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Description

This invention relates to a single stand rolling mill to
roll metal strip and to the operation of a single stand roll-
ing mill.

A single stand rolling mill for rolling metal strip is
normally set to run at a rolling speed determined by the
mill operator. After the strip has been threaded into the
mill, the mill is accelerated up to a speed level which is
fixed by the operator. The mill speed remains at this
level while most of the strip is rolled and, when the tail
end of the strip approaches the mill, the speed is
reduced in order for the tail end to be rolled and handled
without damage. To adjust the speed of the mill, the
operator alters a mill speed reference signal applied to
the closed loop speed control system and the control
system follows this reference.

It is usual for the rolling mill to have its rolls rotated
at a constant speed and the uncoiler from which the
strip is uncoiled and the coiler onto which the strip is
coiled then take up appropriate speeds which are deter-
mined by the entry/exit speeds of the mill and the ten-
sion levels between the uncoiler and the mill and
between the mill and the coiler, respectively. If one of
these tension levels changes, the speed of the respec-
tive uncoiler or coiler is changed to re-establish the orig-
inal tension level.

Mill speed is usually the term applied to the circum-
ferential speed of the mill rolls and is usually taken to be
an indicator of the speed of the outgoing rolled strip;
however, this is not strictly true because there is "for-
ward slip” between the rotating rolls and the strip. This
is created by the mechanics of the roll bite and it
changes under the influences of; lubrication between
the rolls and the strip; of rolling load and of tension devi-
ations. Roll load variations occur as a result of changes
in strip entry thickness requiring load changes needed
to remove these thickness variations.

In GB-A2137778 (nearest prior art) there is dis-
closed a forward slip control system for a rolling mill
which comprises a sensor for detecting the velocity of
strip leaving the mill, a sensor for detecting the periph-
eral velocity of one of the rolls, and an arithmetic unit for
calculating the forward slip of the strip relative to the roll.
From this value of forward slip a drive controller is
arranged to control the actual peripheral velocity of the
other roll in order to achieve the desired forward slip
value.

Speed variations in outgoing strip from the rolling
mill necessitate corresponding variations in the speed
of rotation of the coiler. The inertia of a coiler varies in
dependence of the thickness of the coil of strip which is
wound on the coiler, the inertia being a maximum for a
full coil. This variation in inertia puts a strain on the drive
motor for the coiler and a high inertia increases the
response time of the control circuit.

It is an object of the present invention to operate a
single stand rolling mill such that unwanted effects of
slip variation on the quality of the rolled strip are
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reduced.

According to the present invention, in a method of
controlling the operation of a single stand strip rolling
mill wherein the strip leaving the mill is coiled on a coiler
wherein,

a signal representing the speed of the strip at a
position between the mill and the coiler is obtained
and characterised in that said signal is compared
with a signal representing the desired speed of the
strip leaving the mill to produce an error signal
which is used directly or indirectly to control the roll
drive means and hence the speed of rotation of
both mill rolls in the sense to reduce the error signal
substantially to zero.

According to the invention a rolling mill is provided
including the combination of features set out in inde-
pendent claim 4.

An advantage of the invention is to keep a substan-
tially constant coiling speed thereby reducing the
demands of the exit tension controller, thereby holding
more constant the level of outgoing tension, thereby
producing strip of a more constant thickness and coiled
tension.

In order that the invention may be more readily
understood, it will now be described, by way of example
only, with reference to the accompanying drawings, in
which:-

Figure 1 is a schematic circuit diagram of the usual
drive arrangement for a single stand rolling mill; and
Figures 2 and 3 are schematic circuit diagrams
showing the drive arrangement for a single stand
rolling mill in accordance with alternative embodi-
ments of the present invention.

A single stand rolling mill 1 has its work rolls driven
by separate drive shafts from a drive motor 3 via a gear
box 5. A coil of strip 7 on a driven pay-off reel 9 is
threaded through the mill and on to a coiler 11. Tachom-
eters 13 and 15 driven by the strip measure the ingoing
and outgoing speeds of the strip, respectively.

The main drive motor 3 is connected to a tachome-
ter 17 and a signal from this tachometer is compared in
a comparator 19 with a signal from an adjustable speed
reference source 21. The difference signal is used to
control a thyristor power unit 23 in the sense to adjust
the motor speed to the value set by the reference
source. Although the speed of rotation of the mill rolls is
kept substantially constant by the power unit 23, the lin-
ear speed of the outgoing strip from the mill changes
due to the variation of forward slip.

Referring to Figure 2, the tachometer 15, which pro-
vides a signal proportional to the speed of the strip
immediately prior to it being coiled, is connected to the
comparator 19 instead of the main drive tachometer. In
the comparator the signal is compared with the speed
reference signal from the source 21. Any difference
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between these signals is amplified and fed to the thyris-
tor power unit 23 where it is used to control the opera-
tion of the motor 3. Thus, the exit speed of the strip
material is kept substantially constant and the level of
outgoing tension is held more constant. The relationship
between the ingoing and outgoing speed of the strip is
substantially constant so entry speed changes are
reduced.

