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plate material (1) between the work rolls (3) are pro-
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material receives a press-in force larger than the reac-
tion force of the work rolls (3) by the hold-down rollers
(17,18). As a result, the plate material is certainly bitten
between the work rolls (3). Moreover, a roll balance
force or roll bending force for the work rolls is controlled
upon biting of the plate material for transmitting a torque
necessary for the work rolls, thereby increasing contact
forces between the work rolls (3) and intermediate rolls
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Description

BACKGROUND OF THE INVENTION

The present invention relates to a compact hot strip mill plant capable of producing a hot strip at a rolling speed in
match with an output while improving energy saving, and a rolling method of the same.

A related art typical hot strip mill plant is known from a reference "Recent Hot Strip Manufacturing Technique in
Japan" (Iron and Steel Association of Japan, pp. 176 and 305-310, August 10, 1987), which describes a high
speed/large scale rolling plant exhibiting an output of from 3 to 4 million tons/year and a finishing rolling speed of from
680 to 1627 m/mim. In this rolling plant, a roughing rolling mill for rolling down a slab having a thickness of 200 mm into
a bar having a thickness of from 20 to 40 mm adopts a work roll having a diameter of from 1000 to 1300 mm; and a
finishing rolling mill for rolling down a bar having a thickness of from 20 to 40 mm into a strip having a thickness of 12
mm or less adopts a work roll having a thickness of from 600 to 800 mm.

Incidentally, the recent development of a thin slab continuous casting method realizes a slab having a thickness of
about 50 mm. Such a thin slab eliminates the use of a roughing rolling mill and requires only a finishing rolling mill. The
production system using the thin slab has been first applied to a small-scale production, as shown in a reference "Ein
Jahr Betriebserfahrung mit der CSP-Anlage fuer Warmbereitband bei Nucor Steel” (Stahl u. Eisen 111 (1991) Nr. 1).
The above production system using a thin slab follows the related art system including finishing rolling mills of 5 to 7
stands despite the output is only 0.7 million tons/year. Specifically, the rolling speed at the outlet of the finishing rolling
mill is 300 m/min or more for a finishing thickness of 2.5 mm and 600 m/min or more for a thickness of 1.6 mm. Also,
the diameter of a work roll used for the fining rolling mill follows the related art size, that is, from 760 to 800 mm.

On the other hand, Japanese Patent Laid-open No. Hei 6-320202 discloses a merit in use of small diameter work
rolls from the viewpoint of a relationship between a necessary output and the maximum rolling speed of a rolling mill
plant or energy saving, and it proposes a production system on the basis of the new concept. Fig. 2 is a view showing
comparison in necessary energy between work rolls having diameters of 800 mm and 360 mm of a fining rolling mill in
the case of rolling a slab of 200 mm thick into a hot strip of 2 mm thick. As seen from this figure, it becomes apparent
that the small diameter roll is effective for energy saving.

The technique described in Japanese Patent Laid-open No. Hei 6-320202 basically uses small diameter work rolls
for finishing after-stage stands occurring no problem in biting, and it adopts an indirect drive system in which the work
rolls are driven through intermediate rolls or back-up rolls for preventing temperature drop of a material to be rolled due
to a strong reduction by the small diameter work rolls. Also, this patent is intended to enhance energy saving by
improvement in deforming efficiency of a material to be rolled by the use of the small diameter work rolls.

Japanese Patent Laid-open No. Sho 54-149356 describes a rolling mill plant including a device for vertically
restricting the rear end of a loop-shaped curved portion generated at the leading end portion of a material to be rolled
when the leading end of the material is butted to the rolls and preventing reversed movement of the material, and ver-
tically pressing the loop-shaped curved portion and moving forward the leading end of the material, thereby allowing
the material to be bitten in a roll gap.

The use of the small diameter work rolls described in Japanese Patent laid-open No. Hei 6-320202 is limited by the
biting, and if the small diameter work rolls are applied to the finishing before-stage stands, the reduction ratio is neces-
sarily limited. Accordingly, in the rolling mill plant described in this patent, when the small diameter work rolls are
adopted for a finishing first stand, a leading end thinning device for reducing the thickness of the leading end of the plate
material before rolling is provided.

The use of small diameter work rolls is also limited in terms of transmission of a torque by a spindle, and thereby
the small diameter work rolls are often indirectly driven through intermediate rolls or back-up rolls. In this case, a friction
coefficient more than a value necessary for biting is required to be imparted between work rolls and intermediate rolls
or back-up rolls. However, in the real rolling, this cannot be perfectly guaranteed because of the possibility of slip
between the rolls.

On the other hand, a hot-rolling oil having an effect to reduce a friction coefficient between a plate and a work roll
and hence to reduce a rolling load and a rolling power has been not sufficiently applied even on a large diameter work
rolls depending on the biting condition. Accordingly, the effect of a hot-rolling oil or a roll lubricant cannot be fully used.

The reversed movement preventive device and the loop pressing device described in Japanese Patent Laid-open
No. Sho 54-149356 vertically restrict a material to be rolled. To restrict the material to be rolled, the material must be
stopped on the inlet side of the rolling mill. As a result, such devices can be used only for a cold rolling plant having an
apparatus for storing the material or a single stand rolling mill repeating several rolling steps. In other words, the devices
cannot be used for the case of rolling a plate material continuously produced from a continuous casting machine, that
is, the case of a tandem rolling using a plurality of rolling mills.
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SUMMARY OF THE INVENTION

In view of the foregoing, the present invention has been made, and an object of the present invention is to provide
a rolling mill plant capable of enhancing productivity in rolling and improving energy saving.

