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(57) Abstract

A rolling apparatus and method that can prevent zigzag motions of the tail end of a rolled material and thereby prevent its area
reduction, Work rolls (2} of a rolling stand (F, ) from which the end of the plate material (6) being rolled comes off and work rolls (2) of 2
subsequent rolling stand (F, ) are contrelled to the same rotation speeds (roliing speeds). The tension between the rolling stand (F, ) and the
next rolling stand (F, ) is controlled to be zero so that the difference in tension between the working side and the driving side or between the
rolling stand (F, ) and the rolling stand (F,) is zero. Similarly, in a plurality of rolling stands (F, to F,) the difference in tension between the
waorking side and the driving side is controlled to be zero when the end of the plate material (6) comes off the preceding rolling stand.




ABSTRACT

The present invention aims to provide a rolling system
and a rolling method capable of avoiding the occurrence

of a pinch fold by effectively preventing the zigzag

movement ¢f a rear end portionof amaterial tobe rolled.

The rotational speeds (rolling speeds) of work rolls
{2) of a rolling mill stand (F,) from which the rear

end of a plate material (6) releases, and a succeeding

rollingmill stand (F,) are controlled to the same value.

Moreover, the tensicn betweeﬁ the rolling mill stand
(F;) and the rolling mill stand (F,) is controlled to
zero. The difference in tension between a work side
and a drive side can be made null betwsen the rolling
mill stand (F,) and the rolling mill stand (F,).
Similarly, the difference in tension between the work
side and the drive side can be made null between the
plurality o¢f rolling mill stands (F, to F,) during

release of the rear end of the plate material (6).
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Description
Rolling system and rolling method

Technical field

The present invention relates to a rolling
system comprising a plurality of rolling mill stands
arranged in a row, and a rolling method in this rolling
system. -This invention aims at avoiding the
occurrence of a pinch fold by effectively preventing
éiqzag movement of a rear end portion of 2z material

to be rolled.

Background art

A conventional example of a rolling system
comprising a plurality of rolling mill stands arranged’
in a row will be described with reference to Fig. 13,
Fig. 13 shows a échematic side view of a conventional
rolling system.

On a hot relling line, a plurality of relling
mill stands F, to F, are provided, and each rollingmill
stand F is composed of a four-high roll type rolling
mill 1. The four-high roll type rolling mill 1
includes a pair of {i.e., upper and lower) work rolls
2, and a pair of (i.e., upper and lower) backup rolls
3, the work roll 2 being driven in a downwardly pressed

manner {i.e., a screw down manner) by a hydraulic screw




down cylinder 4 via the backup rell 3, The paired upper
and lower work rolls 2 are rotationally driven in
symmetric directions by a drive motor (no‘t shown) at
the same speed or different speeds.

The hydraulic screw down cylinder 4 is driven
by a driving device 5 provided per rolling mill 1, to
roll a material 6 to be rolled (plate material) which
passes through the pair of work rolls 2. Each driving
device 5-1s connected teo a hydrarlic screw down control
device 7, and is fed with a drive command individually
by the hydraulic screw down contrcl device 7. The
positions of a front end and a rear end of the plate
material 6 are detected by a tracking device 8 based
on the rotational speed of the roll, reolling load, etc.

A method for rolling the plate material 6 by the
rolling system of the foregoing constitution will be
described with reference to Fig. 14. Fig. 14 shows a
flow chart representing a conventional rolling method.

With a roll gap between the work rolls 2 in each
of the rolling mill stands F, to F, being kept “open”
(§1), the plate material 6 on the rolling line is
transported to the rolling mill stands F, to F, from
upstream of the hot rolling line (82). Under
monitoring by the tracking device 8, the front end of
the plate material 6 immediately before being engaged
between the work rolls 2 of the most upstream rolling

mill stand F, is detected. In synchroenism with this
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detection, the hydraulic screw down cylinder 4 of each
of the rolling mill stands Fl‘to F. is driven in an
expanded manner by the hydraulic screw down control
device 7. Thus, the roll gap is adjusted and
centrolled to a set roll gap (S3).

Then, the timing of release of the rear end of
the plate material €& from the most upstream rolling
mill stand F, is detected under monitoring by the
trackingdevice 8, Insynchronismwiththis detection,
the hydraulic screw down cylinder 4 of the rollingmill
stand F; is driven in a contracted manner by the
hydraulic screw down control device 7. Thus, the roll
gap of the work rolls 2 in the rolling mill stand F,
is contreolled to “open”. The succeeding rollingmill
stands F, to F, are sequentially controlled in the same
manner, and a rolling operation is repeated until a
command for termination of operation is issued (5S4,
S5).

With the foregoing conventional rolling system,
as shown in Fig. 15 indicating a state as viewed along
arrows B-B in Fig. 13, when a rear end 6b of the plate
material 6 has escaped from the most upstream rolling
mill stand F, on a rolling line 10, the rolling mill
stand F, located immediately behind the rolling mill
stand F, is screwing down the platematerial 6. 1In this
state, screw down forces, which are different between

a work side Ws and a drive side Ds, may have acted on




the plate material 6 at the work rolls 2 of the rolling
mill stand F, releasing the rear end 6b, thereby having
caused a difference in tension between the right and
left parts of the plate material 6. In this case, when
the rear end 6b has left the rolling mill stand F,, the
rear end 6b of the plate material 6 that has become
free may follow a zigzag path, as indicated by 6c,
because of the difference in tension.

Upon zigzag movement of the rear end 6b of the
plate material 6 as in éc, a rear end 6c touches a side
guide or the like of the rolling line 10, and is thus
folded back. This folded-back rear end 6c is engaged
between the work rolls 2 of the succeeding rollingmill
stand F as a double layer, so that a so—called‘pinch
fold appears. WhentheplateﬁaterialG is rolledwith
its folded rear end being engaged between the work
rolls 2 of the rolling mill stand F, the surface of
the work roll 2 may be flawed, whereby the work roll
2 may be cracked or ruptured. If the work roll 2 is
flawed, it is necessary to reassemble the damaged work
roll assembly. Consequently, the frequency of
reassembling per unit time increases, and the downtime
of the system increases.

The present invention has been accomplished in
light of the above circumstances. Its object.is to
provide a rolling system and a rolling method capable

of avoiding the occurrence of a pinch fold by
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effectively preventing the zigzag movement of a rear

end portion of a material to be rolled.

