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Description

The present invention concerns a process for controlling the formation of sheet materials such as
paper, according to ciaim 1.

Various sheet materials are manufactured by causing the material in a fluid state to flow in a controiled
fashion onto a conveyor or the like. For example, sheet plastic is often manufactured by extruding heated
platic through a die onto a conveyer beit. Likewise, paper is often manufactured by causing a slurry of
paper pulp to flow from a headbox onto a moving wire. in the manufacture of sheet materials, a thickness-
regulating member is normally used to ensure that the thickness of the sheet is substantially uniform both
in the direction in which the sheet travels and in the direction perpendicular thereto. In the case of paper,
the thickness regulating member is called a slice lip and in the case of plastics material, the thickness
regulating member may be called a die. In either case, the position of the thickness-regulating member is
controlled by actuators, which in the case of paper manufacturing include slice rods.

U.S. patent 3,413,192 teaches a system for controlling a thickness regulating member used in the
manufacture of sheet products. According to the patent, a water slurry of fibrous paper stock is fed into a
headbox, and the slurry then flows through a slice lip opening to be deposited in a continuous web onto a
Fourdrinier wire which is continuously moving in a direction away from the headbox. The position of the
slice lip is controlled by a piurality of actuators connected to the slice lip and to the headbox and spaced
apart from one another along the length of the slice lip.

Further, according to that patent, the paper slurry dries as it travels along the Fourdrinier wire and
thereafter the paper web is fed between press roils for removal of additional moisture. The web is then fed
through a drier section, and the finished paper web issues from the drier. After the drier paper leaves the
drier, a conventional basis weight measuring gauge including a source of nuclear radiation is used to
measure the thickness of the web across the width thereof. Information from the measuring gauge is trans-
mitted to a control system which in turn controis the slice actuators to maintain the thickness of the paper
being produced according to a predetermined scheme.

One of the shortcomings of the system taught in that patent is that the phyiscal characteristics of the
slice lip and the actuators are not explicitly considered. It is believed that this leads to certain inaccuracies
in the operation of the system.

It is also known from a disclosure in the Tappi Journal, Volume 67 No. 12 of December 1984 at pages 52
to 55 inclusive, to provide a weight profile control system for use in paper making in which motorized slice
lip actuating screws are operated by stepping motors whilst the displacement of the slice lip is directly
measured by linear variabie differential transformer (LVDT) means interfaced with a computer control
module responsive to a weight profile and moisture scanner, which computer in turn actuates the stepping
motors of the actuating screws for required slice lip positioning. Slice lip deflection and deformation is
governed by the material from which the slice lip is made and the shape of such material whilst the
actuating mechanism of the slice lip is of sufficient rigidity and is unaffected by short term thermal effects,

An object of the present invention is to provide a system and process for controlling a thickness
regulating member wherein the physical characteristics of the thickness regulating member are taken into
consideration prior to using the system to control the manufacture of a sheet material.

Further objects and advantages of the present invention can be ascertained by reference to the
specification and drawings which are offered by way of example and not in limitation of the invention
which is defined by the claims thereto.

Figure 1 is a schematic illustration of a paper making system according to one embodiment of the
present invention. :

Figure 2 is an expanded view of one part of the system shown in Figure 1.

Figure 3 is a graph illustrating one mode of operation of the present embodiment.

As shown in Figure 1, the present embodiment includes a headbox 10 to contain paper pulp. The head-
box 10 includes a plurality of control members 12 coupied to a slice lip 14. Below the slice lip 14 is located
the slice opening 16 through which the paper pulp is distributed onto a moving Fourdrinier wire 20. In
accordance with conventional paper making processes the sheet of paper 22 is processed in a drier 24 and
then rolled for shipment onto a reel 26. A scanner 30 is positioned across the sheet 22 near the reel 26. The
scanner 30 is conventional and will not be described in detail herein. The scanner has two gauges, a basis
weight gauge 32 and a moisture gauge 34, which move back and forth across the moving sheet and
simultaneously measure the basis weight and moisture of the sheet. The gauges 32 and 34 produce
electrical signals corresponding to the measured property of the sheet, and the electrical signals are
transmitted to a controiler 36. The controller 36 includes a computer to process information received from
the gauges 32 and 34, and the controller also includes means coupled to the controi means 12 to control the
operation thereof.

Figure 2 shows details of the control members 12. Each member 12 inciudes a support tube 40 which is
connected to the side of the headbox 10 by mounting brackets 42. A screw jack 44 is coupled to the upper
end of the support tube 40, and a knob 46 is coupled to the upper end of the screw 44. To the lower end of
the screw jack 44 is coupled a slice rod or actuator 45 which includes a heating element, not shown. The
slice rod 45 is hollow, and the heating element extends substantiaily the full length of the interior of slice
rod 45. The heating element is a pair of electrically insulated wires so that when current is applied the wires



20

25

30

35

40

45

50

55

60

65

EP 0189 311 Bt

heat thereby heating the slice rod. A wire pair 51 is coupled to the heating element and extends out of the
tube 40 for coupling to a power source.