To achieve the above object, according to a preferred mode of the present invention, there is provided a hot strip
mill plant for rolling a plate to be hot-rolled using a plurality of rolling mills each including work rolls, the rolling mill includ-
ing the work rolls including: plate passing guide members each being provided in such a manner as to be sloped and
to vertically surround a pass line of the plate; and rollers each capable of being ascended/descended to a desired posi-
tion for holding-down a floating of the plate and provided near each of the plate passing guide members.

With this configuration, in the case of rolling a plate to be hot-rolled using a rolling mill including small diameter work
rolls, the plate guided between the small diameter work rolls by the plate passing guide members provided in such a
manner as to vertically surround the pass line, is deflected upward by a reaction force when bitten between the work
rolls. At this time, the plate is held down by the rollers, each being provided near the plate passing guide members and
capable of ascended and descended to a desirable position against the plate guided by the plate passing guide mem-
bers, and it receives a press-in force larger than the reaction force of the work rolls by the rollers, to be thus bitten
between the small diameter work rolls.

The above rolling mill preferably includes a roll balance device capable of imparting contact forces between small
diameter work rolls and intermediate rolls.

With this configuration, the biting of the plate material at the small diameter work rolls can be suitably performed by
positively transmitting a torque to the small diameter work rolls when the plate material is bitten between the work rolls.

According to another mode of the present invention, there is provided a four-stage rolling mill plant including rolling
mills each having a pair of work rolls, a pair of back-up rolls, and a system for scattering a hot-rolling oil to the work rolls,
the rolling mill having the work rolls including: plate passing guide members each being provided in such a manner as
to vertically surround a pass line of a plate material; and rollers each capable of being ascended/descended to a desir-
able position for holding down a floating of the plate and provided near each of the plate passing guide members;
wherein the plate material is intfroduced between the work rolls while the hot-rolling oil is scattered on the work rolls.

With this configuration, the advance of a plate to be hot-rolled is restricted by the plate passing guide members for
guiding the plate between the work rolls on which a hot-rolling oil is scattered and hold-down rollers for holding-down
the plate, and a press-in force larger than the reaction force of the work rolls is applied to the plate. As a result, the plate
can be bitten between the work rolls even in the state in which the hot-rolling oil is continuously scattered.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of an (i-1)-th stand and an i-th stand of a six-stage rolling mill plant showing a plate passing
state (the moment of biting in the (i-1)-th stand);

Fig. 2 is a graph showing an energy saving effect of a small diameter roll in hot rolling;

Fig. 3 is a graph showing a relationship between a press-in force for a material to be rolled and a reduction thereof;
Fig. 4 is a graph showing a relationship between a floating height due to buckling of a plate and a press-in force
upon biting of the plate;

Fig. 5 is a graph showing a relationship between a friction coefficient between rolls and a roll balance force neces-
sary for preventing generation of a slip between the rolls upon biting of a plate in the case where the rolls are indi-
rectly driven;

Fig. 6 is a sectional view of an (i-1)-th stand and an i-th stand of a four-stage mill plant showing a plate passing
state;

Fig. 7 is a sectional view of an (i-1)-th stand and an i-stand of a six-stage rolling mill plant showing a plate passing
state (after the biting in the (i-1)-th stand and before the biting in the i-th stand);

Fig. 8 is a sectional view of the (i-1)-th stand and the i-stand of the six-stage rolling mill plant showing a plate pass-
ing state (after the biting in the (i-1)-th stand and before the biting in the i-th stand);

Fig. 9 is a sectional view of the (i-1)-th stand and the i-stand of the six-stage rolling mill plant showing a plate pass-
ing state (the moment of the biting in the i-th stand);

Fig. 10 is a sectional view of the (i-1)-th stand and the i-stand of the six-stage rolling mill plant showing a plate pass-
ing state (after the biting in the (i-1)-th stand and in the i-th stand);

Fig. 11 is a flowchart showing control of rolls for restricting the pass of a material to be rolled upon biting;

Fig. 12 is a flowchart showing control of a roll balance force upon biting in an indirect driven mill;

Fig. 13 is a sectional view of the (i-1)-th stand and the i-th stand of the six-stage mill plant showing a roll changing
state (after the biting in the (i-1)-th stand and the i-th stand);

Fig. 14 is a sectional view of an (i-1)-th stand and an i-th stand of a four-stage mill plant in which a hot-rolling oil is
used;

Fig. 15 is a view showing a pair-cross type mill;
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Fig. 16 is a view showing a work roll cross type mill;

Fig. 17 is a view showing a guitar-like roll type mill; and
Fig. 18 is a view showing a cluster mill.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Hereinafter, the basic concept of the present invention will be described by way of a rolling mill using small diameter
work rolls.

The principal problem occurring in the use of small diameter work rolls is biting of a plate to be rolled.

A biting reduction Ah in rolling is given by

Ah = ux2R-P/K )

where R =roll radius
P = rolling load
K = mill rigidity
u = friction coefficient between roll and plate

Accordingly, as the roll radius R is made smaller, the biting reduction Ah becomes smaller, resulting in a failure in
biting.

The biting reduction is also determined by a horizontal balance between a force drawing a plate in a roll bite and a
rolling reaction force pressing back the plate.