Disclosure of the invention

To attain the above object, one aspect of the

present invention provides for a rolling system

e

comprising:

» =
a4 @

a plurality of rolling mill stands including work
rolls, and allowing sequential transport, between the

e work rolls, of a material to be rolled, said work rolls

Y

re being driven to rotate and being driven to screw down;

aes wwe

travel situation detecting means for detecting a

)
.

travel situation of the material to be rolled; and

-
-
e
.
.
-
.

control means for controlling the work rolls hased
on an end detection signal from the travel situation

detecting means for reducing tension of the material

nere being reolled to zero.
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The rolling system may comprise:

rotaticonal speed zdjusting means for adjusting
the rotationai driven speed of the work roll;

roll gap adjusting means for setting a roll gap
by adjnsting a screw down situation of the work roll;

position detecting means for detecting a moving
position of an end portion of the material tec be rolled
on a het rolling line; and

acontrol device for sequentially performing at
least one of rorational speed adjustment of the work
rolls by the rotaticonal speed adjusting means, and
opening-direction adjustment of the roll gap of the
Wwork rolls by the roll gap adjusting means when a rear
end of the material to be rolled, immediately befeore
being released from the rollingmill staﬁd, is detected
by the pesition detecting means, so that the tension
of the material to be rolled, located at least between
the rolling mill stand immediately before release
therefrom of the rear end of the material to be rolled
and the succeeding rollingmill stand that follows it,
will become zerc.
Thus, the tension of the material to be rolled can be
made zero by adjusting the rolling speed or adjusting
the roll gap in the opening direction. Consequently,
zigzag movement is not likely to cccur in the rear end
of the material to be rolled, so that no pinch fold

develops.




.
. eh® ans

»
.
)

(L1

scssern e
H
.
.
>

88 _s0 -

The rolling system may also comprise:

r

[0

& ensomet

[V

ar for detecilng the tensicn of a
material to oe rolledwhich travels betweenaplurality
of rolling mil: stands; and

a tension control unit for controlling 2 screw
down ¢ylinder of the rolling mill scand and a work roll
drive motor on the basis of an actual tension detected
by the tensiometer and a preseft reference tension,
thereby adjusting and contrcolling rthe actual tensicn
to the reference tension.
Thus, when the material to be rolled is processed by
each rolling mill stand to generate tension, the
tensiometer simultaneously detects the tension of the
material to be rolled. Hence, responsiveness 1is
dramatically improved, so that the tension of the
material to be rolled can be detected instantanecusly
and accurately. The tension control unit drivingly
controls the screw down cylinder of the rolling mill
stand and the drive motor that adjust and control the
actual tension to the reference tension, thereby
making it possible to perform in a short time a tension
adjusting operation for the material to be rolled.
Furthermore, the distance between the rolling mill
stands can be shortened to suppress the zigzag movenent
of the material toberclled. Asaresult, the duration

of tension adjustment for the material to be rolled
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can be diminished to suppress fluctuations in the plate
thickness and improve the accuracy of plate thickness

control.

The rolling system preferably comprises:

a restraining roll disposed on at least one of
an entry side and a delivery side of a reolling mill
stand, the restraining roll comprising a pinch roll
or a light pressure screw down rolling mill;

the restraining roll being provided with a pinch
force detector, a thrust force detector, and a moment
force detector; and

a control device for adjusting work roll
leveling of the adjacent rolling wmill stand on the
basis of information taken in from each of the
detectors so that the thrust force and the moment force
of the restraining roll will be reduced to zero.
Thus, extra-plane deformation due to a great
restraining moment does nct occur in a pertion of the
material to be rolled, which situates between the
restraining roll and the work roils of the adjacent
rolling mill stand., Consequently, a rapid
fishtailing phenomenon associated with recovery from
elastic deformation during release of the rear end is
avoided, so that zigzag movement of the rear end of
the material to be rolled can be prevented safely and

reliably.




PAOPERVAI N 3057-42-5pe. doc-DE/LEAK)

There is provided according to another aspect of
the invention a rolling method for performing rolling
by sequentially transporting a material to be rolled to
a plurality of rolling mill stands, comprising:

detecting a travel situation of the material to be
rolled;

generating an end detection signal;

rolling the material to be rolled, while driving
work rolls of the rolling mill stand so as to rotate
and screw down, in accordance with the travel
situation; and

centrolling the work rolls based on the end
detection signal for reducing the tension of the
material being rolled to zero.

Thus, zigzag movement of the rear end of the
material to be rolled cab be prevented by adjustment of
the rolling speed, adjustment of the roll gap, and
adjustment of work roll leveling, so that the

occurrence of a pinch fold can be avoided.

The rolling method may also comprise:

Performing rolling while sequentially adjusting
the rotational speeds of the work rolls of the rolling
: mill stands when a rear end of the material to be
. rolled is detected to be immediately before being

released from the rolling mill stand, so that the
Teres tension cof the material to be rolled, located between
the rolling mill stand immediately before release

therefrom of the rear end of the material to be rolled




and the rollingmill stand that follows it, will become
zeroc,

Thus, zigzag movement is not likely to occur in the
rear end of the material tobe rolled, so that no pinch

fold develops.

The rolling method preferably comprises rolling
while increasing the rotational speeds of the work
rolls of the rolling mill stand immediately before
release therefrom of the rear end so that the tension
of the material to be rolled will become zero. Thus,
zigzag movement is not likely to occur in the rear end
of the material to be rolled, so that no pinch fold
develcps.

The rolling method may also comprise rolling while
increasing the rotational speeds of the work rolls of
the rolling mill stand, at least, immediately before
the final stand so that the tensicon of the material to
be rclled will become zerc. Thus, simple control
eliminates the risk of c¢ausing zigzag movement Lo the
rear end of the material tc be rolled, so that no pinch
fold develops.

The reclling method may preferably comprise:

performing rolling while adjusting the rotaticnal

speeds of the work rolls when a rear end

10




of the material to be rolled is detected to be
immediately bafore being released from the most
upstream rolling mill stand, so that the tension of
the material to be roiled, located between all the
rolling mill stands, will become zero.

Thus, simple control eliminates the risk of causing
zigzag movement to the rear end of the material to be
rolled, so that no pinch fold develops.

The rolling method may also comprise:
performing rolling while sequentially
adjusting the roll gap of the work rolls in an opening
direction when a rear end of the material to be rolled
is detected to be immediately before being released
from the reolling mill stand, so that the tension of
the material to be rolled, located between the rolling
mill stand immediately before release therefromof the
rear end of the material to be rolled and the rolling

mill stand that follows it, will become zero.

