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Description

[0001] In the casting of slabs, it is possible because
of different requirements placed on the quality of the
steel that the slabs vary in their thickness or width. This
may occur, for example, between two sections of a slab
having different thicknesses at a so-called tapered piece
having either an increasing or decreasing thickness. Ta-
pered pieces of this type are usually removed and melt-
ed again.

[0002] The DE-A-14 27 804 discloses a method to
compensate for the natural variation of the slab caused
by the cooling process by controlling the roll gap of the
roll stands on the basis of thickness measurements of
the slab.

[0003] The DE-A-16 02 203 discloses a drive unit for
the rolling of stripes being capable of maintaining an al-
most constant tension in the material between roll
stands by controlling the torque of the motors of the roll
stands.

[0004] An object of the invention is to provide a meth-
od and a system that will enable slabs to be rolled with-
out having to remove tapered pieces, in that the tapered
pieces can be rolled at the same time while maintaining
quality requirements.

[0005] The means for attaining this object is a method
or a system for rolling slabs, in particular slabs, whose
thickness varies over their length, using at least two roll
stands. When advancing a slab through the first and
second roll stands, by means of a control mechanism a
substantially constant and preferably low tension is
maintained in the slab between the first and the second
roll stand and a substantially constant thickness of the
slab is maintained at an output of both roll stands. The
tension in the slab is kept constant by the control mech-
anism by maintaining the rotational speed of the first roll
stand and the torque of the second roll stand substan-
tially constant. However, until the desired nominal ten-
sion is built up in the slab between the first and the sec-
ond roll stand, the speed of the second roll stand is held
steady and the torque in the first roll stand is controlled
so as to build up the desired nominal tension in the slab
between the first and the second roll stand. After the
desired nominal tension between the first and the sec-
ond roll stand is attained, the control mechanism is
switched over so as to hold steady the rotational speed
in the first roll stand and the torque in the second roll
stand.

[0006] It has proven to be advantageous not to control
the tension directly, but rather by way of a corresponding
reference torque. In so doing, it is not the tension in the
slab, but rather the torque in the respective roll stand
that is measured and is compared to a reference torque
that corresponds to the nominal tension in the slab.
Thus, the system deviation does not constitute the dif-
ference between the reference tension and the tension
in the slab, but rather the difference between the refer-
ence torque and the torque in the respective roll stand.
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[0007] Other advantages and inventive details are re-
vealed in the following detailed description of an exem-
plary embodiment with reference to the drawings.

Figure 1  is a side view of a slab with varying thick-
ness;

Figure 2  is a side view of an alternative slab with var-
ying thickness;

Figure 3 is a block diagram illustrating a system in
accordance with the invention for rolling
slabs;

Figure 4 is a block diagram of a state transition dia-
gram;

Figure 5 is a block diagram illustrating torque control
for the first roll stand;

Figure 6 is a block diagram illustrating torque control
for the second roll stand; and

Figure 7 is a block diagram illustrating alternate
torque control for the second roll stand.

[0008] Figure 1 depicts a slab 1 with a varying thick-

ness. The slab has a large size portion 2 and a small
size portion 4, with the slab in the region of the large
size portion 2 being thicker than in the region of the small
size portion 4. Between the region of the large size por-
tion 2 and the region of the small size portion 4 of the
slab 1 is a region of varying thickness, i.e., a tapered
piece 3, which makes up the thickness transition be-
tween the small size portion 4 and the large size portion
2. These tapered pieces are usually removed, and the
large size portion 2 and the small size portion 4 are rolled
separately. When working with the system according to
the invention, the slab 1 can be continually rolled while
maintaining a high quality without having to sever the
slab in the area of the tapered piece 3.