A horizontal press-back force F6 applied to a plate in a state in which the plate is bitten to a degree of from a biting
angle 6o to an angle 6 at the position of the leading end of the plate is given by

F6 = BxkmxRx(6 5-0){(6 5-0)/2-p} (2

where  B: plate width
km: restrictive average deformation resistance
R: radius of work roll

If uis larger than (65-6)/2 in this equation, F6 becomes negative. In this case, the plate tends to be drawn between
the rolls. On the other hand, if p is smaller than (65-6)/2, the plate is pressed-back. F8 is such a press-back force.
Accordingly, even in the case where the roll radius is small or a friction coefficient is small, the biting can be realized by
giving to the plate an external force larger than the press-back force F6.

Letting F be a press-in force necessary for pressing a plate to be rolled on the rolling mill side, the reduction Ah is
expressed from the equation (2) as follows:

Ah = Rx[p + V{2F/(BxkmxR)}]x2-P/K (3)

where  R: roll radius
u: friction coefficient between roll and plate
B: plate width
km: restrictive average deformation resistance

Fig. 3 shows a biting reduction with the value of F changed from 0 to 10 tons on the assumption that R = 230 mm,
p = 0.25, B = 1200 mm, and km = 10 kg/mm?. As seen from Fig. 3, the biting reduction can be increased by increasing
the press-in force.

In general, an edger or a rolling mill is disposed in the before-stage of a rolling mill using small diameter work rolls,
and a press-in force applied by the edger or the rolling mill is equal to the total of a buckling force of a plate to be rolled
which is buckled in the width direction and a force required for lifting the dead weight of the plate. The buckling force F1
for buckling the plate is given by

F1 = (1.5x)x2El/Lox2 (4
Also, the force F2 required for lifting the dead weight of the plate is given by

F2 = 0.7022wLox2/(anx2) (5)



10

15

20

25

30

35

40

45

50

55

EP 0 745 440 A1

In the above equations (4) and (5), the characters E, |, Lo, w and "a" are:

E: Young's modulus of plate

I: second moment of area of plate
Lo: distance between stands

w: weight of plate per unit length
a: 1/2 of floating height of plate

The press-in force F is expressed by
F=F1+F2 (6)

Assuming that the plate width B = 1200 mm, plate thickness h = 10 mm, distance between stands Lo = 5500 mm,
E = 7000 kg/mm?, | = 83000 mm* and a = 20 mm, F1 and F2 are obtained as follows:

F1=0.513ton
F2 = 10.15tons
The press-in force F is thus obtained as follows:
F =F1+F2 =10.66 tons @)

Fig. 4 shows a relationship between the buckling height, that is, the floating height of a plate and a press-in force
on the assumption that B = 1200 mm, H = 10 mm and L = 5500 mm. As seen from Fig. 4, a high press-in force can be
obtained by lowering the floating height.

For example, assuming that the friction coefficient between a roll and a plate is 0.25, rolling load is 1500 tons, mill
rigidity is 400 tons/mm, and roll radius is 230 mm, the biting reduction Ah becomes 10.6 mm from the equation (1). On
the contrary, in the case where the biting reduction is increased from 10.6 mm to 20 mm using the roll having the same
diameter, a press-in force of about 7 tons is required as shown in Fig. 3. In this case, as shown in Fig. 4, a press-in force
more than 7 tons can be obtained by holding-down the floating height of the plate to a value of 60 mm or less. Even in
the case of using the small diameter work rolls each having a diameter of 460 mm, a sufficient biting amount can be
thus obtained by controlling the floating height of the plate. Next, a force for holding-down a plate when the floating
height of the plate is controlled by a roll will be examined.

For example, in the case where a roll diameter is 460 mm and a biting reduction is 20 mm, the floating height of a
plate is controlled at a value of 60 mm or less by a pressing roll. The hold-down force f is approximately given by

f = FH/(L/2) (8)

where  H: height of loop
L: floating distance of plate

Letting H = 50 mm and L = 3000 mm, the hold-down force becomes 1/30 of the press-in force from the equation
(8). In this way, the plate can be sufficiently bitten by a hold-down force which is very smaller than a press-in force.

On the other hand, in a rolling mill using small diameter work rolls, it is difficult to directly give a torque necessary
for rolling to the work rolls. In other words, the work rolls must be indirectly driven through back-up rolls or intermediate
rolls. In general, a rolling load is set to obtain a desired plate thickness on the assumption that the plate is sufficiently
bitten between rolls. Namely, there is no problem in rolling for a normal portion on which a rolling load is applied; how-
ever, at the time of biting, a load and a torque are transiently applied, and consequently, even if a friction coefficient nec-
essary for biting between the plate and the rolls is obtained, the same friction coefficient between the rolls is not
necessarily obtained. As a result, in some case, there occurs a biting failure. Here, in the case where a rolling torque is
transmitted to a plate by indirect drive, a transmission torque is a contact load between rolls multiplied by a friction coef-
ficient between the rolls and a roll diameter. Also, a friction coefficient necessary for biting is substantially equal to a
friction coefficient for transmitting a rolling torque necessary upon biting. Namely, in the case where the friction coeffi-
cient between rolls is low and thereby a necessary torque cannot be transmitted, the low friction coefficient can be com-
pensated by increasing a contact load between a work roll and an intermediate roll or a back-up roll, thereby making it
possible to give the necessary torque to the work roll.