Thus, zigzag movement is not likely to occur in the
rear end of the material to be rolled, so that no pinch
fold develops.

- Preferably, the rolling method may comprise: -

11




performing rolling while adjusting the roll gap
of the work rolls in an opening direction when a rear
end of the material to be rolled is detected to be
immediately before being released from the rolling
mill stand, so that the tension of the material to be
rolled, located between all the rolling mill stands,
will become zero.
Thus, zigzag movement is not likely to occur in the
rear end of the material te be rolled, so that no pinch

fold develops.

The rolling method may alsc comprise:

detecting the tension of a material tobe rolled
which travels between a plurality of rolling mill
stands:; and

controlling a screwdown cylinder of therolling
mill stand and a work roll drive motor so as toeliminate
an error between the detected tension and a preset
reference tension.
Thus, when the material to be rolled is processed by
each rolling mill stand to generate tension, a
tensiometer simultanecusly detects the tension of the
material to be rolled. Hence, responsiveness is
dramatically improved, so that the tension of the
material to be rolled can be detected instantaneously

and accurately. Furthermcore, the screw down cylinder

12




of the roliing mill stand and the drive motor are
drivingly controlled so as to eliminate the error
between the actual tensicn and the reference tension,
whereby a tension adjustment operation for the
material to be rolled can be performed in a short time.
Besides, the distance between the rolling mill stands
can be shortened to suppress the zigzag mevement of
the material to be rolled. As a result, the duration
of tension adjustment for the material to be rolled
can be diminished to suppress fluctuations in the place
thickness and improve the accuracy of plate thickness

control.

_ The rolling method may also comprise:
disposing a restraining roll on at least one of
an entry side and a delivery side of a rolling mill
stand, the restraining roll comprising a pinch roll
or a light pressure screw down rolling mill;
detecting a pinch force, a thrust force, and a
moment force of the restraining roll; and
adjustingwork roll leveling of the rollingmill
stand adjacent to the restraining roll on the basis
of information on the pinch force, thrust force and
moment force detected so that the detected thrust force
and moment force will be reduced to zero.
Thus, extra-plane deformation due to a great

restraining moment does not occur in a portion of the

13




material to be rolled, which situates between the
restraining roll and the work rolls cf the adja;ent
rolling mill stand. Consequently, a rapid
fishtailing phenomencn associated with recovery from
elastic deformation during release of the rear end is
avolded, so that zigzag movement ¢f the rear end of
the material to be rolled can be prevented safely and

reliably.

Brief description of the drawings

Fig. 1 is a schematic constitutional drawing of
a rolling system‘showing a first embodiment of the
present invention.

Fig, 2 is a control flow chart of a rolling
method according to the first embodiment.

Fig. 3 is a graph showing the relationship
between tension and time in the first embodiment.

Fig. 4 is a control flow chart of a rolling
method showing a second embediment of the present
invention.

Fig. & is a control flow chart of a reolling
method showing a third embodiment of the present
invention.

Fig. 6 is a control flow chart of a rolling
method showing a fourth embodiment of the present
invention.

Fig. 7 15 a schematic constitutional drawing of

14




a rolling system showing a fifth embodiment of the
present invention.

Fig. 8 is a control block diagram of a tension
contrel unit in‘the fifth embodiment.

Fig. 9is aplanviewof arolling system showing
a sixth embodiment of the present invention.

Fig.'lo is a view taken on line A-A of Fig. 9.

Fig. 11 is a block diagram of a control device
in the sixth embodiment.

Fig. 12(a) and 12 (b) are explaﬁation drawings
of an extra-plane deformation portion in the sixth
embodiment, 12(a}) being a side view of the rolling
system, and 12 (b} being a plan view of the rolling
system.

Fig, 13 is a schematic constitutional drawing
of a rolling system showing a conventional example.

Fig. 14 is a control flow chart of a rolling
method for the conventional system.

Fig. 15 is a view taken on line B-B of Fig. 13.

Best mode for carrying out the invention

A rolling system and a relling method according
to the present invention will now be described in
detail by way of the following Embodiments with
reference to the accompanying drawings,
fFirst Embodiment]

Fig. 1 is a schematic constitutional drawing of

15




a rolling system according to a first embodiment of
the present invention., Fig. 2 is a flow chart
representing a rolling method which describes the
actions ¢of the rolling system. Fig. 3 is a graph
showing the relationship between tension and time.
The same members as in the rolling system illustrated
in Fig. 13 are assigned the same reference numerals,
and overlapping explanations are omitted.

As shown in Fig. 1, a plurality of rolling mill
stands F, to F, are each composed of a four-high roll
type rolling mi1il 1. The four-high roll type rolling
mill 1 includes a pair of (i.e., upper and lower) work
rolls 2, a pair of (i.e., upper and lower) backup rolls
3, and a hydraulic screw down cylinder 4. The paired
upper and lower work rolls 2 are rotationally driven
in symmetric directions by a drive motor 11 at the same
speed or different speeds.

The hydraulic screw down cylinder 4 is driven
by a driving device 5 provided per rolling mill 1, to
roll a material 6 to be rolled (plate material) which
passes through the pair of work rolls 2. Each driving

device 5 is connected to a hydraulic screw down control

. device 7, and is fed with a drive command individually

by the hydraulic screw down control device 7. The
positions of a front end and a rear end of the plate
material & are detected by a tracking device 8 based

on the rotational speed of the roll, rolling load, etc.

16




The drive motor 11 is driven based on a command
from a motor control unit 12 provided per rolling mill
1. The motor contrel unit 12 is connected to a tension
control device 13 to receive a drive command
individually. The tracking device 8 is connected to
the hydraulic screw down control device 7 and the
tension contrel device 13. In accordance with the
situation of the front end position and rear end
position of the plate material 6, the hydraulic screw
down ¢ylinder 4 and the drive motor 11 are drivingly
controlled via the hydraulic screw down ¢ontrel device
7 and the tension contreol device 13.

A first embodiment of a rolling method by the
foregoing rolling system will be described with
reference to Fig. 2.

