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Description

[0001] Theinvention is related to the field of long prod-
uct mills, and in particular to long product mills utilizing
tensionless or loop-less smartrolling or a method thereof
according to the preamble of claims 1 and 9.

[0002] Inter-stand tension is inherent in all long rolling
mills. The physical manifestation of tension is the differ-
ence in speed from one rolling mill stand to the other, in
theory the speed of each rolling mill stand is derived from
the work being carried out, however due to differences
in material spread, roll wear and stock control, the speed
between two rolling mill stands in a long products mill is
never 100% matched. This mismatch is called tension or
compression as the material can be pushed and or pulled
dependent on the error in speed between the two rolling
mill stands.

[0003] In the early part of a rolling mill, tension control
is managed using a minimum control tension system
(MTC). The MTC calculates the speed and torque for
each rolling mill stand allowing for speed adjustments.
Such a control arrangement is described by
JPS59118212A.

[0004] In the later part of the rolling mill, loopers are
utilized that are natural breaks in the mill rolling process.
A loop is formed to give an area of float or a buffer in the
continuous process between two rolling stands. This loop
can be pushed or pulled as the mill speed changes. If
the loop grows or shrinks out of a preset position the
rolling mill stands can adjust their speeds accordingly in
an attempt to maintain equilibrium.

[0005] The theory being thatwith the looperin the ideal
or dead band position, an error in speed between the
rolling mill stands is compensated for and the process
remains stable. A looper, however, never removes all
tension or compression in the mill as by nature the true
material speed is never known and the force of the push
or pull is inherent in the material. Loopers include me-
chanical and electrics/automation (EA) equipment that
has an added cost and they add length to the overall
rolling mill further adding to the overall cost of a rolling
mill line.

[0006] According to one aspect of the invention as
claimed in claim 1, there is provided a rolling mill for pro-
ducing rolling mill product. The rolling mill includes a roll-
ing mill line that moves the rolling mill product. A plurality
of rolling mill stands are coupled to the rolling mill line
that receives the rolling mill product and rolls the rolling
mill product. A plurality of speed measuring devices that
are positioned in close proximity to each rolling mill stand,
where each speed measuring device measures the
speed of the rolling mill product as it passes the speed
measuring devices. A control device receives information
associated with the speed measuring devices and ad-
justs the speed of the rolling mill product for any speed
differential that might exist between any of the rolling mill
stands, wherein the speed differential is the difference
between the actual speed of the rolling mill product with
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a calculated speed at a point on the rolling mill line.
[0007] According to another aspect of the invention,
as claimed in claim 9, there is provided a method for
producing rolling mill product in a rolling mill. The method
includes providing a rolling mill line that moves the rolling
mill product. Also, the method includes providing a plu-
rality of rolling mill stands that are coupled to the rolling
line that receives the rolling mill product and rolls the
rolling mill product. A plurality of speed measuring devic-
es are positioned in close proximity to each rolling mill
stand, where each speed measuring device measures
the speed of the rolling mill product as it passes the speed
measuring devices. Furthermore, the method includes
adjusting the speed of the rolling mill product for any
speed differential that might exist between any of the
rolling mill stands using a control device that receives
information associated with the speed measuring devic-
es, wherein the speed differential is the difference be-
tween the actual speed of the rolling mill product with a
calculated speed at a point on the rolling mill line.
[0008] These and further advantageous aspects of the
claimed invention will now be described in further detail
with reference to the accompanying drawings..

FIG. 1 is a schematic diagram illustrating the looper-
less rolling millarrangement used in accordance with
the invention; and

FIG. 2 is a schematic diagram illustrating another
embodiment of the looper-less rolling mill arrange-
ment used in accordance with the invention.

[0009] Theinvention describes a systematic approach
that eliminates the need for a mechanical looper in a roll-
ing mill and its associated control. The looper is replaced
with a simple laser velocimetry system and/or camera
arrangement where one laser is positioned in-between
each individual rolling mill stand. This can include ma-
chines of multiple rolls but with one drive motor.

[0010] Inthe prior art, the tension and loop control sys-
tems work from a theoretical speed calculated from a
theoretical working diameter. This diameter change is
dependent on the process section being rolled. Further-
more, as the material is rolled in the rolling mill, its area
is reduced and passes through each subsequent rolling
mill stand at higher velocities. This complicates a looper
design and control as enough buffer "storage" must be
accounted for each looper to effectively support and con-
trol smaller product or sections sizes.