Each connector 50 has a threaded hole, not shown, formed therein to accept a slice rod 45, and the rods
45 are threaded at their lower ends to permit the rods to be screwed into the connectors 50. Each connector
50 has a mounting member 54 formed on its lower end to cooperate with the slice lip 14.

When electric current is applied to the wires 51, the heating element is heated thus heating the rod 45
so that it expands and becomes longer, thus forcing the slice lip 14 downward. On the other hand, when no
current is applied the heating element cools and the rod 45 contracts. For further discussion of the control
members 12, see U.S. Patent 4,406,740 titled "“Apparatus for Effecting the Fine Adjustment of the Lip of a
Headbox of a Paper Making Machine” assigned to Chleg Frote et Cie.

The slice lip 14 extends the length of the headbox and had a substantiaily flat side which fits flush
against the front wall of the headbox 10. The opposing side of the slice lip 14 is curved and has a notch 56 to
cooperate with the mounting member 54 so that vertical movements of a connector 50 results in
corresponding vertical movement of the portion of the slice lip to which the connector is coupled. Behind
the slice lip 14 the front face of the headbox 10 has a slice opening 16 to permit pulp to flow from the head-
box onto the wire above a forming board 60. Thus it can be seen that the shape of the lower edge of the
slice lip 14 determines the configuration of the flow of pulp from the slice opening 16. That is, if a portion of
the slice lip 14 is raised, more pulp will be allowed to flow through the slice opening 16, and if a portion of
the slice lip 14 is lowered toward the forming board 60, the slice opening will be correspondingly reduced
in height thereby restricting the flow of pulp through the slice opening. Thus, it can be seen that the
operation of the slice rods or actuators 45 can be used to control the basis weight of the paper measured by
the gauge 32.

We have found that control of the actuators can advantageously be based upon certain information
which is predetermined prior to operation of the system.

Prior to operation of the system, two matrices are determined.

Ra=-0......0q
1-210...0
g1-210..0
0...01-21
0. . 0
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n = the number of actuators coupled to the slice lip.

Each of the above matrices is derived by modeiling the slice lip as an elastic beam supported by elastic
supports and loaded at the actuators. Such systems are well analyzed in mechanical and civil engineering
disciplines, and various approximations are weil known. For the particular application for headbox slice lip
control we have chosen an approximation which is to consider the slice lip as a slender elastic beam, and
its deflections small with respect to its other dimensions. This allows approximation of the radius of
curvature at any point of the beam as 1/R = y"/, where y is displacement, and allows expression of the
relationship between the moment, M, and the curvatureas M = E | y"', where E is the modulus of elasticity
and | is the moment of inertia. in practice, the slice rods 45 are relatively thin and flexible. This allows for a
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reasonable assumption that the rods apply forces only, and the torques exerted by the rods are negligibie.
The behavior of the slice lip segments between two adjacent actuators can be expressed in terms of
moments acting at the two ends of each segment. The neighboring ends of two adjacent segments must
assure the continuity of the slice lip, and hence the positions and slopes at the neighboring ends must
equal each other. This way one can express (n-1} relations, where (n) is the number of rods along the slice
lips and where 1 is the distance between rods, as,

TM A2+ M+ 1 M =6BEM + L. (e =i+ Lo+ Tl + 1y 2)

The moments arise primarily from the forces exerted by the rods and can be expressed in (n-1) equations
as,

M|—M|_1=11F1+12F2+-..+1|_1F|_1
In equilibrium, all forces acting on the slice lip must add up to zero, expressed as,
Fi+F+...+F =0

Since the forces emerge due to the loading of the rods, causing them to deform practically in an elastic
manner,

Fi=k(zi—-v)

The collection of these equations can be soived to express the necessary displacement of the rods (z)) to
result in a slice lip shape (y).

Thus it can be seen that the matrices R,, A, P, and D, are based on the assumptions of equal spacing
between the rods; all force on the slice lip is acting at the rods; and all rods are identicai. In the event that
any or alli of these assumptions is not satisfied, different matrices could be computed. However, as a
practical matter, we have found that the above-identified matrices would be applicable to most practical
cases.

Once matrices A and R, have been determined then certain physical parameters of the system must be
determined aiso. In particular, the following must be determined based upon a physical experiments or
information form the manufacturer of the equipment.

E, the modulus of elasticity of the slice lip;

I, the cross sectional moment of inertia of the slice lip;

k, the spring constant of the slice rod 45;

I, the distance between slice rods.