In an alternative embodiment, shown in Figure 3,
the main drive motor tachometer 17 is retained in the
motor control loop and a trim signal added to the speed
reference signal from the source 21. The comparator 19
receives signals from the tachometer 17 and a speed
reference 21 and also a trim signal obtained indirectly
from the exit tachometer 15. This signal from the
tachometer 15 and the speed reference signal are
applied to a control amplifier whose output representing
speed deviation serves as the trim signal. This trim sig-
nal is applied to the main drive motor control loop in
order to hold constant the exit speed for small perturba-
tions in exit speed. Large perturbations in exit speed will
cause main drive speed trim to hold steady (as the con-
trol amplifier 24 saturates) and then the coiler is allowed
to accelerate taking the main drive speed trim into its
active region.

In similar fashion, a high pass filter 25 could be fit-
ted into the main drive speed trim line thus allowing the
main drive motor to compensate for short term pertur-
bations in exit speed and the exit coiler to compensate
for long term perturbations in exit speed. These alterna-
tives are shown by the routing of exit speed signal in the
dotted or dashed lines.

As a result of the invention, the mill exit speed is
kept substantially constant during the rolling of all but
the front and tail ends of the strip during which the strip
is deliberately accelerated and decelerated respec-
tively. The entry speed of the strip is also kept substan-
tially constant. This results in reduced entry tension
changes and gauge errors of strip rolled in the mill are
reduced.

Claims

1. A method of controlling the operation of a single
stand strip rolling mill (1) wherein the strip leaving
the mill is coiled on a coiler (11) wherein,

a signal representing the speed of the strip at a
position between the mill and the coiler is
obtained and

characterised in that said signal is com-
pared with a signal representing the desired
speed of the strip leaving the mill to produce an
error signal which is used directly or indirectly
to control the roll drive means (3) and hence
the speed of rotation of both mill rolls in the
sense to reduce the error signal substantially to
zero.
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2. A method as claimed in claim 1 wherein both rolls
are driven by a single drive motor and character-
ised in that said error signal is employed directly to
control the speed of rotation of the drive motor.

3. A method as claimed in claim 1 wherein both of the
rolls are driven by a single drive motor, the speed of
rotation of the motor is compared with a desired
speed of rotation to produce an error signal which is
employed to control the speed of the motor in the
sense to reduce the error signal substantially to
zero and characterised in that the error signal rep-
resenting the difference between the actual and
desired speed of the strip is employed as a trim sig-
nal to control the speed of rotation of the motor.

4. A single stand strip rolling mill (1) having drive
means (3) for driving the mill rolls, a driven coiler
(11) downstream of the stand, means (15) for deter-
mining the speed of the strip between the mill stand
and the coiler,

characterised in the provision of means (19)
for comparing the speed of the strip with a desired
speed of the strip to produce an error signal which
serves to control the drive means (3) of the rolls in
the sense to reduce the error to zero.

5. Asingle stand strip rolling mill as claimed in claim 4
including means for determining the speed of rota-
tion of the drive motor, means for comparing the
speed of rotation with the desired speed of rotation
of the rolls and the error signal representing the dif-
ference between the actual speed and desired
speed of the strip to produce a control signal for
controlling the speed of rotation of the rolls.

Patentanspriiche

1. Verfahren zum Steuern des Betriebs eines einger-
stigen Bandwalzwerkes (1), wobei das Band, wel-
ches das Walzwerk verlaBt, in einem Coiler (11)
aufgewickelt wird, wobei ein Signal, welches die
Geschwindigkeit des Bandes an einer Position zwi-
schen dem Walzwerk und dem Coiler darstellt,
erhalten wird, und
dadurch gekennzeichnet, daB das Signal mit einem
Signal verglichen wird, welches die gewlnschte
Geschwindigkeit des Bandes darstellt, welches das
Walzwerk verlaBt, zum Erzeugen eines Fehlersi-
gnals, welches direkt oder indirekt zum Steuern der
Walzenantriebseinrichtung (3) und daher der Rota-
tionsgeschwindigkeit der beiden Walzwerk-Walzen
verwendet wird, um das Fehlersignal im wesentli-
chen auf Null zu verringern.

2. Verfahren nach Anspruch 1, bei welchem beide
Walzen durch einen einzelnen Antriebsmotor ange-
trieben werden,
dadurch gekennzeichnet, daB das Fehlersignal
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direkt zum Steuern der Rotationsgeschwindigkeit
des Antriebsmotors verwendet wird.