After a rolling line is set in motion, with a
roll gap between the work rolls 2 in each of the rolling
mill stands F, to F, being kept “open” (S11l}), the plate
material 6 on the rolling line is transported to the
rolling mill stands F, to F, from upstream of the hot
rolling line ($12), Under monitoring by the tracking
device 8, before the front end of the plate material
6 is engaged between the work rolls 2 of the most
upstream rolling mill stand F,, the hydraulic screw
down cylinder 4 of each of the rolling mill stands F,
to F, is driven in an expanded manner by the hydraulic

screw down control device 7. Thus, the roll gap is

17




adjusted and controlled tec a set roll gap (S13), and
a screw down operation is performed sequentially. The
plurality of rolling mill stands F, to F, impart
necessary tension to the plate material 6, since the
rolling speeds of the succeeding rolling mill stands
F are sequentially increased.

Then, under monitoring by the tracking device
8, the rear end of the plate material o, immeqiately
before escaping from the most upstream reolling mill
stand F,, is detected. Simultaneously with, and
parallel to this detection, the rotational speed, i.e.
rolling speed, of tHe drive motor 11 that drives the
work rolls 2 of the most upstream rolling mill stand
F, is controlled by the motor control unit 12 and the
tension control device 13. By this meaéure, the
tension of the plate material 6 between the present
rolling mill stand (the most upstream rolling mill
stand F;) and the succeeding rolling mill stand (the
rolling mill stand F;) is put into a zero state (S14).

Speed adjustment of the rotational speed
{rolling speed) of the drive motor 11 for achieving
the zero-tension state between the respective adjacent
two of the plurality of rolling mill stands F; to F,
can be made by decreasing or increasing the speed of
the drive motor 11 for one of the preceding and
succeeding rolling mill stands F's in harmony with the

speed of the drive motor 11 for the other rolling mill

18




stand F. (Actually, it is preferred toperformrolling
while increasing the rotational speed of the work rolls
2 of the reolling mill stand F on the preceding stage
side (upstream side). Fig. 3 shows an example of the
speed adjustment. Control for decreasing the tension
of one ¢f the rollingmill stands F’'s is performed such
that adjustment of the rotatiocnal speed {rolling
speed) of the work rolls is initiated a certain period
of time before release of the rear end of the plate
material 6 from the work rolls to decrease the tension
slowly, and that the tension between the adjacent
rolling mill stands F's is reduced to zero at a time
when the rear end of the plate material € is released.
This makes it possible to prevent the rear end of the
plate material 6, for example, from jumping up because
of an abrupt change in tension.

Then, the timing of release of the rear end of
the plate material ¢ from the most upstream rolling
mill stand F, is detected under monitoring by the
tracking device 8. Insynchronismwiththis detection,
the hydraulic screw down cylinder 4 of the rollingmill
stand F, is driven in a contracted manner by the
hydraulic screw down control device 7. Thus, the roll
gap of the work rolls 2 in the rolling mill stand F,
is controlled to “open”. The succeeding rolling mill
stands F, to F, are sequentially controlled in the same

manner, and a rolling operation is repeated until a

19



command for termination of operation is issued (S15,
sl6).

According to the foregoing rolling method, the
rotational speeds (rolling speeds) of the work rolls
2 of the rolling mill stand ¥ from which the rear end
of the plate material 6 releases {(i.e., the folling
mill stand F,), and the succ¢eeding rolling mill stand
F (i.e., the rolling mill stand F,) are controlled to
the same value. Moreover, the tension between the
rolling mill stand F;, and the rolling mill stand F, is
controlled te zero. Thus, the difference in tension
between a work side Ws and a drive side Ds can be made
null between the rolling mill stand F, and the rolling
mill stand F,. Similarly, the difference in tension.
between the work side Ws and thé drive side Ds can be
made null between the adjacent two of the rolling mill
stands F, to F, during release of the rear end of the
plate material 6. Hence, there is no risk for causing
a zigzag motion to the rear end of the plate material
6, 'and no pinch fold occurs.

The above embodiment is an example in which
tension control is performed between the rolling mill
stand F from which the rear end of the plate material
6 releases, and the succeeding rolling mill stand F
in the plurality of rolling mill stands F, to F,. What
matters most is the zigzag movement in the rollingmill

stand F, in the last stage {on the mest downstream side} .

20




Thus, the above-described actions and effects may be
exhibited by performing rolling while increasing the
rotational speed of the work rolls 2 only in the rolling

mill stand F,., immediatelylprior to the last stage.

[Second Embodiment]

Next, a second embodiment of a rolling method
using the rolling system shown in Fig. 1 will be
described. Fig. 4 shows a flow chart representing the
actions of the rollingmethod as the second embodiment.

As in the embodiment shown in Fig. 2, after the
rclling line is set inmotion, with the roll gap between
the work rolls 2 in each of the rolling mill stands
F, to F, being kept “open” (S511), the plate material
5 on the rolling line is transported to the relling
mill stands F, to F, from upstream of the hot rclling
line (512)., Before the front end of theplate material
6 1s engaged between the work rolls 2 of the most
upstream rollingmill stand F,, the work rolls 2 of each
of the rolling mill stands F, to F, are adjusted and
controlled to a set roll gap (S13), and a screw down
‘operation is performed sequentially.

Then, under monitoring by the tracking device
8, the rear end of the plate material 6, immediately
before escaping from the most upstream rolling mill
stand F,, 1s detected. In synchronism with tﬁis

detection, the rotaticnal speed, i.e. rolling speed,
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of the drive motor 11 that drives the work rolls 2 of
all the rolling mill stand F, to F, is controlled by
the motor control unit 12 and the tension ceontrol
device 13. By this measufe, the tensions of the plate
material 6 between the respective adjacent two of the
rolling mill stand F, te F, are simultaneously reduced
to zero (521).

Then, the timing of release of the rear end of
the plate material 6 from the most upstream rolling
mill stand F, is detected as in the embodiment shown
in Fig. 2. In synchronism with this detecticon, the
roll gap of the work rolls 2 in the rolling mill stand
F, is controlled to “open”. The succeeding rolling
mill stands F, te F, are sequentially controlled in the
same manner, and a rolling operation is repeated until
a command for termination of operation is issued (515,
516) . ‘

According to the foregeing rolling method,
immediately before the rear end of the plate material
6 releases from the rolling mi;l stand F,
the rotational speeds (rolling speeds) of the work
rolls 2 of all the rolling mill stands F, to F, are
controlled to the same value at the same time.
Moreover, the tension between the respective adjacent
two of the rolling mill stands F, to F, is controlled
to zerco. Thus, the difference in tension betwéen the

work side Ws and the drive side Ds can be made null.
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Hence, simple control eliminates the risk for causing
a zigzag motion to the rear end of the plate material
6, and prevents the occurrence of a pinch fold.