[0009] Figure 2 shows a slab 1 having a varying thick-
ness as an alternative to the slab of Figure 1. It likewise
has a large size portion 2 and a small size portion 4.
Between the region of the large size portion 2 and the
region of the small size portion 4 of the slab 1 is likewise
a region of a varying thickness, the tapered piece 3.
[0010] Figure 3 shows a system according to the in-
vention for rolling slabs of different thickness while main-
taining a high quality. The system has two roll stands: a
first roll stand 6 and a second roll stand 7 for rolling the
slab 5. The roll gap position of the roll stands 6 and 7 is
adjusted by control elements 8 and 9. The roll gap of the
roll stand 8 is controlled by the control element 8 so as
to maintain a constant thickness of the material between
roll stands 6 and 7. The control element 8 also supplies
a value for the roll force 12. The rotational roll speed for
the first roll stand 6 is regulated by a rotational speed
regulator 31, and the roll torque of the second roll stand
7 by a torque regulator 32. The speed regulator 31 has
a current control section 19 and a speed control section
20. The torque regulator 32 has a current control section
28, a rotational-speed control section 29, and a torque
control section 30. In addition, the system has one
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torque sensor 11 and 15 for each of the two roll stands
6 and 7. Alternatively to each one of the torque sensors
11 and 15, the system has one load-torque observer 21
and 14 associated with each roll stand 6 and 7. Each of
the two load-torque observers 14 and 21 determines a
value for the load torque 33 or 34 from values for the
motor current 17 or 26 and the roll rotational speed 18
or 27. A tensile-force regulator 13 supplies the manipu-
lated variables for the regulators 31 and 32, nominal
speed 22 and nominal torque 23. It determines the nom-
inal speed 22 and the nominal torque 23 from the roll
force 12 of the first stand 6, as well as from the values
for the load torque 16 and 25 or 33 and 34, which are
generated by the load-torque observers 14 and 21 or
alternatively, measured by the torque sensors 11 and
15.

[0011] Figure 4 illustrates a state transition diagram
for a train of rolls, which is controlled with the method
according to the invention. The train of rolls is initially in
the state 40, i.e., the state in which the slab is first rolled
with the first roll stand, but has not yet reached the sec-
ond roll stand. In this state, the values that are independ-
ent of the strip tension in a tension-free state are deter-
mined in the first roll stand for the roll force and the roll
torque. When the slab reaches the second roll stand,
the system turns to state 42. In state 42, the slabis rolled
by both roll stands, however, the nominal tension in the
slab desired between the first arid the second roll stand
is not yet reached. In state 42, the rotational speed in
the second roll stand is kept constant, and the torque in
the first roll stand is regulated so as to build up the ten-
sion desired in the slab between the first and the second
roll stand. If the desired tension is reached in the slab
between the first and the second roll stand, then the sys-
tem turns to state 43.

The actual and nominal tension are advantageously not
directly compared, but rather through a comparison be-
tween the actual roll torque and a reference torque. One
can thus eliminate a tensile measurement. In state 43,
the rotational speeds of roll stands 6 and 7 are main-
tained constant until the nominal values for rolling torque
of the roll stand 7 at steady-state tension are measured
using the torque sensor 15 or the load torque observer
21. In state 44, the rotational speed of the first roll stand
and the torque of the second roll stand are kept con-
stant.

[0012] Figure 5 depicts a closed-loop control of rolling
torque for the first roll stand. Input variables of the
closed-loop control are the roll force 86 of the first roll
stand, a signal 87, which indicates the slab being
passed into the first roll stand, a signal 88, which indi-
cates the slab being passed into the second roll stand,
the roll torque 89 in the first roll stand, as well as a hold
signal 90. The output variable of the closed-loop control
is a manipulated variable 91 for the motor speed. The
measured value of the roll force 86 is initially smoothed
through two low-pass filters 73 and 74. Both low-pass
filters 73 and 74 smooth the measured value of the roll
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force 86, however, they can be realized with different
time constants. From the output signal of the low-pass
filter 74, an average value is generated in a signal av-
erager 75. The averaging takes place during the time in
which the slab is passed into the first roll stand, but not
yet into the second roll stand. For this purpose, the av-
erager 75 is fed the signal 87, which signals the guiding
of the slab into the first roll stand, and the signal 88,
which signals the guiding of the slab into the second roll
stand. In a downstream divider 76, the output signal
from the low-pass filter 73 is divided by the output signal
from the averager 75.

