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Description

[0001] The 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.
[0002] A related art typical hot strip mill plant is known
from a reference "Recent Hot Strip Manufacturing Tech-
nique in Japan" (Iron and Steel Association of Japan,
pp. 176 and 305-310, August 10, 1987), which de-
scribes 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/min. In this rolling
plant, a roughing rolling mill for rolling down a slab hav-
ing 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.
[0003] 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 fin-
ishing 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.
[0004] On the other hand, the JP-A 6-320202 disclos-
es 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 idling 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 ef-
fective for energy saving.
[0005] The technique described in this JP-A-
6-320202 basically uses small diameter work rolls for
finishing after-stage stands occurring no problem in bit-
ing, 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 document 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.
[0006] The JP-A-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 pre-
venting reversed movement of the material, and verti-
cally pressing the loop-shaped curved portion and mov-
ing forward the leading end of the material, thereby al-
lowing the material to be bitten in a roll gap.
[0007] The use of the small diameter work rolls de-
scribed in the foresaid JP-A-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
necessarily 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.
[0008] The use of small diameter work rolls is also lim-
ited in terms of transmission of a torque by a spindle,
and thereby the small diameter work rolls are often in-
directly 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. How-
ever, in the real rolling, this cannot be perfectly guaran-
teed because of the possibility of slip between the rolls.
[0009] 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 roll-
ing power has been not sufficiently applied even on a
large diameter work rolls depending on the biting con-
dition. Accordingly, the effect of a hot-rolling oil or a roll
lubricant cannot be fully used.
[0010] The reversed movement preventive device
and the loop pressing device described in the foresaid
JP-A-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 continu-
ous casting machine, that is, the case of a tandem rolling
using a plurality of rolling mills.
[0011] An object of the invention is to provide a rolling
mill plant capable of enhancing productivity in rolling and
improving energy saving.
[0012] To achieve the above object, according to a
preferred mode of the present invention, there is provid-
ed 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 including the work rolls including: plate
passing guide members each being provided in such a
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manner as to be sloped and to vertically surround a pass
line of the plate; and rollers each capable of being as-
cended/descended to a desired position for holding-
down a floating of the plate and provided near each of
the plate passing guide members.
[0013] 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 members, and it re-
ceives 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.
[0014] The above rolling mill preferably includes a roll
balance device capable of imparting contact forces be-
tween small diameter work rolls and intermediate rolls.
[0015] 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 bit-
ten between the work rolls.
[0016] According to another mode of the present in-
vention, 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 desirable position for
holding down a floating of the plate and provided near
each of the plate passing guide members; wherein the
plate material is introduced between the work rolls while
the hot-rolling oil is scattered on the work rolls.
[0017] 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 roll-
ers for holding-down the plate, and a press-in force larg-
er 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.

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 re-

duction 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 necessary for preventing generation of a slip
between the rolls upon biting of a plate in the case
where the rolls are indirectly 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 passing 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 passing 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 passing 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 re-
stricting the pass of a material to be rolled upon bit-
ing;
Fig. 12 is a flowchart showing control of a roll bal-
ance 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;
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

[0018] Hereinafter, the basic concept of the present
invention will be described by way of a rolling mill using
small diameter work rolls.
[0019] The principal problem occurring in the use of
small diameter work rolls is biting of a plate to be rolled.
[0020] A biting reduction ∆h in rolling is given by

∆h = µ32R-P/K (1)
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where

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

[0021] Accordingly, as the roll radius R is made small-
er, the biting reduction ∆h becomes smaller, resulting in
a failure in biting.
[0022] 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.
[0023] A horizontal press-back force Fθ applied to a
plate in a state in which the plate is bitten to a degree
of from a biting angle θ0 to an angle θ at the position of
the leading end of the plate is given by

where

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

[0024] If µ is larger than (θ0-θ)/2 in this equation, Fθ
becomes negative. In this case, the plate tends to be
drawn between the rolls. On the other hand, if µ is small-
er than (θ0-θ)/2, the plate is pressed-back. Fθ 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 ex-
ternal force larger than the press-back force Fθ.
[0025] Letting F be a press-in force necessary for
pressing a plate to be rolled on the rolling mill side, the
reduction ∆h is expressed from the equation (2) as fol-
lows:

where

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

[0026] Fig. 3 shows a biting reduction with the value
of F changed from 0 to 10 tons on the assumption that
R = 230 mm, µ = 0.25, B = 1200 mm, and km = 10 kg/
mm2. As seen from Fig. 3, the biting reduction can be
increased by increasing the press-in force.
[0027] In general, an edger or a rolling mill is disposed