The above First and Second Embodiments show
examples inwhich the trackingdevice 8 is used as means
of detecting the position of the plate material 6.
However, 1t 1s preferred, for example, to install a
camera on an upstream side (entry side) of the rolling
mill stand F,., immediately before the final stage, and
perform rolling while entering image signals from the
camera intc the tension control device 13 and
increasing the rotational speed of.the work rolls 2

of the rolling mill stand F,_,.

[Third Embodiment]

Next, a third embodiment of a rolling methed
will be described with reference to Fig. 5. Fig. 5
shows a flow chart representing the actions of the
rolling methed as the third embodiment., A rolling
system for performing the rolling method related to
this embodiment is the rolling system illustrated in
Fig. 13.

As in the case of the actions shown in Fig. 14,
with the roll gap between the work rolls 2 in each of
the rollingmill stands F, to F, being kept “open” (S1),
the plate material 6 on the rolling line is transported

to the rolling mill stands F, to F, from upstream of
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the hot rolling line (S52). Under monitoring by the
tracking device 8, the front end of the plate material
6, immediately before being engaged between the work
rolls 2 of the most upstream rolling mill stand F,, is
detected. In synchronism with this detection, the
hydraulic screw down cylinder 4 of each of the rolling
mill stands F, to F, is driven in an expanded manner
by the hydraulic screw down control device 7. Thus,
the roll-gap is adjusted and controlled to a set roll
gap (S3). |

Then, under monitoring by the tracking device
8, the rear end of the plate material &, immediately
before sequentially escaping from the preceding
rolling mill stand F, te F,., 1s detected. Under the
action of the hydraulic screw down control device 7,
the roll gapcf thework rolls 2 in the preceding rolling
mill stand F and the succeeding rolling mill stand F
is controlled to “open”. 2lso, control is performed
such that the tension between the preceding rolling
mill stand F and the succeeding rolling mill stand F
is reduced to zero (S31). A rolling operation is
repeated until a command for termination of cperation
is issued (S5).

According to the foregoing rolling method,
immediately before release of the rear end of the plate
material 6, the roll gap of the work rolls 2 in the

preceding rolling mill stand F and the succeeding
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rolling mill stand F is controlled to “open”. Also,
control is performed such that the tension between the
adjacent rolling mill stands F’'s is reduced to zero.
Thus, the difference in tension between the work side
Ws and the drive side Ds can be made null between the
adjacent reolling mill stands F's. Hence, there is no
risk for causing a zigzag motion to the rear end of

the plate material 6, and no pinch fold occurs.

[Fourth Embodiment]

Next, a fourth embodiment of a rolling method
will be described with reference to Fig. 6. Fig. 6
shows a flow chart representing the actions of the
rolling method as the fourth embodiment. A rolling
system for performing the rolling method related to
this embodiment is the rolling system illustrated in
Fig. 13.

As in the case of the actions shown in Fig. 14,
the roll gaps between the work rolls 2 in the rolling
mill stands F, to F, are kept “open” (81}, and the plate
material 6 is transported to the rolling mill stands
F, to F, (S2). The front end of the plate material 6,
immediately before being engaged between the work
rolls 2 of the most upstream rclling mill stand F,, is
detected. In synchronism with this detection, the
rollingmill stands F, to F, are adjusted and controlled

to a set roll gap (S83).
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Then, under monitoring by the tracking device
8, the rear end of the plate material ¢, immediately
before escaping from the most upstream rolling mill
stand F,, is detected. In synchronism with this
detecticn, the roll gaps of the work rolls 2 in all
the rcllingmill stands F, to F,are controlled to “open”
under the action of the hydraulic screw down control
device 7. Alsc, the tensions between the respective
adjacent two of the rolling mill stands F, to F, are
simultaneously reduced to zero (541l}.. A relling
opefation.is repeated until a command for termination
of operation is issued (85).

According to the foregoing rolling method,
immediately before release of the rear end of the plate
material 6 from the most upstream rolling mill stand
F,, the roll gaps of the work rolls 2 in all the rolling
mill stands F, to F, are simultaneously controlled to
“open”, Also, the tensions betwéen the respective
adjacent two of all rolling mill stands F, to F, are
controlled to become zero. Thus, the difference in
tension between the work side Ws and the drive side
Ds can be made null between the adjacent rolling milil
stands F's. Hence, sinple control eliminates the risk
for causing a zigzag motion to the rear end of the plate
material 6, and prevents the occurrence of a pinch

fold.
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[Fifth Embodiment]

Fig. 7 is a schematic constitutional drawing of
a rolling system showing a fifth embodiment of the
present invention. Fig. 8 is a control block diagram
of a tension control unit.

A rolling system for a strip (a material to be
rolled) comprises a plurality of finishing mills
(rolling mill stands) for finish rolling the strip,
the finishing mills being arranged.in a row in a
direction of strip transport. The present embodiment
describes a set of finishing mills, which are adjacent
in a front-and-back direction among the plurality of
finishing mills.

In the rolling system of this embodiment, as
shown in Fig. 7, a set of (i.e., front and reér)
finishing mills 111, 121 constituting the rolling
system are installed with a predetermined spacing L.
The finishingmill 111, located upstreamin adirecticn
of transport of a strip S, has a pair of (i.e., upper
and lower) work rolls 112, 113 provided, opposite each
other, in a stand (not shown). Above andbelow the work
rolls 112, 113, backup rolls 114, 115 are provided,
respectively, in contact with the work rolls 112, 113,
Above the upper backup roll 114, a hydraulic screw down
cylinder 116 is provided. To the upper and lower work
rolls 112 and 113, a work roll drive motor 117 is

connected.
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The finishingmill 121, located downstream, has
a pair of (i.e., upper and lower) work rolls 122, 123
provided, opposite sach other, in a stand (not shown) .
Above and below the work rolls 122, 123, backup rolls
124, 125 are provided, respectively, in contact with
them. Above the upper backup roll 124, a hydraulic
screw down cylinder 126 is provided. To the upper and
lower work rolls 122 and 123, a work roll drive motor
127 is connected.