[0013] The measured value of the roll torque 89 of the
first roll stand is likewise low-pass filtered. To this end,
the control has two other low-pass filters 78 and 79,
which smooth the measured value of the roll torque 89.
The output signal from the low-pass filter 78 is fed to an
averager 80, which generates an average value of the
roll torque analogously to the averaging of the roll force
by means of the averager 80. The output signal from the
averager 80 is multiplied by the output signal from the
divider 76 in a multiplication block 81. By multiplying the
output signal from the multiplier 81 by a constant C in
the multiplier 82, a reference torque M is attained,
which is used as a variable that is equivalent to the strip
tension for controlling strip tension. The reference
torque M, is fed as a setpoint variable to a Pl controller
83. As an actual value, the Pl-controller 83 receives the
measured value of the roll torque 89, which is smoothed
by the low-pass filter 79. The output signal from the PI
controller 83 is smoothed in a low-pass filter 84. The
output signal from the low-pass filter 84 is supplied to a
switch 85. The switch 85 switches through the output
signal from the low-pass filter 84 as a manipulated var-
iable 91 for controlling the first roll stand speed after the
slab has been passed into the second roll stand. For this
purpose, a signal 92, which is applied to the output of
an AND gate 77 for gating the signals 87 and 88, is fed
to the switch 85. To limit the Pl-controller 83, given an
open control loop, a hold signal 90, which holds the in-
tegrator of the Pl-controller 83 to a value that corre-
sponds to the maximum motor torque, is fed to the PI-
controller 83.

[0014] Figure 6 illustrates a closed-loop control struc-
ture for controlling torque in the second roll stand. For
controlling torque in the second roll stand, the measured
value of the torque 50 in the second roll stand is initially
smoothed in two low-pass filters 45 and 46. A setpoint
value My, for the torque in the second roll stand is gen-
erated from the signal of the roll torque of the second
roll stand smoothed by the low-pass filter 45. The aver-
age value is generated by applying a signal 52 which
signals that the nominal tension in the slab has been
reached. The signal 52 is fed to a lag element 51, which
delays the signal 52 over N sampling steps. After the N
sampling steps have elapsed, the average value gener-
ation in the averager 44 is halted. The setpoint value
My, i-e., the time average of the smoothed measured
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values My, forms the setpoint variable for a downstream
Pl controller 47. Therefore, the setpoint value M,y is
generated in accordance with the equation:

[0015] The difference between the setpoint value My,
and the measured value of the torque in the second roll
stand 50 smoothed by the low-pass filter 46 makes up
the system deviation for the Pl controller 47.

[0016] If the desired motor torque determined by the
Pl-controller 47 exceeds the maximum possible motor
torque of the drive of the second roll stand, then the in-
tegrator of the Pl-controller 47 is held constant by the
signal 53 to a value that corresponds to the maximum
motor torque. The output signal from the Pl-controller
47 is filtered through a low-pass filter 48. The output of
the controller is released by the switch 49. By gating the
signal 52 with the signal 55 delayed by the lag element
51, it is ensured that the controller depicted in Figure 6
does not control the speed of the second roll stand until
after the average value generation has been completed
in the averager 44. Figure 7 shows an alternative to the
torque control of Figure 6. The values 56, 57 or 60 cor-
respond to the values 52, 55 or 50 of Figure 6, and the
functional blocks 58, 59, 61 or 62 correspond to the func-
tional blocks 51, 54, 45 or 44 of Figure 6. In contrast to
the averager 44 of Figure 6, the averager 62 of Figure
7 does not calculate a single value for the nominal
torque My, but rather an upper and a lower limit for lim-
iting the motor current for the second roll stand. These
limits amount advantageously to = 1 % of the nominal
torque Mpy,. Until the average value generation in the
averager 62 is concluded, one works with standard lim-
its 63. After conclusion of the averaging, the switch-over
is made by means of the switch 64 from standard limits
63 to the limits 71 produced by the averager 62. The
motor current 68 for driving the second roll stand is de-
termined by a Pl-speed controller 67, which is supplied
with a setpoint value for the motor speed 65 and with a
measured value of the rotational speed 66. However,
the Pl-controller 67 stipulates the setpoint value for the
motor current 68 in the form of a manipulated variable
72 only when said manipulated variable 72 is not re-
stricted by the limiter 69. For that reason, the block di-
agram of Figure 7 functions in the manner of a transfer
circuit, the rotational-speed closed-loop control being
overridden by a torque open-loop control, represented
by the functional blocks 58, 59, 61, 62 and 64.