Fθ = B3km3R3(θ0-θ){(θ0-θ)/2-µ} (2)

∆h = R3[µ + √{2F/(B3km3R)}]32-P/K (3)

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 giv-
en by

[0028] Also, the force F2 required for lifting the dead
weight of the plate is given by

[0029] In the above equations (4) and (5), the charac-
ters E, I, 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

[0030] The press-in force F is expressed by

[0031] Assuming that the plate width B = 1200 mm,
plate thickness h = 10 mm, distance between stands Lo
= 5500 mm, E = 7000 kg/mm2, I = 83000 mm4 and a =
20 mm, F1 and F2 are obtained as follows:

[0032] The press-in force F is thus obtained as fol-
lows:

[0033] Fig. 4 shows a relationship between the buck-
ling 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.
[0034] For example, assuming that the friction coeffi-
cient 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 ∆h becomes 10.6 mm from

F1 = (1.5π)32EI/Lo32 (4)

F2 = 0.7022wLo32/(aπ32) (5)

F = F1 + F2 (6)

F1 = 0.513 ton

F2 = 10.15 tons

F = F1 + F2 = 10.66 tons (7)
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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 di-
ameter 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.
[0035] 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 approximate-
ly given by

where

H: height of loop
L: floating distance of plate

[0036] 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.
[0037] 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; however, at the time of
biting, a load and a torque are transiently applied, and
consequently, even if a friction coefficient necessary for
biting between the plate and the rolls is obtained, the
same friction coefficient between the rolls is not neces-
sarily 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 coefficient between the rolls and a roll diameter.
Also, a friction coefficient necessary for biting is sub-
stantially equal to a friction coefficient for transmitting a
rolling torque necessary upon biting. Namely, in the
case where the friction coefficient between rolls is low
and thereby a necessary torque cannot be transmitted,
the low friction coefficient can be compensated by in-
creasing a contact load between a work roll and an in-
termediate roll or a back-up roll, thereby making it pos-
sible to give the necessary torque to the work roll.

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

[0038] 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 in-
creasing the contact load by the roll balance force.
[0039] Letting µr be a friction coefficient at the contact
point between rolls, P be a rolling load, Fw be a roll bal-
ance force and R be a radius of a work roll, a transmis-
sion torque T1 by indirect drive is given by

[0040] On the other hand, letting µ be a friction coef-
ficient between a plate and a roll, a torque Tr necessary
for rolling is given by

[0041] Here, when T1> r, the plate can be bitten. From
the equations (9) and (10), the following equation is giv-
en:

[0042] Consequently, the roll balance force Fw is

[0043] 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, θo be a biting angle and
θ be an angle at the present position of the leading end
of the plate, the rolling load P is given by

[0044] From the equations (11) and (12), the roll bal-
ance force Fw becomes

[0045] Moreover, the necessary press-in force is max-
imized upon θ = µr by balance of the horizontal force of
the plate in a roll bite. As a result, with the substitution
θ = µr and θo = 0, the equation (13) can be rearranged
as follows:

T1 = µr(P + Fw)R (9)

Tr = µPR (10)

T1 - Tr = µr(P + Fw)R - µPR

= PR(µr -µ) + µrFwR > 0

Fw > P(µ-µr)/µr = P (µ/µr - 1) (11)

P = Po(θo - θ)/θo (12)

Fw > Po(1 - θ/θo)/(µ/µr - 1) (13)

Fw > Po(µ - µr)(µ - µr)/(µ/µr)

= B3km3R3µ(µ - µr)32/(µ/µr)

7 8



EP 0 745 440 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0046] Assuming B = 1200 mm, km = 10 kg/mm, µ =
0.3 and µr = 0.25, the roll balance Fw is