Once this invention has been determined or computed, the information is fed into the computer of the
controller 36. Then the system can be installed in the fieid and operated according to the following
equation:

-1 6El

- TSz RIFIDY

in this equation, Z equals a vector of the required slice rod movements Y equals a vector of required
displacements of the thickness reguiator member at each actuator, J equals the identity matrix and the
other variables are as discussed above. In more general terms, the required slice rod movements are a
function of the required displacements and physical parameters of the system, i.e.

Z=1(Y,E 1 k1)

In some circumstances, it may not be convenient to determine the parameters E, I, k based on data
provided by the manufacturer of the hardware. In such cases, an operator in the fieid can u‘tlllze. 'fhe
following procedure to develop a parameter ¢, which can be used in place of the parameters identified
above. Specifically, with reference to Figure 3, a series of curves have been developed shownqg roq number
versus displacement of the slice lip when a single rod, for example, rod 10 is moved in one direction. Tests
have shown that if the parameter c is a certain value, say C1, and rod 10 is displaced a distaqce )_(1 then thg
slice lip in the area adjacent the rod 10 will be displaced as shown on the curve C1.. Likewise, if rod 10 is
displaced a distance X2 then the slice lip adjacent the rod 10 will be displaced acco.rdm_g to curve C_2, and if
parameter ¢ has the value C3 and rod 10 is displaced a distance X3 then the slice ll'p wiil be.dlsplaced
according to the curve C3. Once the parameter C has been determined, then the following equation can be
used to operate the system.

Z =[Al""cfRa] + U1Y

4
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It should be understood that aithough one particular type of actuator is taught herein, the present
invention is likewise applicable to other types of actuators. For example, plastic extruders and other sheet
material processes employing actuators of the type taught herein or actuators which are hydraulically
powered or motor driven are appropriate for application of the present invention.

Claims

1. A process for controlling the configuration of a thickness-regulating member such as a slice slip (14)
for controlling the formation of sheet material such as paper {22) wherein said thickness-regulating
member (14) is coupled to a plurality of actuators (12) for actuation thereby and wherein the operation of
said actuators (12) is controlled by control means (32, 34, 36) responsive to the condition of the sheet
material or paper (22} characterised by:—

(a) determining at least one matrix by modelling a said thickness-regulating member (14) and actuator
system (12) as an elastic system,

(b) determining movements of the actuators (12) required to substantially obtain the desired
configuration of the thickness-regulating member (14) based upon said determined at least one matrix, and

(c) following determination of said at least one matrix determining the following parameters namely;
spring constants of the actuators (12), modulus of elasticity of the thickness-regulating member (14), cross
sectional moment of inertia of the thickness-regulating member (14), and the distances between the
actuators {12).

2. A process according to claim 1 wherein determination of movements of the actuators (12) required
to substantially obtain the desired configuration of the thickness-regulating member (14) is in accordance
with the following equation viz:—

-1 6El

T- ATy

where:—
Z = required movements of the actuators (12).
Y = required displacements of the thickness-regulating member {14) at each actuator (12).
E = modules of elasticity of the thickness-regulating member (14)
| = cross-sectional movement of inertia of the thickness-regulating member (14).
k = spring constant of an actuator (12).
| = distance between actuators {12).
[A] = a first predetermined matrix.
[J] = identity matrix.
[R.] = a second predetermined matrix.
3. A process according to claim 2 wherein,

[A] (P4](04] where:

Pa=[100....0
1410...0
00...141
00....0

Dy=[0123... (n-1)]
00123..(

number of actuators (12)

b=}
1]
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4. A process according to claim 2 wherein:

Ry = [0 .
1-2
01

[AS I o)
— O
[ N e N o]

. 0] . . .

e
J
NQ

0...0
0

Patentanspriiche

1. Verfahren zum Steuern der Konfiguration eines Dicken-Einstellglieds, zum Beispiel einer Schieber-
Lippe (14) zum Steuern des Ausformens von Lagenmaterial z.B. Papier (22), wobei das Dicken-Einsteliglied
(14) mit einer Vielzah! von Betitigern zum Betétigen gekoppelt ist, wobei die Arbeit des Betétigers (12) von
Steuermitteln (32, 34, 36) gesteuert wird, die auf den Zustand des Lagenmaterials oder Papiers (22)
ansprechen, gekennzeichnet durch die folgenden Verfahrensschritte:

(a) Bestimmen von zumindest einer Matrix durch Modellbetrachtung eines solchen Dicken-Einsteli-
glieds (14} und Betétigersystems (12) als ein Schwingungssystem (Elastic-System),

(b) Bestimmen der Bewegungen der Betétiger (12), die erforderlich sind, um im wesentlichen die
gewlinschte Auslegung des Dick-Einstellglieds (14) zu erhaiten, ausgehend von der bestimmten
mindestens einen Matriz, und

(c) Ausfilhren der mindestens einen Matrix, weiche die folgenden Parameter bestimmt: Federkon-
stanten der Betatiger (12), Elastizititmodul des Dicken-Einsteliglieds (14), Querschnitts-Tragheitsmoment
des Dicken-Einsteilglieds {14) und Abstand zwischen den Betétigern (12).