Claims

1. A method of rolling a slab (1:5) having a variable
thickness along its length, which occure by casting
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a slab because of different requirements placed on
the quality of the steel, using first and second roll
stands (6,7), comprising advancing the slab (1;5)
through the first and second roll stands (6,7) by
means of a control mechanism

- maintaining a substantially constant, low ten-
sion in the slab (1;5) between the first and sec-
ond roll stands (6,7), and maintaining a sub-
stantially constant thickness of the slab (1;5) at
an output of both roll stands (6,7);

- further comprising maintaining rotational speed
of the first roll stand (6) and torque of the sec-
ond roll stand (7) substantially constant;

- further comprising maintaining a substantially
constant speed of the second roll stand (7) and
controlling a torque of the first roll stand (6) until
the desired substantially constanttension in the
slab (1;5) between the first and second roll
stands (6,7) is attained.

The method of Claim 1, wherein a reference torque
value (M, ) is determined from the desired tension
and the roll force (F,4) in the first roll stand (6).

The method of Claim 2, wherein the reference
torque value is determined in accordance with the
equation:

(F\”)

F

wim, AV

M,=CM, X

wherein:

Fui is the active roll force in the first roll stand
(6);

is the roll force in the first roll stand (6)
before the slab (1;5) reaches the second
roll stand (7);

I:w1 LAV

Myt av s the torque in the first roll stand (6) be-
fore the slab (1;5) reaches the second
roll stand (7); and

C is a factor for adjusting the desired nom-

inal tension.

The method of Claim 3, wherein the factor C is de-
termined by the equation:

C=1- R1Tref
My1.av
wherein:
R4 is the roll diameter of the first roll stand (6);
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and

ref I8 the desired nominal tension in the slab (1;
5) between the first and the second roll stand
(6, 7).

A system for rolling a slab (1;5) varying in thickness
along its length, which occur by casting a slab (1;5)
because of different requirements placed on the
quality of the steel, comprising

- atleast two roll stands (6,7) and means for ad-
vancing a slab (1;5) through the first and sec-
ond roll stands (6,7)

- acontrol mechanism

maintaining a substantially constant, low tension in
the slab (1;5) between the first and second roll
stands (6,7),

maintaining a substantially constant thickness of
the material at the outputs of both roll stands (6,7),
maintaining rotational speed of the first roll stand
(6) and torque of the second roll stand (7) substan-
tially constant after the desired substantially con-
stant tension in the slab (1;5) between the first and
second roll stands (6,7) is attained,

maintaining a substantially constant speed of the
second roll stand (7) and controlling the torque of
the first roll stand (6) until the desired substantially
constant tension in the slab (1;5) between the first
and second roll stands (6,7) is attained.

The system of Claim 5, further comprising an eval-
uation unit.

Patentanspriiche

1.