[0047] Fig. 5 shows a relationship between the friction
coefficient µr between rolls and the necessary balance
force Fw in the assumption that R = 230, B = 1200 mm,
km = 10 kg/mm and µ = 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 return-
ing the roll bending force to a value suitable for a plate
crown after biting.
[0048] In this way, the biting failure in a rolling mill in-
cluding small diameter work rolls can be prevented by
controlling the floating height of a plate and also control-
ling the roll bending force or roll balance force.
[0049] 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 in-
cludes a housing 2i-1 (2i); work rolls 3i-1 (3i); back-up
rolls 5i-1 (5i); work roll chocks 6i-1 (6i); project blocks 9i-1
(9i); roll balances or roll bending devices 10i-1 (10i); a
reduction jack 11i-1 (11i); a reduction load meter (load
cell) 13i-1 (13i); an inlet side plate passing guide 14i-1
(14i); and an outlet side plate passing guides 15i-1 (15i).
[0050] In general, a roll is desirable to be smaller in
diameter for effectively deforming a plate to be rolled at
a smaller rolling 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 bit-
ing condition. For example, assuming that a friction co-
efficient 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.
[0051] 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.
[0052] Fig. 1 shows a six-stage rolling mill plant in-
cluding six rolling mills each having small diameter work
rolls to which the present invention is applied. The rolling
mill includes work rolls 3i-1 (3i); intermediate rolls 4i-1
(4i); back-up rolls 5i-1 (5i); roll balances 10i-1 (10i) for
supporting the dead weights of the work rolls 3i-1 (3i);
an inlet side plate passing guide 14i-1 (14i); an outlet side

= B3km3R(µ - µr)32/µr (14)

Fw > 27.6 tons

plate passing guides 15i-1 (15i); hold-down rollers 17i-1
(17i), 18i-1 (18i) capable of being ascended/descended
by hydraulic cylinders; a detector 19i; a controller (not
shown) for controlling the ascending/descending of the
hold-down rollers and roll balance forces of the roll bal-
ances 10i-1 (10i) in responce to a signal from the detec-
tor 19i; and an input device (not shown) for setting an
initial set. In addition, the hold-down rollers 17i-1, 17i,
18i-1, 18i 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 14i-1
(14i) is previously provided with a level difference Hi-1
(Hi) 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.
[0053] While not particularly shown in the figure, the
inlet plate passing guide 14i-1 (14i), the outlet side plate
passing guide 15i-1 (15i), the hold-down rollers 17i-1
(17i), 18i-1 (18i) capable of being ascended/descended
by hydraulic cylinders, the detector 19i, the controller,
and the input device constitutes a biting auxiliary device.
Such a biting auxiliary device can be mounted on an ex-
isting rolling mill. In addition, when the roll balances 10i-1
(10i) for supporting the dead weights of the work rolls
3i-1 (3i) are mounted to the existing rolling mill, the roll
balances can be controlled by the controller of the biting
auxiliary device.
[0054] The controller and the input device may be pro-
vided separately from the rolling mill.
[0055] The operation of the hold-down roller will be
first described with reference to Figs. 7 to 10.
[0056] Fig. 7 shows a state in which the plate 1 to be
rolled passes through the (i-1)-th stand and moves to-
ward the (i)-th stand. A load P0 upon biting of the rolling
mill is previously set by the input device. Timings t1 and
t2 are set, which allow to descend the hold-down roller
18i-1 of the before-stage rolling mill and the hold-down
roller 17i of the rolling mill prepared to perform the biting,
respectively. The timings t1 and t2 are set in accordance
with the rolling speeds of the rolling mills.
[0057] 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 P0
by the controller, a timer is started. When a time of the
timer becomes the predetermined timing t1, the hold-
down roller 18i-1 of the (i-1)-th stand shown in Fig. 7 is
descended. Next, the time of the timer becomes the pre-
determined timing t2, the hold-down roller 17i of the i-th
stand shown in Fig. 8 is descended. As seen from Fig.
8, the plate 1 is restricted in gaps Hi-1 and Hi surrounded
by the hold-down rollers 17i, 18i-1, the inlet side guide
14i, the outlet side guide 15i-1 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