Between the finishing mills 111 and 121, a
tension control device 131 of the present embodiment
is provided for adjusting the tension of the strip S
that travels therebetween. That is, between the
finishing mills 111 and 121, a plurality of
tensiometers 132 are provided along a width direction
of the traveling strip S, and a roller portion 133
contacts the underside of the strip S, whereby its
tension can be detected. To the tensiometer 132, a
tension control unit 134 is connected. The tension
control unit 134 is connected to the hydraulic screw
down cylinder 116 of the finishing mill 111 and the
drive motor 117, and also connected to the hydraulic
screw down cylinder 126 of the finishingmill 121 and
the drive motor 127.

When the tensiometer 132 detects the tension of
the strip S traveling between the finishing mills 111

and 121, therefore, the result of detection is issued,
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as a tension signal, to the tension control unit 134.
Based on an actual tension obtained from the entered
tension signal, and a preset reference tension, the
tension control unit 134 drivingly controls the
hydraulic screw down cylinder 116 of the finishingmill
111 and the drive motor 117, and also drivingly
controls the hydraulic screw down cylinder 126 of the
finishingmill 121 and the drivemotor 127. As aresult,
the actual tension can be adjusted and controlled to
the reference value.

The tension control unit 134, as shown in Fig.
8, is composed of an actual tension detecting unit 141,
a reference tension setting unit 142, an error tension
computing unit 143, a hydraulic screw down cylinder
control unit 144, and a work roll drive motor control
unit 145. The actual tension detecting un:i.t. 141
computes a tensiondistributionin thewidth direction,
and an actual tension averéqed in the width direction,
fromaplurality of tension signals on the strip S which
have been entered from the respective tensiometers 132.
The reference tension setting unit 142 sets necessary
tension for the strip S traveling betw.een the finishing
mills 111 and 121, as a reference tension on the basis
of the rolling conditions such as the thickness and
the travel speed of the strip §. The errcr tension
computing unit 143 computes an error betwesan the actual

tension computed by the actual tension detecting unit
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141 and the reference tension set by the referencé
tension setting unit 142, and computes the amount of
adjustment for the tensicn of the strip S. The
hydraulic screw down cylinder control unit 144
drivingly controls the hydraulic screw down cylinders
116, 126 of the finishingmills 111, 121 on the basis
of the amount of tension adjustment for the strip S
that has been computed by the error tension computing
unit 143. The work roll drive motor contrel unit 145
drivingly controls the drive motors 117, 127 of the
finishing mills 111, 121.

In finish rolling e@uipment with the so
censtituted tensicn control device 131, as shown in
Fig. 7, the strip § is fed onto a transport rell table
(not shown}, and its front end is engaged sequentially
between the work rolls 112, 113 and 122, 123
‘rotationally driven by the drive motbrs 117, 127 of
the finishing mills 111, 121. On this occasion, when
the work rolls 112, 113, 122, 123 are pressed by the
hydraulic screw down ¢ylinders 116, 117 via the backup
rolls 114, 115, 124, 125, their roll gaps are adjusted
to a certain level, so that the strip § is rolled to
a predetermined thickness.

In a state in which the strip S is engaged
between the work rolls 112 and 113, and 122 and 123
of the finishingmills 111, 121, tension occurs in the

strip S. Simultaneocusly, the plurality of
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tensiometers 132 detect the tension of the strip §
traveling between the finishingmills 111 and 121, and
issues detection signals to the tension control unit
134, 1In the tension control unit 134, as shown in Fig.
8, the actual tension detecting unit 141 averages a
plurality of tension signals on the strip S which have
been entered from the tensiometers 132, to compute the
actual tension. The error tension computing unit 143
computes the error between this actual tension and the
reference tension set_by the reference tension setting
unit 142, to compute the amount of adjustment for the
tension of the strip S.

The hydraulic screw down cylinder control unit
144 sets the amount of screw down on the basis of the
amount of tension adjustment for the strip S, and
drivingly controls the hydraulic screw down cylinders
116, 126 of the finishingmills 111, 121. Theworkroll
drive motor control unit 145 sets a driving speed on
the basis of the amount of tension adjustment for the
strip S, and drivingly controls the drive motors 117,
127 of the finishing mills 111, 121. Thus, the strip
S traveling between the finishing mills 111 and 121
is adjusted to a predetermined reference tension, so
that appropriate finish relling is performed.

The strip tension control device 131 of the
present embodiment, as noted above, has the

tensiometer 132 between the finishing mills 111 and
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121 for detecting the tension of the strip S which
travels therebetween. The tension control device 131
also has the tension control unit 134 for controlling
the hydraulic screw down cylinders 116, 126 and the
work roll drive moters 117, 127 on the basis of the
actual tension detected by the tensiometer 132 and the
preset reference tension, thereby adjusting and
controlling the actual tension to the reference
tension.,  Thus, when the strip S is engaged between the
work rolls 112 and 113 and between the work rolls 122
and 123 of the finishing mills 111, 121 to generate
tension, the plurality of tensiometers 132
simultanecusly detect the tension of the strip S, and
issue the tensiocn signals to the tension contrel unit
134, Hence, responsiveness is dramatically improved,
so that thevtension of the strip S can be detected
instantaneously and accurately. The tension control
unit 134 instantanecusly computes the amount of
tension adjustment based on the actual tension and the
reference tension, and drives the hydraulic screw down
cylinders 116, 126 of the finishing mills 111, 121 and
the drive motors 117, 127. -Thus, a tension adjusting
operation for the strip S can be performed in a very
short time, so that fluctuations in the plate thickness
can be decreased markedly, and the accuracy of the
plate thickness can be increased.

As described above, the tension control device
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131 for the strip § is composed of the tensiometer 132
and the tensicn control unit 134 disposed between the
finishing mills 111 and 121, and a tension adjustment
operation is performed by the hydraulic screw down
cylinders 116, 126 and the drive motors 117, 127.
Hence, it is not necessary to dispose conventional
instruments, such as a revolving levér,a looper roll,
and a looper drive motor, between the finishing mills
111 and 121, and the distance L therebetween can be
shortened to about 2 to 3 m. Even if tension becomes
zero in the end portion of the strip S that has left
the work rolls 112 and 113 of the finishing mill 111,
the length of the end portion decreases to less than
a half of the conventional length. Consequently, a
marked zigzag motion wvanishes, and a pinch fold-
associated accident can be inhibited.

According to the tension control device 131 for
a strip in the foregoing embodiment, the tensicmeter
132 is of a contact type in which the roller portion
133 contacts the underside of the strip § to detect
tension. However, the tensiometer 132 may be of a
non-contact type. The present embodiment gives a
description in which the tension control device 131
is provided between a set of finishing mills 111 and
121 among a multiplicity of finishing mills
constituting the rolling system. This tension

control device 131, however, is alsc provided between
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other finishing mills (not shown).