Verfahren zum Walzen einer Bramme (1; 5), die
Uber ihre Lange eine veranderliche Dicke aufweist,
die durch das GieRRen einer Bramme wegen unter-
schiedlicher, an die Qualitdt des Stahls gestellter
Anforderungen auftritt, unter Verwendung eines er-
sten und eines zweiten WalzgerUsts (6, 7) mit fol-
genden Schritten: Vorwartsbewegen der Bramme
(1; 5) durch das erste und zweite Walzgerust (6, 7)
und mittels eines Regelmechanismus

- Aufrechterhalten eines im wesentlichen kon-
stanten, niedrigen Zugs in der Bramme (1; 5)
zwischen dem ersten und zweiten Walzgerust
(6, 7) und Aufrechterhalten einer im wesentli-
chen konstanten Dicke der Bramme (1; 5) am
Ausgang beider Walzgeruste (6, 7);

- auflerdem mit dem im wesentlichen konstant
Halten der Drehzahl des ersten Walzgerusts
(6) und des zweiten Walzgertiists (7),

- aullerdem mit dem Aufrechterhalten einer im
wesentlichen konstanten Drehzahl des zweiten
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Walzgerists (7) und der Regelung eines Dreh-
moments des ersten Walzgertists (6) bis der im
wesentlichen konstante Zug in der Bramme (1;
5) zwischen dem ersten und zweiten Walzge-
rust (6, 7) erreicht ist.

Verfahren nach Anspruch 1, wobei ein Referenzmo-
mentwert (M) aus dem erwiinschten Zug und der
Walzkraft (F,,4) am ersten Walzgerist (6) ermittelt
wird.

Verfahren nach Anspruch 2, wobei der Referenz-
momentwert geman folgender Gleichung ermittelt
wird:

(Fw1)
Mref = CMy s av X £
wim,AV

wobei

Fuw1 die aktive Walzkraft in dem ersten Walz-
gerust (6) ist:

Fwiay  die Walzkraft in dem ersten WalzgerUst
(6) ist, bevor die Bramme (1; 5) das zwei-
te Walzgerust (7) erreicht;

Myt Ay das Drehmoment im ersten WalzgerUst

(6) ist, bevor die Bramme (1; 5) das zwei-
te Walzgerust (7) erreicht; und

C ein Faktor zur Anpassung des erwiinsch-
ten Sollzugs ist.

Verfahren nach Anspruch 3, wobei der Faktor C aus
folgender Gleichung ermittelt wird:

R,T

Mw1,AV

ref

C=1-

wobei:

R4 der Walzdurchmesser des ersten Walzge-
rusts (6), und

T der erwinschte Sollzug in der Bramme (1;
5) zwischen dem ersten und zweiten Walz-
gerust (6, 7) ist.

System zum Walzen einer Bramme (1; 5), die Gber
ihre Lange in der Dicke variiert, was durch das Gie-
3en einer Bramme wegen unterschiedlicher, an die
Qualitat des Stahls gerichteter Anforderungen auf-
tritt, und mit:

- zumindest zwei Walzgeriisten (6, 7) und Mitteln
zum Vorwartsbewegen einer Bramme (1; 5)
durch das erste und zweite Walzgerust (6, 7),

- einem Regelmechanismus,



9 EP 0 876 227 B1 10

der einen im wesentlichen konstanten, niedrigen
Zug in der Bramme (1; 5) zwischen dem ersten und
zweiten Walzgertst (6, 7) aufrechterhalt,

der eine im wesentlichen konstante Dicke des Ma-
terials an den Ausgéngen beider Walzgeriste (6, 7)
aufrechterhalt,

der die Drehzahl des ersten Walzgerists (6) und
das Drehmoment des zweiten Walzgerists (7) im
wesentlichen konstant halt, nachdem der er-
wlinschte, im wesentlichen konstante Zug in der
Bramme (1; 5) zwischen dem ersten und zweiten
Walzgerust (6, 7) erreicht ist,

der eine im wesentlichen konstante Geschwindig-
keit des zweiten Walzgerusts (7) aufrechterhalt und
das Drehmoment des ersten Walzgerusts (6) regelt,
bis der erwiinschte, im wesentlichen konstante Zug
in der Bramme (1; 5) zwischen dem ersten und
zweiten Walzgerust (6, 7) erreicht ist.

System nach Anspruch 5 aulerdem mit einer Aus-
werteeinheit.