Next, there will be examined an increase in transmission force by increasing a roll balance force in addition to a
contact load generated by rolling, and increasing the contact load by the roll balance force.
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Letting ur be a friction coefficient at the contact point between rolls, P be a rolling load, Fw be a roll balance force
and R be a radius of a work roll, a transmission torque T1 by indirect drive is given by

T1 = ur(P + Fw)R (9)

On the other hand, letting u be a friction coefficient between a plate and a roll, a torque Tr necessary for rolling is
given by

Tr = uPR (10)
Here, when T1>Tr, the plate can be bitten. From the equations (9) and (10), the following equation is given:

T1-Tr = ur(P + FW)R - uPR
= PR(pr -p) + wrFwWR > 0

Consequently, the roll balance force Fw is
Fw > P(u-pr)/ur =P (u/pr - 1) (11)

Here, the rolling load P differs in accordance with the degree of biting of the plate. Letting Po be a rolling load at a
normal portion, 60 be a biting angle and 6 be an angle at the present position of the leading end of the plate, the rolling
load P is given by

P =Po(60 - 6)/60 (12)
From the equations (11) and (12), the roll balance force Fw becomes
Fw > Po(1 - 8/60)/(pn/pr - 1) (13)

Moreover, the necessary press-in force is maximized upon 6 = ur by balance of the horizontal force of the plate in
a roll bite. As a result, with the substitution 6 = ur and 6o = 0, the equation (13) can be rearranged as follows:

Fw > Po(u - ur)(p - un)/(p/ur) = BxkmxRxp(p - pr)x2/(u/ur) (14)
= BxkmxR(u - ur)x2/ur

Assuming B = 1200 mm, km = 10 kg/mm, p = 0.3 and pur = 0.25, the roll balance Fw is
Fw > 27.6 tons

Fig. 5 shows a relationship between the friction coefficient ur between rolls and the necessary balance force Fw in
the assumption that R = 230, B = 1200 mm, km = 10 kg/mm and p = 0.3. Accordingly, a biting failure can be prevented
by increasing a roll balance force or a bending force upon biting in such a range as not to exert adverse effect on the
strength of a roll neck and returning the balance force to the original one or returning the roll bending force to a value
suitable for a plate crown after biting.

In this way, the biting failure in a rolling mill including small diameter work rolls can be prevented by controlling the
floating height of a plate and also controlling the roll bending force or roll balance force.

Fig. 6 shows the (i-1)-th stand and the i-th stand of a related art type four-stage finishing rolling mill plant. A plate
1 to be rolled passes through the (i-1)-th stand and just reaches the i-th stand. Each stand includes a housing 2;_.1 (2));
work rolls 3;.1 (3;); back-up rolls 5,1 (5;); work roll chocks 6.1 (6;); project blocks 9;.¢ (9)); roll balances or roll bending
devices 10;.4 (10;); a reduction jack 11,4 (11;); a reduction load meter (load cell) 13,4 (13;); an inlet side plate passing
guide 14, 1 (14;); and an outlet side plate passing guides 15 (15).

In general, a roll is desirable to be smaller in diameter for effectively deforming a plate to be rolled at a smaller roll-
ing load and for enabling rolling at a small energy. In this regard, a work roll is desirable to be as small as possible in
diameter. A practical roll, however, has a large diameter. The reason for this is due to a biting condition. For example,
assuming that a friction coefficient between a plate and a roll is 0.25, mill rigidity is 550 tons/mm, reduction is 20 mm,
and rolling load is 2500 tons, the diameter of the roll becomes 760 mm from the equation (1). In general, the diameter
of the work roll is selected at about 800 mm. If small diameter rolls each having a diameter of about 460 mm are used
for rolling, a plate to be rolled must be pressed between the rolls upon biting of the plate.
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A rolling mill including hold-down rollers for pressing a plate to be rolled between rolls upon biting of the plate is
shown in Fig. 1.

Fig. 1 shows a six-stage rolling mill plant including six rolling mills each having small diameter work rolls to which
the present invention is applied. The rolling mill includes work rolls 3; 1 (3;); intermediate rolls 4;.1 (4;); back-up rolls 5; 4
(5)); roll balances 10;_4 (10;) for supporting the dead weights of the work rolls 3;.1 (3;); an inlet side plate passing guide
14;.4 (14;); an outlet side plate passing guides 15;.1 (15); hold-down rollers 17,4 (17;), 18,4 (18;) capable of being
ascended/descended by hydraulic cylinders; a detector 19;; a controller (not shown) for controlling the ascend-
ing/descending of the hold-down rollers and roll balance forces of the roll balances 10,1 (10;) in responce to a signal
from the detector 19;; and an input device (not shown) for setting an initial set. In addition, the hold-down rollers 17, 4,
17;, 181, 18; can be rotated by drive units through joints (not shown); however, even in the case where such drive units
are not provided, the biting of a plate to be rolled according to the present invention can be sufficiently carried out. Here,
the inlet side plate passing guide 14;.1 (14;) is previously provided with a level difference H;.1 (H;) of 50 mm or more
between a roll bite and a table, and it has such a slope as to near the roll bite level as nearing the roll bite.

While not particularly shown in the figure, the inlet plate passing guide 14;_; (14;), the outlet side plate passing guide
15,1 (15)), the hold-down rollers 17, 4 (17;), 18;.1 (18;) capable of being ascended/descended by hydraulic cylinders, the
detector 19;, the controller, and the input device constitutes a biting auxiliary device. Such a biting auxiliary device can
be mounted on an existing rolling mill. In addition, when the roll balances 10,4 (10;) for supporting the dead weights of
the work rolls 3;_4 (3;) are mounted to the existing rolling mill, the roll balances can be controlled by the controller of the
biting auxiliary device.