[Sixth Embodiment]

Fig. 9 is a plan view of a rolling system showing
a sixth embodiment of the present invention. Fig. 10
is a view taken on line A-A of Fig. 9. Fig. 11 is a
block diagram of a contrel device.

In Figs. 9 and 10, the reference numerals 216
and 217 denote a No. 6 rolling mill and a No. 7 rolling
mill, respectively, in a steel band hot finish rolling
system comprising a-No. 1 rolling mill (rolling mill
stand) to a No. 7 ro;ling mill (rolling mill stand)
arranged in tandem for finish rolling a steel band (a
material tobe rolled) 220. The numerals 216a and 217a
denote work rolls of these rolling mills, while the
numerals 216b and 217b denote hydraulic screw down
cylinders thereof.

On an entry side cf the No. 7 reolling mill 217,
a restraining roll 201 comprising a pinch roll or a
light pressure screw down rolling mill of a two-high
roll 201a type is disposed. The restraining roll 201
may be provided on at least one of an entry side and
a delivery side of an arbitrary rolling mill.

In the restraining roll 201, a pinch force (P,;)
detector 202 is provided at a screw down portion of
each roll 20la. A thrust force (T) detector 203 is

provided near a shaft end of each roll 20la. A moment
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force (M) detector 204 is provided at each side portion
of the shaft end of each roll 201la, Detection signals
from these detectors are entered inteo a zigzag movement
preventing contreol device 205.

The zigzag movement preventing control device
205 issues control signals to a screw down cylinder
drive device 206 of the No. 7 rolling mill 217. The
screw down cylinder drive device 206 drivingly
controls the hydraulic screw down cylinder 217b.

‘The pinch force (P,) detector 202, the thrust
force (T) detector 203, the moment force (M) detector
204, and the zigzag movement preventing control device
205 are provided similarly on other restraining rolls
20la which are arranged similarly. The screw down
cylinder drive device 206 is also provided similarly
for each rolling mill. -

The zigzag movement preventing control device
205, as shown in Fig. 11, is composed of an input unit
207 for receiving detection signals from the
respective pinch force detectors 202, the thrust force
detectors 203, and the moment force detectors 204; a
calculation unit 208 for calculating the screw down
‘force (P, = hydraulic screw down force) of the adjacent
rollingmill 217, for reducing to zero the thrust force
(T) and moment force (M) of the restraining roll 201la,
on the kasis of the signals entered; and a control unit

209 for controlling the drive device 206 for work-
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side and drive-side hydraulic screw down cylinders
217p"s of the adjacent No. 7 rolling mill 217, on the
basis of the screw down force (P,) calculated by the
calculation unit 208.

According to the present embodiment, the
foregoing system is used to detect the pinch force (B},
the thrust force (T), and the moment force (M) of the
restraining roll 201, and te adjust and control work
roll leveling of the relling mill 217 adjacent to the
restraining roll 201 on the basis of such information
so that the thrust force (T) and the moment force (M)
of the restraining roll 201 will be reduced to zero.

Because of the above-described constitution,
when a rear end portion 220a of the steel band 220 is
released from the work rolls 216a of the No, 6 rolling
mill 216 in Figs. 9 énd 10, the rear end portion 220a
side of the steel band 220 is pinched at two sites,
i.e., the two-high rolls 201a’s of the restraining roll
201, and the work reolls 217a’'s of the.succeeding,
adjacent No., 7 rolling mi;l 217.

Since the steel band 220 is pinched at the two
sites, the rear end porticn 220a side of the steel band
is prevented from making a zigzag motien due to a
difference in the amount of screw down between the
right-hand part and left-hand part of the succeeding
No. 7 rolling mill 217. Simultanecusly, a bending

moment force (M) occurs in the plane of the steel band
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220, This moment force (M) is exerted on the
restraining reoll 201a as a thrust force (T) and a
bending moment force (M).

The pinch force (P,), thrust force (T) and moment
force (MS imposed on the restraining roll 20la are
detected, over time, by the pinch force (P,) detector
202, thrust force (T) detecfor 203, and moment force
(M) detector 204, taken in by the input unit 207 of
the zigzag movement preventing control device 205, and
conveyed to the calculation unit 208. In the
calculation unit 208, screw down forces (P,) on the
drive side and the work side of the No. 7 rolling mill
217 are obtained which are necessary for reducing to
zero the thrust force (T) and bending moment force (M)
imposed on the restraining roll 201a. Thesescrewdown>
forces(Pz)aretransmittedtothecontrolunitZOchat
controls the drive device 206 for the hydraulic screw
down cylinder 217h.

Under control by the control unit 209, the
drive-side and work-side screw down forces of the screw
down cylinder drive device 206 are adjusted and
controlled, whereby leveling of the work rolls 217a
is adjusted. This action is repeated to decrease the
bending moment force (M) that has occurred in the plane
of the steel band 220. Thus, a rolling operation is
performed, with the moment force (M) being kept zero.

Hence, a great wedge rate change minimally
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occurs in.the restraining roll 20la and the adjacent
No. 7 rolling mill 217, so that a great restraining
moment (M) does not occur.

Thus, as shown in Fig. 12, an extra-plane
deformation 220’ associated with a great restraining
moment {M) does not occur in a portion of the steel
band 220 between the restraining roll 20la and the work
rolls 217a of the adjacent No. 7 rolling mill 217.
Consequently, a rapid fishtailing phenomenon
assoclated with recovery from elastic deformation
during release of the rear end of the steel band is
avolded, so that zigzag movement of the rear end of
the steel band can be prevented safely and reliably.

Needless to say, the present invention is not
restricted to the abcve embodiments, and various
changes and modifications may be made within a range
not deviating the gist of the invention. This
invention is also applicable to a reverse type

finishing mill.

Industrial applicability

As described above, the rolling system and
rolling method according to the present invention
perform rolling while sequentially transporting a
- material to be rolled to a plurality of rolling mill
stands, which involve detecting a travel situation of

the material to be rolled; and rolling the material
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to be rolled, while driving work rolls of the rolling
mill stand so as to rotate and so as to screw down,
in accordance with the travel situation. Thus, zigzag
movement of the rear end of the material to be rolled
can be prevented by adjustment of the rolling speed,
adjustnment of the roll gap, and adjustment of work roll
leveling, so that the occurrence of a pinch fold can
be avoided. Hence, the rolling system and rolling

method are preferred for use in hot finish rolling

equipment.