[0011] As an example, if a section in question is trav-
elling at 15 m/s and the rolling stands in question have
the ability to adjust at 2.5 m/s/s. Then the required loop
storage for a speed differential of 3% would be 0.18m of
material, from the initial start position or pass line toreach
equilibrium.

[0012] The invention eliminates the need for the com-
plications and limitations referenced above, as the actual
product speed between rolling mill stands is measured
with non-contact velocimetry. In the early part of the roll-
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ing mill line, speed measurements can be utilized as the
rolling mill stands are positioned close to one another as
the metallurgical process in the mill does not require wa-
ter-quenching and/or equalization.

[0013] FIG. 1shows anillustrative example of the loop-
er-lessrolling millarrangement 2 used in accordance with
the invention. The looper-less roll mill arrangement 2 in-
cludes a rolling mill line 4, rolling mill stands STD13 and
STD14, cameras C120, C130 and C140, and output la-
sers L120, L130 and L140. The rolling mill product is
moved thru various points in the mill 2 using a rolling mill
line 4 that passes thru a number of rolling mill stands.
Eachrolling mill stand STD13, STD14 includes a respec-
tive camera C120, C130, C140 and output laser L120,
L130, L140.

[0014] Each camera C120, C130, C140 is used as a
visual tool to assess the quality of the rolling mill product,
such as the height of a stock section for accurate control.
Each laser L120, L130, L140 measures the true product
speed of the rolling mill line 4 and compares this with the
calculated speed at this point and makes the necessary
speed adjustments to the rolling mill stand in question
and the subsequent rolling mill stands if needed to bal-
ance the rolling process. The rolling mill stands are con-
nected to a control system that allows for the speed ad-
justment at each rolling mill stand. Both the laser and the
camera can share a common mount or enclosure.
[0015] In most rolling mills, the individual rolling mill
stands are controlled from a master speed reference.
This speed reference takes into consideration the calcu-
lated reduction in area achieved in each rolling mill stand,
the roll diameter of each rolling mill stand, and the asso-
ciated gear ratio.

[0016] The error can manifest itself due to slightly in-
correct roll profiles or diameters, poor section control in
the mill, or slight differences in the theoretical and actual
gearbox ratios in the rolling mill stands. In the slower part
of the rolling mill, a MTC (minimum tension control) sys-
tem is utilized that leverages an iterative self-learning
system to match the rolling mill stand speeds. Further
upstream in the rolling mill, this iterative approach is not
possible as the speed error grows and the risk of a rolling
mill cobble increases.

[0017] The means for controlling this error in speed in
most rolling mills in the prior art is the looper. The looper
is effectively amechanical piece of equipment that is con-
trolled by a loop. The looper allows for a mismatch in
equipment speed by giving the rolling mill product a buffer
space to either grow aloop or collapse aloop to a setpoint
with limits for loop growth or decay dependent upon proc-
ess changes. The looper effectively balances any error
in the rolling mill speed reference. A new speed reference
is then sent to a control device in the mill to control the
rolling speeds so as to ensure the speed of each rolling
mill stand is correct relative to the one before it and/or
after it. As one can theorize, the speed reference is a
calculated value and is subject to error.

[0018] The invention eliminates the need for the me-
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chanical looper and its associated control. The looper is
replaced with a simple laser velocimetry system de-
scribed herein. One laser is positioned in-between each
individual rolling mill stand. This can include machines
of multiple rolls but with one drive motor.

[0019] FIG. 2 shows an illustrative example of another
embodiment of the looper-less rolling mill arrangement
20 used in accordance with the invention. The looper-
less rolling mill arrangement 20 includes a rolling mill
having a line 4, roll milling stands STD13 and STD14,
input lasers L13i and L14i, and output lasers L130 and
L140. Note the looper-less arrangement 20 is similar to
the looper-less rolling mill arrangement 2 of FIG. 1. Each
rolling mill stand STD13, STD14 includes a respective
input laser L13i, L14i and output laser L130, L140. The
input lasers L13i, L14i measure the incoming speed of
the rolling mill product to its respective rolling stand
STD13, STD14. The output lasers L130, L140 measure
the outgoing speed of the rolling mill product from its re-
spective rolling stand STD13, STD14.