The controller and the input device may be provided separately from the rolling mill.

The operation of the hold-down roller will be first described with reference to Figs. 7 to 10.

Fig. 7 shows a state in which the plate 1 to be rolled passes through the (i-1)-th stand and moves toward the (i)-th
stand. A load PO upon biting of the rolling mill is previously set by the input device. Timings t1 and {2 are set, which allow
to descend the hold-down roller 18;.1 of the before-stage rolling mill and the hold-down roller 17 of the rolling mill pre-
pared to perform the biting, respectively. The timings t1 and t2 are set in accordance with the rolling speeds of the rolling
mills.

When the plate 1 is bitten between the work rolls of the (i-1)-th stand, an output signal of the load cell increases.
The controller compares the output signal from the load cell with the predetermined load P0. When it is judged that the
output signal exceeds the load PO by the controller, a timer is started. When a time of the timer becomes the predeter-
mined timing t1, the hold-down roller 18, 4 of the (i-1)-th stand shown in Fig. 7 is descended. Next, the time of the timer
becomes the predetermined timing t2, the hold-down roller 17; of the i-th stand shown in Fig. 8 is descended. As seen
from Fig. 8, the plate 1 is restricted in gaps H;.; and H; surrounded by the hold-down rollers 17;, 18; 4, the inlet side guide
14;, the outlet side guide 15;.; and the upper surface of the table. At the moment when being bitten in the (i)-th stand,
the plate 1 is buckled and deflected upward by a reaction force generated by the plate passing guide 14; upon biting;
however, as shown in Fig. 9, the floating of the plate is held-down by the hold-down rollers 18;.4 and 17;. The floating
height of the plate 1 is thus held-down by the hold-down rollers 17; and 18;_4, so that there can be obtained a press-in
force being so large as to allow the plate 1 to be bitten between the work rolls of the i-th stand.

In this way, the plate 1 is bitten between the work rolls 3; of the i-th stand by the sufficient press-in force, and a load
detection signal of the load cell 13; of the i-th stand increases. When the output signal from the load cell 13; of the i-th
stand becomes larger than a predetermined value, the hold-down rollers 18,4 and 17; are ascended. Such a state is
shown in Fig. 10. Namely, the increase in the detection signal of the load cell 13; means the biting of the plate 1 between
the work rolls 3; of the i-th stand, and when it is judged that the biting is sufficiently performed, the hold-down rollers 18;.
1 and 17; are ascended and a looper 16; is started for performing looper control. In this embodiment, the ascend-
ing/descending of the hold-down rollers is performed on the basis of the timing of the timer; however, it is not limited
thereto and may be performed on the basis of the positional detection of the plate. In any case, when being early
descended, the hold-down rollers are possibly brought in contact with the plate, which causes a fear in damaging the
plate. Accordingly the hold-down rollers are preferably disposed and controlled to be descended directly before the
plate reaches the small diameter work rolls. In this regard, the hold-down rollers 18,y and 17; may be simultaneously
descended on the basis of the detection of the plate by the detector disposed near the small diameter work rolls. The
above processing steps are shown by a flow chart in Fig. 11.

Incidentally, a torque necessary for rolling cannot be directly applied to the ends of the small diameter work rolls in
consideration of the strength of a spindle, and thereby the small diameter work rolls are indirectly driven through inter-
mediate rolls or back-up rolls each having a large thickness. Accordingly, upon biting of a plate to be rolled, that is, dur-
ing the rolling load becomes a normal state, a slip is possibly generated between the work roll and the intermediate roll
or back-up roll. To solve such an inconvenience, a contact load between the work roll and the intermediate roll or back-
up roll is increased by increasing the output of the balance cylinder 10;_; for the work roll of the (i-1)-th stand in Fig. 1 in
such a range as not to exert adverse effect on the strength of the neck portion of the work roll, or maximizing the output
of the work roll bending cylinder for a specified period of time after biting. Such a processing step will be described with
reference Fig. 12. First, a biting load PO for a plate to be rolled, a balance force (or roll bending force) for the work roll,
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and a time "ta" are set. Here, when the load signal of the load cell of the (i-1)-th stand exceeds the predetermined load
PO, it is judged that the plate 1 is bitten at the (i-1)-th stand, and the balance of the work rolls of the i-th stand is maxi-
mized so as to maximize the contact force with the intermediate rolls. On the other hand, when the output signal from
the load cell of the i-th stand exceeds the predetermined load PO, it is judged that the biting of the plate at the i-th stand
is performed, and the timer is started. Then, when a time of the timer exceeds a predetermined value, the roll balance
force (or roll bending force) is returned into a set value. As a result, the biting which is most important problem in the
case using the small diameter work rolls can be solved, and thereby the small diameter work rolls can be freely used.

In addition, the hold-down roller is not particularly specified in its shape; however, it has the following feature. In the
case of using the hold-down roller narrower than the width of a plate to be rolled, the hold-down roller can be reduced
in size, and thereby the cylinder for ascending/descending the hold-down roller can be also reduced in size. On the
other hand, in the case of using the hold-down roller wider than the width of the plate, the hold-down roller does not tend
to damage the plate even when it is brought in contact with the plate. In addition, the plate can be prevented from being
damaged by rotating the hold-down roller by a drive unit and driving it at least until the plate is bitten between the work
rolls.