2. Verfahren nach Anspruch 1, wobei die Bestimmung der Bewegungen der Betétiger (12), die erforder-
lich sind, um im wesentlichen die gewiinschte Auslegung des Dicken-Einstellglieds (14) zu erhaiten,
entsprechend der folgenden Gleichung erfolgt:

- -1 6El v
= A R + [J] Y
T= A1 53l al
mit:_
Z = erforderliche Bewegungen der Betétiger (12)
Y = erforderliche Verschiebungen des Dicke-Einsteliglieds (14) bei jedem Betatiger (12),
E = Elastizititsmodul des Dicken-Einstellglieds (14),
| = Querschnitts-Tragheitsmoment des Dicken-Einsteliglieds (14)
k = Federkonstante eines Betatigers (12),
| = Entfernung zwischen den Betétigern (12),
[A]l = eine erste vorbestimmte Matrix
[J] = Identitdtsmatrix,
[R.] = eine zweite vorbestimmte Matrix.
3. Verfahren nach Anspruch 2, wobei gilt:
[A] = [Pa](Da]
mit:
Pa = 100. ... 0
1410...0
00...141
00....00
p,=[0123...(n1)]
00123..(n2)
00..... 1
11..... 1
n = Anzahl der Betdtiger (12).
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4. Verfahren nach Anspruch 2, wobei gilt:

Ra = 0 - L] - - L} - 0
1-2 1 0 . ¢ o 0
0l1l-210. .0
0 a o @ 0 1-2
0......0
Revendications
1. Un procédé pour commander la configuration d’un élément de réglage d’'épaisseur tel qu’un régle
(14) prévu pour commander la formation d’une matiére en feuille telle que du papier (22), dans lequel

I'élément de réglage d’épaisseur (14) est accouplé a un ensemble d’actionneurs (12} pour étre actionné par
ceux-ci, et dans lequel le fonctionnement des actionneurs (12) est commandé par des moyens de
commande (32, 34, 36) sous la dépendance de la condition du matériau en feuille ou du papier (22),
caractérisé en ce que;

(a) on détermine au moins une matrice en modélisant un élément de réglage d’'épaisseur (14) et un
systéme d’actionneurs (12), sous la forme d’un systéme élastique,

(b) on détermine des mouvements des actionneurs {(12) qui sont nécessaires pour obtenir
pratiquement la configuration désirée de I'élément de réglage d’'épaisseur (14), sur la base de la matrice, ou
des matrices, qui ont été déterminées, et

{c) & la suite de la détermination d’une ou de piusieurs matrices, on détermine les parameétres suivants:
constantes élastiques des actionneurs (12), module d’élasticité de I'élément de réglagé d'épaisseur (14),
moment d'inertie de la section droite de I'élément de régulation d'épaisseur (14), et distances entre les
actionneurs {12).

2. Un procédé selon la revendication 1, dans lequel la détermination des mouvements des actionneurs
{12) qui sont nécessaires pour obtenir pratiquement la configuration désirée de |’élément de réglage
d'épaisseur (14) s'effectue conformément a I'équation suivante:

7. WTETRI LD T
dans laquelie:

Z = mouvements exigés des actionneurs (12).
Y = déplacements exigés pour l'élément de régulation d'épaisseur (14) au niveau de chaque
actionneur (12).
E = module d'élasticité de I'élement de réglage d'épaisseur {14).
| = moment d'inertie de la section droite d I'éiémente de régulation d'épaisseur (14).
k = constante élastique d'un actionneur (12).
| = distance entre actionneurs (12).
[A] = une premiére matrice prédéterminée.
[J] = matrice unité.
[Ra] = une seconde matrice prédéterminée.
3. Un procédé selon ia revendication 2, dans lequel

(] = [PaJ(0a] avec

0. ...
10. ..

SR |

Py =

—
o0 O
[}

[ I -
O OO0

o
(.Y
"

0
0
0
0

— N

.
»
.
.
.

00..... 1
11, ... L

n = nombre d'actionneurs (12).
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4. Un procédé selon la revendication 2, dans lequel

Ra

0. .. ... 0
1-210...0
01-210..0
0...0121
0. ..... 0
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FIG. 2
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