[0020] The incoming speeds and outgoing speeds of
the rolling mill product at each rolling mill stand is com-
pared to its theoretically controlled rolling speed as well
as comparing the incoming speed and outgoing speed
form a previous rolling mill stand.

[0021] Using the invention and tying the actual rolling
mill product speed into the control device of a rolling mill,
one could further improve the control of ancillary ma-
chines, such as head and tail crop shears, or achieve
shorter crop lengths thus reducing metallic yield loss.
[0022] Moreover,the invention can allow the ring spac-
ing at the laying head area of a rolling mill to be main-
tained perfectly from head to tail of a rolling mill product.
Any change in product speed could be instantly adjusted
using the lasers and cameras discussed herein. Moreo-
ver, the information provided by the cameras and lasers
can be used to devise an intelligent mill system that re-
quires less mechanical equipment. This can reduce the
building length and any associated costs as well as the
costof maintaining less equipment, and the product qual-
ity is improved due to the overall increase in accurate
seed control of the rolling mill.

[0023] Where metallurgical processes dictate largerin-
ter-stand distance due to the necessity to quenching and
equalization, then two non-contact gauges can be uti-
lized, one at the exit of the first rolling mill stand and one
at the entry to the subsequent rolling mill stand. This en-
sures any effects from quenching and resistance to for-
ward motion is accounted by the control device.

[0024] Although the presentinvention has been shown
and described with respect to several preferred embod-
iments thereof, various changes, omissions and addi-
tions to the form and detail thereof, may be made therein,
without departing from the scope of the invention as de-
fined by the appended claims.
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Claims

A rolling mill for producing rolling mill product, said
rolling mill comprising:

a rolling mill line (4) that moves the rolling mill
product;

a plurality of rolling mill stands (STD13, STD14)
that are coupled to the rolling mill line that re-
ceives the rolling mill product and rolls the rolling
mill product;

a plurality of speed measuring devices that are
positioned in close proximity to each rolling mill
stand, each speed measuring device measures
the speed of the rolling mill product as it passes
the speed measuring devices; and

a control device that receives information asso-
ciated with the speed measuring devices char-
acterized in that said control device adjusts the
speed of the rolling mill product for any speed
differential that might exist between any of the
rolling mill stands, wherein the speed differential
is the difference between the actual speed of
the rolling mill product with a calculated speed
at a point on the rolling mill line.

The rolling mill of claim 1, wherein the speed meas-
uring devices comprise a laser (L120, L13i, L13o0,
L14i, L140) and a camera (C120, C130, C140).

The rolling mill of claim 2, wherein the camera (C12o0,
C130, C140) assesses the quality of the rolling mill
product.

The rolling mill of claim 3, wherein the laser (L120,
L13i, L130, L14i, L140) measures the actual speed
of the rolling mill product.

The rolling mill of claim 1, wherein the speed meas-
uring devices comprise a plurality of lasers (L120,
L13i, L130, L14i, L140).

The rolling mill of claim 5, wherein the lasers (L120,
L13i, L130, L14i, L140) are arranged such that a se-
lective number of the lasers is associated with each
rolling mill stand (STD13, STD14).

The rolling mill of claim 6, wherein the selective
number of the lasers (L120, L13i, L130, L14i, L140)
measure the incoming and outgoing speeds of the
rolling mill product for its respective rolling mill stand
(STD13, STD14).

The rolling mill of claim 1, wherein the control device
increases or decreases the rolling speed of one or
more rolling mill stands (STD13, STD14) to ensure
the mill speeds are equalized to stabilize the rolling
mill.
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9.

10.

1.

12.

13.

14.

15.

16.

A method for producing rolling mill product in arolling
mill, said method comprising:

providing a rolling mill line (4) that moves the
rolling mill product;

providing a plurality of rolling mill stands
(STD13, STD14) that are coupled to the rolling
line that receives the rolling mill product and rolls
the rolling mill product;

positioning in close proximity to each rolling mill
stand a plurality of speed measuring devices,
each speed measuring device measures the
speed of the rolling mill product as it passes the
speed measuring devices; and characterized
by

adjusting the speed of the rolling mill product for
any speed differential that might exist between
any of the rolling mill stands using a control de-
vice that receives information associated with
the speed measuring devices, wherein the
speed differential is the difference between the
actual speed of the rolling mill product with a
calculated speed at a point on the rolling mill line.