The hold-down rollers are provided on the inlet and outlet sides of a rolling mill in this embodiment; however, one
hold-down roller may be provided either of the inlet and outlet sides of a rolling mill in accordance with a distance
between rolling mills. Also, the same hold-down rollers are not necessarily provided on the inlet and outlet sides of a
rolling mill. For example, a hold-down roller narrower than the width of a plate may be provided on the inlet side of a
rolling mill and a hold-down roller wider than the width of the plate may be provided on the outlet side of the rolling mill.
With this configuration, the plate can be fed to the next rolling mill without damaging the plate on the outlet side of the
rolling mill. In addition, in the case where a plurality of rolling mills are arranged, hold-down rollers each being narrower
than the width of a plate may be provided on the before-stage rolling mills and hold-down rollers each being wider than
the width of the plate may be provided on the after-stage rolling mills.

The roll change in the rolling mill plant of the present invention will be described below. In a state in which the inlet
side plate passing guides 14 and the outlet side plate passing guides 15 are left as they are, the work roll 3 cannot be
changed because it is brought in contact with the roll chock 6 of the work roll 3. Accordingly, as shown in Fig. 13, the
looper 16; provided between stands is rotated to a rising end, and then the inlet side plate passing guide 14; of the i-th
stand is retracted from the i-th stand by a retracting cylinder 21; provided at the (i-1)-th stand. Similarly, the outlet side
plate passing guide 15; is retracted by a retracting cylinder 20;. In such a state, the work roll 3 is changed.

Although the related art type finishing rolling mill has adopted work rolls each having a thickness of 800 mm, even
a multi-stage rolling mill plant including small diameter work rolls each having a diameter of 500 mm or less (for exam-
ple, 360 mm) to which the present invention is applied enables a plate to be hot-rolled to be certainly bitten.

Next, ancther embodiment of the present invention will be described.

Fig. 14 shows a four-stage rolling mill plant to which the present invention is applied, in which a hot-rolling oil is
sprayed on work rolls and back-up rolls. In a rolling mill of this four-stage rolling mill plant, a hot-rolling oil such as beef
tallow oil or a synthetic ester is applied from spray nozzles 22 provided at the inlet side of the workrolls, or the hot-rolling
oil is applied from spray headers 24 after roll cooling water adhering on the surface of the rolls is removed with wipers
23 provided on the inlet side of the back-up rolls. In such a related art rolling mill, there occurs a failure in biting of a
plate to be rolled because a frictional force between the work roll and the plate is reduced by the presence of the hot-
rolling oil. Accordingly, the supply of the rolling oil is stopped before tail-out of the plate 1 and the rolling oil adhering on
the surface of the work roll is burned up, and the oil spraying is started after the plate is bitten in the next rolling. Such
a method of preventing the biting failure can exhibit the effect of the hot-rolling oil only for the half of the total length of
the plate. In the present invention, hold-down rollers are provided on the inlet and outlet sides of the rolling mill as
shown in Fig. 14. With this configuration, the lowering of a friction coefficient between the work roll and the plate due to
lubrication by the hot-rolling oil is compensated by a press-in force applied to the plate. This eliminates the necessity of
starting and stopping the supply of the hot-rolling oil, that is, allows the hot-rolling oil to be continuously supplied, thus
making it possible to supply the hot-rolling oil over the entire plate.

A rolling mill of a type shown in Fig. 15 has a pair of work rolls and a pair of back-up rolls, wherein the work rolls
and the back-up rolls are respectively crossed with each other within the horizontal plane for controlling a plate thick-
ness distribution in the plate thickness direction of a plate to be rolled. Fig. 16 shows a rolling mill in which a pair of work
rolls are crossed with each other within the horizontal plane for controlling the plate thickness distribution in the plate
thickness direction of a plate to be rolled. Such a rolling mill uses a hot-rolling oil. In the present invention, inlet and out-
let side plate passing guides are respectively provided on the inlet and outlet sides of the rolling mill and also hold-down
rollers capable of being ascended/descended by hydraulic cylinders are respectively provided on the inlet and outlet
sides of the rolling mill. With this configuration, the lowering of a friction coefficient between the work roll and the plate
due to lubrication by the hot-rolling oil can be compensated by the press-in force applied to the plate by the plate pass-
ing guides and the pressing rolls. This eliminates the necessity of supplying/stopping the hot-rolling oil, that is, allows
the hot-rolling oil to be continuously supplied, thereby making it possible to supply the hot-rolling oil over the entire plate
and hence to perform preferable rolling.
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Fig. 17 shows a rolling mill having rolls each being formed in a guitar-like crown shape and a pair of intermediate
rolls reversely moved for controlling the plate thickness distribution in the plate thickness direction of a plate to be rolled;
and Fig. 18 shows a cluster mill of a type in which a pair of work rolls are supported by a plurality of back-up rolls. Each
of these rolling mills shown in Figs. 17 and 18 can be improved to give a press-in force to the plate by providing the inlet
and outlet side plate passing guides on the inlet and outlet sides of the rolling mill and also providing hold-down rollers
capable of being ascended/descended by hydraulic cylinders on the inlet and outlet sides of the rolling mill, and thereby
it can use small diameter work rolls. As a result, such a rolling mill can be reduced in size.

The provision of the hold-down rollers and control of a roll balance force or roll bending force also allows a rolling
mill including small diameter work rolls or large diameter work rolls coated with a hot-rolling oil to perform rolling without
stoppage of the advance of a plate to be rolled.

