp from a source of
pulp and wherein the change 1in the water weight profile 1is
caused by a breakage 1n the sheet of wet stock or the sheet
of dried product and wherein at least parts of the sheet of

wet stock or dried sheet product that are broken are

recycled to the source of pulp.
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