The method of claim 9, wherein the speed measuring
devices comprise a laser (L120, L13i, L130, L14i,
L140) and a camera (C120, C130, C140).

The method of claim 10, wherein the camera (C120,
C130, C140) assesses the quality of the rolling mill
product.

The method of claim 10 or 11, wherein the laser
(L120, L13i, L130, L14i, L140) measures the actual
speed of the rolling mill product.

The method of claim 9, wherein the speed measuring
devices comprises a plurality of lasers (L120, L13i,
L130, L14i, L140).

The method of claim 13, wherein the lasers (L120,
L13i, L130, L14i, L140) are arranged such that a se-
lective number of the lasers is associated with each
rolling mill stand (STD13, STD14).

The method of claim 14, wherein the selective
number of the lasers (L13i, L130, L14i, L140) meas-
ure the incoming and outgoing speeds of the rolling
mill product for its respective rolling mill stand
(STD13, STD14).

The method of claim 9, wherein the control device
increases or decreases the rolling speed of one or
more rolling mill stands (STD13, STD14) to stabilize
the rolling mill.
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Patentanspriiche

1.

Walzwerk zur Produktion von Walzerzeugnissen,
wobei das Walzwerk Folgendes umfasst:

eine Walzwerklinie (4), die das Walzerzeugnis
bewegt;

mehrere Walzgeruste (STD13, STD14), die mit
der Walzwerklinie gekoppelt sind, die das Walz-
erzeugnis aufnehmen und das Walzerzeugnis
walzen;

mehrere Geschwindigkeitsmessvorrichtungen,
die in unmittelbarer Nahe zu den einzelnen
Walzgeristen positioniert sind, wobei jede Ge-
schwindigkeitsmessvorrichtung die Geschwin-
digkeit des Walzerzeugnisses misst, wenn die-
ses die Geschwindigkeitsmessvorrichtungen
passiert; und

eine Steuervorrichtung, die Informationen in
Verbindung mit den Geschwindigkeitsmessvor-
richtungen empfangt, dadurch gekennzeich-
net, dass die Steuervorrichtung die Geschwin-
digkeit des Walzerzeugnisses fiir ein beliebiges
Geschwindigkeitsdifferenzial anpasst, das zwi-
schen beliebigen der Walzgeriiste vorhanden
sein kann, wobei das Geschwindigkeitsdifferen-
zial die Differenz zwischen der tatsachlichen
Geschwindigkeit des Walzerzeugnisses und ei-
ner berechneten Geschwindigkeit an einem
Punkt an der Walzwerklinie ist.

Walzwerk nach Anspruch 1, wobei die Geschwin-
digkeitsmessvorrichtungen einen Laser (L120, L13i,
L130, L14i, L140) und eine Kamera (C120, C130,
C140) umfassen.

Walzwerk nach Anspruch 2, wobei die Kamera
(C120, C130, C140) die Qualitat des Walzerzeug-
nisses beurteilt.

Walzwerk nach Anspruch 3, wobei der Laser (L120,
L13i, L130, L14i, L140) die tatsachliche Geschwin-
digkeit des Walzerzeugnisses misst.

Walzwerk nach Anspruch 1, wobei die Geschwin-
digkeitsmessvorrichtungen mehrere Laser (L120,
L13i, L130o, L14i, L140) umfassen.

Walzwerk nach Anspruch 5, wobei die Laser (L120,
L13i, L130, L14i, L140) so angeordnet sind, dass
eine selektive Anzahl von Lasern mit den einzelnen
Walzgeristen (STD13, STD14) verknupft ist.

Walzwerk nach Anspruch 6, wobei die selektive An-
zahl der Laser (L120, L13i, L130, L14i, L140) die
eingehenden und ausgehenden Geschwindigkeiten
des Walzerzeugnisses fir ihr entsprechendes Walz-
gerust (STD13, STD14) messen.
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8.

10.

1.

12.

13.

14.