A plate material produced by a continuous casting machine can be thus rolled by a rolling mill including small diam-
eter work rolls. Namely, it becomes possible to eliminate the necessity of provision a rolling mill for preventing genera-
tion of a biting failure of small diameter work rolls in the before-stage of the rolling mill including the small diameter work
rolls, and hence to reduce the total size of the rolling mill plant.

In a rolling mill including a roll grinding machine, the diameter of a work roll is gradually reduced by roll grinding,
and in some cases, there occurs a biting failure of a plate to be rolled by reduction in roll diameter. Even in such a rolling
mill, the biting failure can be prevented by arrangement of inlet and outlet side plate passing guides, and hold-down roll-
ers capable of being ascended/descended by hydraulic cylinders, for example, as shown in Fig. 1. Also, in the rolling
mill including the roll grinding machine, since the hold-down rollers are sufficient to be controlled only in the case that
the biting of the plate presents a problem due to roll grinding, it is advantageous that a detector for detecting the roll
diameter is provided on the rolling mill and the ascending/descending of the hold-down rollers and control of the roll
bending force are performed when the value detected by the detector is made smaller than a predetermined roll diam-
eter.

As described above, the present invention provides a rolling mill including small diameter work rolls without any fear
in causing a biting failure of a plate to be rolled. Thus, the rolling mill can be reduced in size using such small diameter
work rolls for reducing a rolling load.

Even in a rolling mill including large diameter work rolls wherein a hot-rolling oil is used for reducing a loading
power, biting of a plate to be rolled can be suitably performed, and oil rolling can be performed over the entire plate in
the steps from the biting to the tail-out.

A further embodiment will be described below.

Fig. 19 shows a six-stage rolling mill plant including rolling mills each having small diameter work rolls. Such a roll-
ing mill is different from that shown in Fig. 1 in configuration of eliminating hold-down rollers for preventing floating of a
plate to be rolled upon biting of the plate. Namely, a biting force necessary for biting of the plate between work rolls 3;
of the rolling mill 1 is obtained by the dead weight of the plate.

To obtain the biting force by the dead weight of the plate, at least the inlet side plate passing guide 14; (14;.1) of the
inlet and outlet side plate passing guides 14; (14;.1) and 15; (15,.1) is disposed lower by a specified value than the upper
portion of the lower work roll 3; as shown in Fig. 20. Specifically, assuming that the plate thickness on the inlet side is
h1 and the plate thickness on the outlet side is h2, the inlet side plate passing roll is disposed so that an interval h3
between the upper portion of the lower work roll and the inlet side plate passing roll on the work roll side satisfies the
following equation:

h3 = (h1 - h2)/2 (15)

Thus, the plate is deflected downward in the rolling mills 2, 4 and 2;. Namely, although the plate tends be floated
when the plate is bitten between the work rolls of the rolling mill 2;, the floating of the plate can be prevented by the dead
weight of the plate, and thereby the plate can be smoothly bitten between the work rolls.

In addition, the interval between the upper portion of the lower work roll and the inlet side plate passing guide on
the work roll side may be previously determined on the basis of the equation using the estimated maximum plate thick-
ness on the inlet side and the minimum plate thickness on the outlet side; or the inlet side plate passing guide may be
variable by calculating the equation (15) using the rolling schedule and data measured by a plate thickness meter pro-
vided on the inlet side of the rolling mill. In this way, by making variable the inlet side plate passing guide, the interval
can be matched with the vertical movement of the lower work roll in accordance with the rolling schedule.

Moreover, as described, a rolling bending force or roll balance force may be used in combination upon biting.

There can be provided a rolling mill plant using small diameter work rolls without a failure in biting of a plate to be
rolled by provision of an inlet side plate passing guide for making use of the dead weight of the plate. Thus, a rolling mill
smaller in size than that including hold-down rollers can be provided, and thereby the entire rolling mill plant can be
made compact.
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In addition, a rolling mill including large diameter work rolls wherein a hot-rolling oil is used for reducing a rolling
power to which the inlet side plate guide specified in arrangement based on the equation (15), eliminates a failure in
biting of a plate to be rolled and enables oil rolling over the entire plate in the steps from the biting to the tail-out.

Claims

1. A hot strip mill plant for rolling a plate (1) to be hot-rolled using a plurality of rolling mills each including work rolls
(3), said rolling mill including said work rolls comprising:

plate passing guide members (14, 15) each being provided in such a manner as to be sloped and to vertically
surround a pass line of said plate (1); and

rollers (17, 18) each capable of being ascended/descended to a desired position for holding-down a floating of
said plate and provided near each of said plate passing guide members.

2. A hot strip mill plant according to claim 1, wherein said roller (17, 18) is rotated by a drive unit.

3. A hot strip mill plant according to claim 1, each of the before-stage ones of a plurality of said rolling mills has said
rollers each being narrower than the width of said plate, and each of the after-stage ones of a plurality of said rolling
mills has said rollers each being narrower than the width of said plate.

4. A hot strip mill plant according to claim 1, at least one of a plurality of said rolling mills is a cluster mill in which said
work rolls (3) are supported by a plurality of back-up rolls (5).

5. A hot strip mill plant according to claim 1, wherein at least one of a plurality of said rolling mills includes a grinding
machine for grinding said work rolls (3) on line.