Revendications

Procédé de laminage d'une brame (1 ; 5) ayant une
épaisseur variable le long de sa longueur, ce qui se
produit en coulant une brame en raison d'exigences
différentes sur la qualité de I'acier, en utilisant une
premiére et une deuxiéme cage (6, 7) de laminoir,
qui consiste a faire avancer la brame (1 ; 5) dans la
premiéere et dans la deuxiéme cages (6, 7) de lami-
noir au moyen d'un mécanisme de commande

- a maintenir une tension basse sensiblement
constante dans la brame (1 ; 5) entre la premie-
re et la deuxiéme cages (6, 7) de laminoir, et a
maintenir une épaisseur sensiblement cons-
tante de la brame (1 ; 5) a une sortie des deux
cages (6, 7) de laminoir ;

- enoutre a maintenir une vitesse de rotation de
la premiére cage (6) de laminoir et un couple
de la deuxiéme cage (7) de laminoir sensible-
ment constant ;

- amaintenir en outre une vitesse sensiblement
constante de la deuxiéme cage (7) de laminoir
et a commander un couple de la premiére cage
(6) de laminoir jusqu'a ce que la tension sensi-
blement constante qui est souhaitée dans la
brame (1 ; 5) entre la premiére et la deuxiéme
cages (6, 7) de laminoir soit atteinte.

Procédé suivant la revendication 1, dans lequel on
détermine une valeur de référence de couple (M)
a partir de la tension souhaitée et de la force (F,,4)
de laminage dans la premiére cage (6) de laminoir.

Procédé suivant la revendication 2, dans lequel on
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détermine la valeur de référence de couple suivant
I'équation :

(Fw‘])

Mrer = C Myyq av X F
wim,AV

dans laquelle :
Fuw1 est la force active de laminage dans la
premiére cage (6) de laminoir ;
est la force de laminage dans la premiere
cage (6) de laminoir avant que la brame
(1; 5) n'atteigne la deuxiéme cage (7) de
laminoir ;
est le couple dans la premiére cage (6)
de laminoir avant que la brame (1; 5)
n'atteigne la deuxiéeme cage (7) de
laminoir ; et
C est un facteur pour régler la tension no-

minale souhaitée.

I:w1 LAV

My av

Procédé suivant la revendication 3, dans lequel on
détermine le facteur C par I'équation :

_ R1Tref

c=1
My1av

dans laquelle :

R4 estle diametre du cylindre de la premiére ca-
ge (6) de laminoir ; et

est la tension nominale souhaitée dans la
brame (1 ; 5) entre la premiéere cage (6) et la
deuxiéme cage (7) de laminoir.

ref

Systéme de laminage d'une brame (1; 5) dont
I'épaisseur varie le long de sa longueur, ce qui se
produit en coulant une brame (1 ; 5) en raison d'exi-
gences différentes sur la qualité de I'acier, compre-
nant

- au moins deux cages (6, 7) de laminoir et des
moyens pour faire avancer une brame (1 ; 5)
dans la premiere et la deuxieme cages (6, 7)
de laminoir

- un mécanisme de commande

maintenant une tension basse sensiblement
constante dans la brame (1 ; 5) entre la premiére et
la deuxiéme cages (6, 7) de laminair,

maintenant une épaisseur sensiblement
constante du matériau aux sorties des deux cages
(6, 7) de laminoir,

maintenant une vitesse de rotation de la pre-
miére cage (6) de laminoir et un couple de la deuxie-
me cage (7) de laminoir sensiblement constante



11 EP 0 876 227 B1

aprés que la tension sensiblement constante sou-
haitée dans la brame (1 ; 5) entre la premiere et la
deuxiéme cages (6, 7) de laminoir est atteinte,
maintenant une vitesse sensiblement cons-
tante de la deuxieme cage (7) de laminoir et com-
mandant le couple de la premiére cage (6) de lami-
noir jusqu'a ce que la tension sensiblement cons-
tante souhaitée dans la brame (1 ; 5) entre la pre-
miére et la deuxiéme (6, 7) de laminage est atteinte.

Systéme suivant la revendication 5, comprenant en
outre une unité d'évaluation.
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