Walzwerk nach Anspruch 1, wobei die Steuervor-
richtung die Walzgeschwindigkeit eines oder meh-
rerer Walzgeruste (STD13, STD14) erhéht oder ver-
ringert, um sicherzustellen, dass die Walzgeschwin-
digkeiten ausgeglichen werden, um das Walzwerk
zu stabilisieren.

Verfahren zum Produzieren von Walzerzeugnissen
in einem Walzwerk, wobei das Verfahren Folgendes
umfasst:

Bereitstellen einer Walzwerklinie (4), die das
Walzerzeugnis bewegt;

Bereitstellen von mehreren Walzgeristen
(STD13, STD14), die mit der Walzlinie gekop-
pelt sind, die das Walzerzeugnis aufnehmen
und das Walzerzeugnis walzen;

Positionieren, in unmittelbarer Nahe zu jedem
Walzgerist, von mehreren Geschwindigkeits-
messvorrichtungen, wobei jede Geschwindig-
keitsmessvorrichtung die Geschwindigkeit des
Walzerzeugnisses misst, wenn dieses die Ge-
schwindigkeitsmessvorrichtungen passiert; und
gekennzeichnet durch

Anpassen der Geschwindigkeit des Walzer-
zeugnisses fir ein beliebiges Geschwindig-
keitsdifferenzial, das zwischen beliebigen der
Walzgeriste vorhanden sein kann, unter Ver-
wendung einer Steuervorrichtung, die Informa-
tionen in Verbindung mit den Geschwindigkeits-
messvorrichtungen empfangt, wobei das Ge-
schwindigkeitsdifferenzial die Differenz zwi-
schen der tatsachlichen Geschwindigkeit des
Walzerzeugnisses und einer berechneten Ge-
schwindigkeit an einem Punkt an der Walz-
werklinie ist.

Verfahren nach Anspruch 9, wobei die Geschwin-
digkeitsmessvorrichtungen einen Laser (L120, L13i,
L130, L14i, L140) und eine Kamera (C120, C13o0,
C140) umfassen.

Verfahren nach Anspruch 10, wobei die Kamera
(C120, C130, C140) die Qualitat des Walzerzeug-
nisses beurteilt.

Verfahren nach Anspruch 10 oder 11, wobei der La-
ser (L120, L13i, L130, L14i, L140) die tatsachliche
Geschwindigkeit des Walzerzeugnisses misst.

Verfahren nach Anspruch 9, wobei die Geschwin-
digkeitsmessvorrichtungen mehrere Laser (L120,
L13i, L130, L14i, L140) umfassen.

Verfahren nach Anspruch 13, wobeidie Laser (L120,
L13i, L130, L14i, L140) so angeordnet sind, dass
eine selektive Anzahl von Lasern mit den einzelnen
Walzgeristen (STD13, STD14) verknipft ist.
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15. Verfahren nach Anspruch 14, wobei die selektive An-
zahl der Laser (L13i, L130, L14i, L140) die einge-
henden und ausgehenden Geschwindigkeiten des
Walzerzeugnisses fiir ihr entsprechendes Walzge-
rust (STD13, STD14) messen.

16. Verfahren nach Anspruch 9, wobei die Steuervor-
richtung die Walzgeschwindigkeit eines oder meh-
rerer Walzgeruste (STD13, STD14) erhoht oder ver-
ringert, um das Walzwerk zu stabilisieren.

Revendications

1. Laminoir pour produire un produit de laminoir, ledit
laminoir comprenant :

une ligne de laminoir (4) qui déplace le produit
de laminoir ;

une pluralité de cages de laminoir (STD13,
STD14) qui sont accouplées a la ligne de lami-
noir qui recoit le produit de laminoir et lamine le
produit de laminoir ;

une pluralité de dispositifs de mesure de vitesse
qui sont positionnés a proximité immédiate de
chaque cage de laminoir, chaque dispositif de
mesure de vitesse mesurant la vitesse du pro-
duit de laminoir lorsqu’il passe par les dispositifs
de mesure de vitesse ; et

un dispositif de commande qui regoit des infor-
mations associées aux dispositifs de mesure de
vitesse caractérisé en ce que ledit dispositif de
commande ajuste la vitesse du produit de lami-
noir pour n'importe quel différentiel de vitesse
qui pourrait exister entre des cages de laminoir
quelconques, dans lequel le différentiel de vi-
tesse est la différence entre la vitesse réelle du
produit de laminoir et une vitesse calculée en
un point sur la ligne de laminoir.