6. A rolling mill comprising:

a pair of small diameter work rolls (3) for rolling a plate material (1) continuously fed;

a pair of intermediate rolls (4);

a pair of back-up rolls (5);

a hydraulic system for imparting an oil pressure to said work rolls (3);

plate passing guide members (14, 15) each being in such a manner as to vertically surround a pass line of said
plate material (1) for guiding the advance of said plate material; and

rollers (17, 18) each capable of being ascended/descended to a desirable position for holding down a floating
of said plate material (1) and provided near each of said plate passing guide members (14, 15).

7. Arolling mill according to claim 6, wherein a pair of said intermediate rolls (4) are movable in the axial direction of
said intermediate rolls.

8. Arolling mill according to claim 6, wherein said hydraulic system for imparting an oil pressure to said work rolls (3)
controls contact forces applied between said work rolls (3) and said intermediate rolls (4) depending on the ascend-
ing/descending of said rollers (17, 18).

9. A rolling mill according to claim 6, wherein either of said work roll (3), said intermediate roll (4) and said back-up
roll (5), or each of said work roll (3) and said back-up roll (5) is formed in a curved shape asymmetric with respect
to a pass center and vertically point-symmetric for feeding said roll in the axial direction thereof thereby changing
a gap profile between said rolls.

10. A four-stage rolling mill plant including rolling mills each having a pair of work rolls (3), a pair of back-up rolls (5),
and a system (22) for scattering a hot-rolling oil to said work rolls (3), said rolling mill having said work rolls com-
prising:

plate passing guide members (14, 15) each being provided in such a manner as to vertically surround a pass
line of a plate material (1); and

rollers (17, 18) each capable of being ascended/descended to a desirable position for holding down a floating
of said plate and provided near each of said plate passing guide members (14, 15);

wherein said plate material (1) is introduced between said work rolls (3) while the hot-rolling oil is scattered on
said work rolls.
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A four-stage rolling mill plant according to claim 10, wherein said work rolls (3) are paired to be crossed with each
other and said back-up rolls (5) are also paired to be crossed with each other for changing a profile of a roll gap
thereby changing a plate crown.

A biting auxiliary device in a rolling mill including a pair of small diameter work rolls (3), a pair of intermediate rolls
(4), and a pair of back-up rolls (5), said biting auxiliary device comprising:

plate passing guide members (14, 15) each being disposed in such a manner as to be sloped and to vertically
surround a pass line of a plate material (1);

rollers (17, 18) each capable of being ascended/descended for preventing a floating of said plate material (1)
and disposed near each of said plate passing guide members (14, 15);

a detector (19) for detecting the position of said plate material (1); and

a controller for controlling said rollers (17, 18) on the basis of the position of said plate material (1) detected by
said detector (19).

A biting auxiliary device according to claim 12, wherein said controller controls contact forces between a pair of said
intermediate rolls (4) and a pair of said work rolls (3) on the basis of the position of said plate material (1) detected
by said detector (19).

A rolling method using a mill including small diameter work rolls (3) for rolling a plate (1) to be hot-rolled, comprising
the steps of:

descending hold-down rollers (17, 18) for holding down said plate (1) to a desirable position before said plate
(1) reaches to said small diameter work rolls (3); and

ascending said hold-down rollers (17, 18) when the leading end of said plate (1) is bitten between said work
rolls (3).

A rolling method using a rolling mill including small diameter work rolls (3) for rolling a plate material to be hot-rolled
and a hydraulic system for imparting an oil pressure to said work rolls (3), comprising the steps of:

descending hold-down rollers (17, 18) for holding down said plate material (1) to a desirable position before
said plate material reaches said small diameter work rolls (3);

increasing contact forces between said work rolls (3) and said intermediate rolls (4) by said hydraulic system
when the leading end of said plate material is bitten between said work rolls (3); and

ascending said rollers (17, 18) after said plate (1) is bitten between said work rolls (3).

A rolling method using a rolling mill including small diameter work rolls (3) for rolling a plate material (1) to be hot-
rolled and a hydraulic system for imparting an oil pressure to said work rolls (3), comprising the steps of:

preparing hold-down rollers (17, 18) for holding-down said plate material (1) in said rolling mill;

setting said hold-down rollers (17, 18) at such positions as to restrict a pass line of said plate material (1) for
preventing generation of a loop of said plate material between stands during said plate material passes directly
under said hold-down rollers (17, 18) and is bitten in the next stand; and

retracting said hold-down rollers (17, 18) at such positions that said plate material (1) is not brought in contact
with said rollers upon operation of a looper (16) provided between the stands after said plate material is bitten
in said rolling mill.

A biting auxiliary device in a rolling mill including a pair of small diameter work rolls (3), a pair of intermediate rolls
(4) and a pair of back-up rolls (5), comprising:

plate passing guide members (14, 15) each being disposed in such a manner as to be sloped and to vertically
surround a pass line of a plate material (1);

rollers (17, 18) each capable of being ascended/descended for preventing a floating of said plate material (1)
and disposed near each of said plate passing guide members (14, 15);

a detector (19) for detecting a position of said plate material (1); and

a controller for controlling said rollers (17, 18) on the basis of the position of said plate material (1) detected by
said detector (19).

11
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18. A biting auxiliary device according to claim 17, wherein said controller controls contact forces between a pair of said
intermediate rolls (4) and a pair of said work rolls (3) on the basis of the position of said plate material (1) detected
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by said detector (19).
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FIG. 4
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FIG. 5
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