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising"”, will be understood to imply the inclusion
of a stated integer or step or group of Integers or
steps but not the exclusion of any other integer or
step or group of integers or steps.

The reference to any ©prior art in this
specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that
prior art forms part of the common general knowledge in

Rustralia.
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Claims:

1. A rolling system comprising:

a plurality of rolling mill stands including
work rolls, and allowing sequential transport, between
the work rolls, of a material to be rolled, said work
rolls being driven to rotate and being driven to screw
down;

travel situation detecting means for detecting a
travel situation of the material to be rolled; and

control means for contrelling the work rolls
based on an end detection signal from the travel
situation detecting means for reducing tension of the

material being rolled to zero.

2. The rolling system of claim 1, wherein

the travel situation detecting means is a
position detecting means for detecting a moving
position of an end portion of the material to be rolled
on a hot rolling line; and

the control means is a control device for
sequentially performing at least one of rotational
speed adjustment of the work rolls by rotational speed
adjusting means, and opening-direction adjustment of
a roll gap of the work rolls by roll gap adjusting means
when a rear end of the material to be rolled,
immediately hefore being released from the rolling

mill stand, is detectedby thepositiondetecting means,
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so that the tension of the material to be rolled,
located at least between the relling mill stand
immediately before release therefrom of the rear end
of the material to be rolled and the rollingmill stand

that follows it, will become zero.

3, The rolling system of claim 1, wherein

the travel situation detecting means is a
tensiometer for detecting the tension of the material
to be rolled which travels between the plurality of
rolling mill stands; and

the control means is a tension control unit for
controlling a screw down cylinder of the rolling mill
stand and a work roll drive motor on the basis of an
actual tension detected by the tensioneter and a preset
reference tension, thereby adjusting and controlling

the actual tension to the reference tension.

4, The rolling system of claim 1, wherein

the travel situation detectingmeans is a pinch
force detector, a thrust force detector, and a moment
forcedetectorprovidedcmlarestrainingroildisposed
on at least one of an entry side and a delivery side
of the rolling mill stand, said restraining roll
comprising a pinch r¢ll or a light pressure screw down
rolling mill; and

the control means is a control device for
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adjusting work roll leveling of the adjacent rolling
mill stand on the basis ¢f information taken in from
cach of the detectors so that a thrust force and a moment

force of the restraining roll will he reduced to zero.

5. A rolling method for performing reolling by
sequentially transporting a material to be rolled to a
plurality of rolling mill stands, comprising:

detecting a travel situation of the material to
be rolled;

generating an end detection signal;

rolling the material to be rolled, while driving
work rolls of the rolling mill stand so as to rotate
and screw down, in accordance with the travel
situaticn; and

contrelling the woerk rolls based on the end
detecticn signal for reducing the tension of the
meterial being rolled to zero.
[ The reolling methed of claim 5 for performing
rolling by sequentially transporting the material to
be rolled to the plurality of rolling mill stands,
further comprising:

performing rolling while sequentially
adjusting rotational speeds of the work rolls of the
rolling mill stands when a rear end of the material
to be rolled is detected to be immediately bhefore being
released from the rolling mill stand, so that the
tension of the material to be rolled, located between
the rolling mill stand immediaztely before release
therefrom of the rear end of the material to be rolled
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and the rollingmill stand that follows it, will become

Zero.
7. The rolling method of claim 6, further
comprising

performing rolling whiie increasing the
rotational speeds of the work rolls of the rollingmill
stand immediately before release therefromof the rear
end so that the tension of the material to be rolled

will become zero.

8. The rolling method of claim 7, further
comprising

perferming rolling while increasing the
rotational speeds of the work rolls of the rollingmill
stand, at least, immediately before the final stand
so that the tension of the material to be rolled will

become zero.

9. The rolling method of c¢laim 5 for performing
rolling by sequentially transporting the material to
be rolled to the plurality of rolling mill stands,
further comprising:

performing rolling while adjusting the
rotational speeds of the work rolls when a rear end
of the material to be reolled is detected to be

immediately before being released from the most
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upstream rolling mill stand, so that the tension of
the material to be rolled, located between all the

rolling mill stands, will become zero.

10. The rolling method of claim 5 for performing
rolling by sequentially transporting the material to
be rolled to the plurality of rolling mill stands,
further comprising:
performing rolling while sequentially

adjusting a roll gap of the work rolls in an opening
direction when a rear end of the material to be rolled
is detected to be immediately before being released
from the rolling mill stand, so that the tension of
the material to be rolled, located between the rolling
mill stand immediately before release therefromof the
rear end of the material to be rolled and. the rolling

mill stand that follows it, will become zero.

11. The rclling method of claim 5 for performing
rolling by sequentially transporting the material to
be rolled to the plurality of rolling mill stands,
further comprising:

performing rolling while adjusting a roll gap
of the work rolls in an opening direction when a rear
end of the material ‘to be rolled is detected to be
immediately before being released from the rolling

mill stand, so that the tension of the material to be
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rolled, located between all the rolling mill stands,

will become zero.

12, The rolling method of claim 5 for performing
rolling by sequentially transporting the material to
be rolled to the plurality of rolling mill stands,
further comprising:

detecting the tension of the material_to be
rolled which travels between the plurality of rolling
mill stands; and

controlling a screwdown cylinder of the rolling
mill stand and a workroll drivemotor so as toeliminate
an error between the detected tension and a preset

reference tension.

13. The rolling method of claim 5 for performing
rolling by sequentiélly transporting the material to
be rolled to the plurality of rolling mill stands,
further comprising:

detecting a pinch force, a thrust force, and a
moment force of a restraining roll disposed on at least
one of an entry side and a delivery side of the rolling
mill stand, said restraining roll comprising a pinch
roll or a light pressure screw down rolling mill; and

adjustingwork roll leveling of the rollingmill
stand adjacent to the restraining roll on the basis

of information on the pinch force, thrust force and
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moment force detected, so that the detected thrust

force and moment force will be reduced to zero.

14, A rolling system, substantially as described

with reference to the drawings.

15. A rolling method, substantially as described

with reference to the drawings.

DATED this 9™ day of November 2000

Mitsubishi Heavy Industries, Ltd.

by DAVIES COLLISON CAVE
Patent Attorneys for the Applicants
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Fig.7
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Fig.9
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Fig.12(a)
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