2. Laminoir selon la revendication 1, dans lequel les
dispositifs de mesure de vitesse comprennent un la-
ser (L120, L13i, L130, L14i, L140) et une caméra
(C120, C130, C140).

3. Laminoir selon la revendication 2, dans lequel la ca-
méra (C120, C130, C140) évalue la qualité du pro-
duit de laminoir.

4. Laminoir selon la revendication 3, dans lequel le la-
ser (L120, L13i,L130, L14i, L140) mesure la vitesse
réelle du produit de laminoir.

5. Laminoir selon la revendication 1, dans lequel les
dispositifs de mesure de vitesse comprennent une

pluralité de lasers (L120, L13i, L130, L14i, L140).

6. Laminoir selon la revendication 5, dans lequel les
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10.

1.

12.

13.

lasers (L120, L13i, L130, L14i, L140) sont agencés
de telle sorte qu’'un nombre sélectif des lasers soit
associé a chaque cage delaminoir (STD13, STD14).

Laminoir selon la revendication 6, dans lequel le
nombre sélectif des lasers (L120, L13i, L130, L14i,
L140) mesurent les vitesses d’entrée et de sortie du
produit de laminoir pour sa cage de laminoir (STD13,
STD14) respective.

Laminoir selon la revendication 1, dans lequel le dis-
positif de commande augmente ou diminue la vites-
se de laminage d’une ou de plusieurs cages de la-
minoir (STD13, STD14) afin de garantir que les vi-
tesses de laminoir soient égalisées afin de stabiliser
le laminoir.

Procédé pour produire un produit de laminoir dans
un laminoir, ledit procédé comprenant :

la fourniture d’une ligne de laminoir (4) qui dé-
place le produit de laminoir ;

lafourniture d’'une pluralité de cages de laminoir
(STD13, STD14) qui sont accouplées a la ligne
de laminage qui recoit le produit de laminoir et
lamine le produit de laminoir ;

le positionnement a proximité immédiate de
chaque cage de laminoir d’une pluralité de dis-
positifs de mesure de vitesse, chaque dispositif
de mesure de vitesse mesurant la vitesse du
produit de laminoir lorsqu’il passe par les dispo-
sitifs de mesure de vitesse ; et caractérisé par
I'ajustement de la vitesse du produit de laminoir
pour n’'importe quel différentiel de vitesse qui
pourrait exister entre des cages de laminoir
quelconques a l'aide d’un dispositif de comman-
de quiregoitdesinformations associées aux dis-
positifs de mesure de vitesse, dans lequel le dif-
férentiel de vitesse est la différence entre la vi-
tesse réelle du produit de laminoir et une vitesse
calculée en un point sur la ligne de laminoir.

Procédé selon la revendication 9, dans lequel les
dispositifs de mesure de vitesse comprennent un la-
ser (L120, L13i, L130, L14i, L140) et une caméra
(C120, C130, C140).

Procédé selon la revendication 10, dans lequel la
caméra (C120,C130, C140)évalue la qualité du pro-
duit de laminoir.

Procédé selon la revendication 10 ou la revendica-
tion 11, dans lequel le laser (L120, L13i, L130, L14i,
L140) mesure la vitesse réelle du produit de laminoir.

Procédé selon la revendication 9, dans lequel les
dispositifs de mesure de vitesse comprennent une
pluralité de lasers (L120, L13i, L130, L14i, L140).
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Procédé selon la revendication 13, dans lequel les
lasers (L120, L13i, L130, L14i, L140) sont agencés
de telle sorte qu’'un nombre sélectif des lasers soit
associé achaque cage de laminoir (STD13,STD14).

Procédé selon la revendication 14, dans lequel le
nombre sélectif des lasers (L13i, L130, L14i, L140)
mesurentles vitesses d’entrée et de sortie du produit
de laminoir pour sa cage de laminoir (STD13,
STD14) respective.

Procédé selon la revendication 9, dans lequel le dis-
positif de commande augmente ou diminue la vites-
se de laminage d’une ou de plusieurs cages de la-
minoir (STD13, STD14) afin de stabiliser le laminoir.
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