Verfahren nach Anspruch 1, bei welchem die durch
einen einzelnen Antriebsmotor angetriebenen Wal-
zen und die Rotationsgeschwindigkeit des Motors
mit einer gewlnschten Rotationsgeschwindigkeit
verglichen werden, um ein Fehlersignal zu erzeu-
gen, welches zum Steuern der Geschwindigkeit
des Motors verwendet wird, um das Fehlersignal im
wesentlichen auf Null zu verringern, und

dadurch gekennzeichnet, daB das Fehlersignal,
welches die Differenz zwischen der momentanen
und der gewlinschten Geschwindigkeit des Bandes
darstellt, als Einstellsignal zum Steuern der Rotati-
onsgeschwindigkeit des Motors verwendet wird.

Eingeriistiges Bandwalzwerk (1) mit einer Antriebs-
einrichung (3) zum Antreiben der Walzwerk-Wal-
zen, einem  angetriebenen  Coiler  (11)
materialfluBabwarts des Gerlistes, einer Einrich-
tung (15) zum Bestimmen der Geschwindigkeit des
Bandes zwischen dem Walzwerkgerlst und dem
Coiler,

dadurch gekennzeichnet, daB eine Einrichtung (19)
zum Vergleichen der Geschwindigkeit des Bandes
mit einer gewlnschten Geschwindigkeit des Ban-
des vorgesehen ist, zum Erzeugen eines Fehlersi-
gnals, welches die Steuerung der Antriebs-
einrichtung (3) der Walzen unterstiitzt, um den Feh-
ler auf Null zu verringern.

Eingerustiges Bandwalzwerk nach Anspruch 4, mit
einer Einrichtung zum Bestimmen der Rotationsge-
schwindigkeit des Antriebsmotors, einer Einrich-
tung zum Vergleichen der Rotationsgeschwindig-
keit mit der gewtinschten Rotationsgeschwindigkeit
der Walzen und dem Fehlersignal, welches die Dif-
ferenz zwischen der momentanen Geschwindigkeit
und der gewtinschten Geschwindigkeit des Bandes
darstellt, zum Erzeugen eines Steuerungssignals
zum Steuern der Rotationsgeschwindigkeit der
Walzen.

Revendications

Procédé de commande du fonctionnement d'un
laminoir réversible (1) & un seul montant dans
lequel la bande quittant le laminoir est enroulée sur
un bobinoir (11), dans lequel,

un signal représentant la vitesse de la bande
a une position située entre le laminoir et le bobinoir
est obtenu et

caractérisé en ce que ledit signal est com-
paré a un signal représentant la vitesse souhaitée
de la bande quittant le bobinoir pour produire un
signal d'erreur qui est utilisé directement ou indirec-
tement pour commander les moyens d'entraine-
ment (3) des cylindres et ainsi la vitesse de rotation
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des deux cylindres du laminoir afin de ramener le
signal d'erreur sensiblement a zéro.

Procédé selon la revendication 1, dans lequel les
deux cylindres sont entrainés par un moteur
d'entrainement unique et caractérisé en ce que
ledit signal d'erreur est utilisé directement pour
commander la vitesse de rotation du moteur
d'entrainement.

Procédé selon la revendication 1, dans lequel les
deux cylindres sont entrainés par un moteur
d'entrainement unique, la vitesse de rotation du
moteur est comparée a une vitesse de rotation sou-
haitée pour produire un signal d'erreur qui est uti-
lisé pour commander la vitesse du moteur afin de
ramener le signal d'erreur sensiblement a zéro et
caractérisé en ce que le signal d'erreur représen-
tant la différence entre la vitesse réelle et la vitesse
souhaitée de la bande est utilisé€ comme signal
d'ajustement pour commander la vitesse de rota-
tion du moteur.

Laminoir réversible (1) & un seul montant compre-
nant des moyens d'entrainement (3) permettant
d'entrainer les cylindres du laminoir, un bobinoir
entrainé (11) en aval du montant, des moyens (15)
permettant de déterminer la vitesse de la bande
entre le montant du laminoir et le bobinoir,

caractérisé par la présence de moyens (19)
permettant de comparer la vitesse de la bande a
une vitesse souhaitée de la bande pour produire un
signal d'erreur qui sert & commander les moyens
d'entrainement (3) des cylindres afin de ramener
l'erreur & zéro.

Laminoir réversible & un seul montant selon la
revendication 4, comprenant des moyens permet-
tant de déterminer la vitesse de rotation du moteur
d'entrainement, des moyens permettant de compa-
rer la vitesse de rotation a la vitesse de rotation
souhaitée des cylindres, et le signal d'erreur repré-
sentant la différence entre la vitesse réelle et la
vitesse souhaitée de la bande pour produire un
signal de commande destiné a commander la
vitesse de rotation des cylindres.
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