9 10
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reaction force generated by the plate passing guide 14i
upon biting; however, as shown in Fig. 9, the floating of
the plate is held-down by the hold-down rollers 18i-1 and
17i. The floating height of the plate 1 is thus held-down
by the hold-down rollers 17i and 18i-1, 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.
[0058] In this way, the plate 1 is bitten between the
work rolls 3i of the i-th stand by the sufficient press-in
force, and a load detection signal of the load cell 13i of
the i-th stand increases. When the output signal from
the load cell 13i of the i-th stand becomes larger than a
predetermined value, the hold-down rollers 18i-1 and 17i
are ascended. Such a state is shown in Fig. 10. Namely,
the increase in the detection signal of the load cell 13i
means the biting of the plate 1 between the work rolls 3i
of the i-th stand, and when it is judged that the biting is
sufficiently performed, the hold-down rollers 18i-1 and
17i are ascended and a looper 16i is started for perform-
ing looper control. In this embodiment, the ascending/
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 posi-
tional 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 18i-1 and
17i 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.
[0059] Incidentally, a torque necessary for rolling can-
not 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 intermediate rolls or back-up rolls each
having a large thickness. Accordingly, upon biting of a
plate to be rolled, that is, during 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 cylin-
der 10i-1 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 maximiz-
ing 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 bit-
ing load P0 for a plate to be rolled, a balance force (or
roll bending force) for the work roll, 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 P0, 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 in-
termediate rolls. On the other hand, when the output sig-
nal from the load cell of the i-th stand exceeds the pre-
determined load P0, it is judged that the biting of the
plate at the i-th stand is performed, and the timer is start-
ed. Then, when a time of the timer exceeds a predeter-
mined 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.
[0060] In addition, the hold-down roller is not particu-
larly specified in its shape; however, it has the following
feature. In the case of using the hold-down roller nar-
rower than the width of a plate to be rolled, the hold-
down roller can be reduced in size, and thereby the cyl-
inder 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 dam-
age 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.
[0061] The hold-down rollers are provided on the inlet
and outlet sides of a rolling mill in this embodiment; how-
ever, 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 pro-
vided on the outlet side of the rolling mill. With this con-
figuration, the plate can be fed to the next rolling mill
without damaging the plate on the outlet side of the roll-
ing mill. In addition, in the case where a plurality of rolling
mills are arranged, hold-down rollers each being nar-
rower than the width of a plate may be provided on the
before-stage rolling mills and hold-down rollers each be-
ing wider than the width of the plate may be provided on
the after-stage rolling mills.
[0062] 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 out-
let 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. Accord-
ingly, as shown in Fig. 13, the looper 16i provided be-
tween stands is rotated to a rising end, and then the inlet
side plate passing guide 14i of the i-th stand is retracted
from the i-th stand by a retracting cylinder 21i provided
at the (i-1)-th stand. Similarly, the outlet side plate pass-
ing guide 15i is retracted by a retracting cylinder 20i. In
such a state, the work roll 3 is changed.
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[0063] 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 example, 360 mm) to which the present
invention is applied enables a plate to be hot-rolled to
be certainly bitten.
[0064] Next, another embodiment of the present in-
vention will be described.
[0065] 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 work rolls, 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 pro-
vided 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 coeffi-
cient between the work roll and the plate due to lubrica-
tion 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 sup-
plied, thus making it possible to supply the hot-rolling oil
over the entire plate.
[0066] 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 thickness distribution in the plate thickness di-
rection 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 thick-
ness 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 outlet 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 hy-
draulic cylinders are respectively provided on the inlet
and outlet sides of the rolling mill. With this configura-
tion, the lowering of a friction coefficient between the
work roll and the plate due to lubrication by the hot-roll-
ing oil can be compensated by the press-in force applied

to the plate by the plate passing guides and the pressing
rolls. This eliminates the necessity of supplying/stop-
ping 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.
[0067] 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 direc-
tion 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 out-
let 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 cyl-
inders 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.
[0068] The provision of the hold-down rollers and con-
trol of a roll balance force or roll bending force also al-
lows 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.
[0069] A plate material produced by a continuous
casting machine can be thus rolled by a rolling mill in-
cluding small diameter work rolls. Namely, it becomes
possible to eliminate the necessity of provision a rolling
mill for preventing generation 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 re-
duce the total size of the rolling mill plant.
[0070] In a rolling mill including a roll grinding ma-
chine, 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 pre-
vented by arrangement of inlet and outlet side plate
passing guides, and hold-down rollers capable of being
ascended/descended by hydraulic cylinders, for exam-
ple, 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 ascend-
ing/descending of the hold-down rollers and control of
the roll bending force are performed when the value de-
tected by the detector is made smaller than a predeter-
mined roll diameter.
[0071] As described above, the present invention pro-
vides 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 roll-
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ing load.
[0072] 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 suit-
ably performed, and oil rolling can be performed over
the entire plate in the steps from the biting to the tail-out.
[0073] A further embodiment will be described below.
[0074] Fig. 19 shows a six-stage rolling mill plant in-
cluding rolling mills each having small diameter work
rolls. Such a rolling 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 3i of the rolling mill 1 is
obtained by the dead weight of the plate.
[0075] To obtain the biting force by the dead weight of
the plate, at least the inlet side plate passing guide 14i
(14i-1) of the inlet and outlet side plate passing guides
14i (14i-1) and 15i (15i-1) is disposed lower by a specified
value than the upper portion of the lower work roll 3i 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 por-
tion of the lower work roll and the inlet side plate passing
roll on the work roll side satisfies the following equation:

[0076] Thus, the plate is deflected downward in the
rolling mills 2i-1 and 2i. Namely, although the plate tends
be floated when the plate is bitten between the work rolls
of the rolling mill 2i, the floating of the plate can be pre-
vented by the dead weight of the plate, and thereby the
plate can be smoothly bitten between the work rolls.
[0077] In addition, the interval between the upper por-
tion of the lower work roll and the inlet side plate passing
guide on the work roll side may be previously deter-
mined on the basis of the equation using the estimated
maximum plate thickness on the inlet side and the min-
imum 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 meas-
ured by a plate thickness meter provided 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.
[0078] Moreover, as described, a rolling bending force
or roll balance force may be used in combination upon
biting.
[0079] 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 pass-
ing 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 en-

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

tire rolling mill plant can be made compact.
[0080] In addition, a rolling mill including large diam-
eter work rolls wherein a hot-rolling oil is used for reduc-
ing 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. Hot rolling mill plant for rolling plates, using a plu-
rality of rolling mills provided with plate guiding
members (14, 15) sloping and vertically surround-
ing the pass line of said plates (1),
characterized in that
a before-stage rolling mill (i-1) is provided with a first
roller (18i-1) at least at its delivery side, the next
following rolling mill (i) is provided with a second roll-
er (17i) at least at its entrance side and each roller
(18i-1 and 17i) is provided near the associated plate
guide member (15i-1, 14i) and is capable of being
ascended and descended to a desired position for
holding down a floating of said plates.

2. Hot rolling mill plant according to claim 1, charac-
terized in that the rollers (17, 18) are rotated by drive
units.

3. Hot rolling mill plant according to claim 1 or 2, char-
acterized in that the rollers (17, 18) are narrower
than the width of the plates (1).

4. Hot rolling mill plant according to anyone of the
claims 1 to 3, characterized in that at least one 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. Hot rolling mill plant according to anyone of the
claims 1 to 4, characterized in that at least one of
said rolling mills includes a grinding machine for
grinding said work rolls (3) on line.

6. Hot rolling mill plant according to anyone of the
claims 1 to 5, characterized in that said mill plant is
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),
wherein said plate material (1) is introduced be-
tween said work rolls (3) while the hot-rolling oil is
scattered on said work rolls.

7. Hot rolling mill plant according to claim 6, charac-
terized in that said work rolls (3) are paired to be
crossed with each other and said back-up rolls (5)
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are also paired to be crossed with each other for
changing a profile of a roll gap thereby changing a
plate crown.

8. Hot rolling mill plant according to anyone of the
claims 1 to 7, characterized in that each rolling mill
comprises a pair of small diameter work rolls (3), a
pair of intermediate rolls (4), a pair of back-up rolls
(5) and a hydraulic system for imparting an oil pres-
sure to said work rolls (3).

9. Hot rolling mill plant according to claim 8, charac-
terized in that said intermediate rolls (4) are mova-
ble in the axial direction.

10. Hot rolling mill plant according to claim 6 or 7, char-
acterized in that said hydraulic system controls con-
tact forces applied between said work rolls (3) and
said intermediate rolls (4) depending on the as-
cending/descending of said rollers (17, 18).

11. Hot rolling mill plant according to anyone of the
claims 6 to 8, characterized in that 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 ver-
tically point-symmetric for feeding said roll in the ax-
ial direction thereof thereby changing a gap profile
between said rolls.

12. Hot rolling mill plant according to anyone of the
claims 6 to 9, characterized in that the rolling mills
include a biting auxiliary device comprising plate
guide members (14, 15) each being disposed in
such a manner as to be sloped and to vertically sur-
round a pass line of a plate material (1);

rollers (17, 18) each capable of being ascend-
ed/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 mate-
rial (1) detected by said detector (19).

13. Hot rolling mill plant according to claim 12, charac-
terized in that 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 (1) detected by said detector (19).

14. Method of operating a hot rolling mill plant compris-
ing a plurality of rolling mills in which a before-stage
rolling mill (i-1) is provided with a roller (18i-1) at
least at its delivery side and the next following rolling

mill (i) is provided with another roller (17i) at least
at entrance side, characterized by

ascending both rollers (18i-1, 17i) at the deliv-
ery side of the before-stage rolling mill (i-1) and
at the entrance side of the following rolling mill
(i) during a leading end of the plate (1) is passed
through between the work rolls (3i-1) of the be-
fore-stage rolling mill and not yet biting the work
rolls (3i) of the following rolling mill (i),
descending the rollers (18i-1, 17i) during the
leading end of the plate (1) is biting between
the work rolls (3i) of the following rolling mill (i)
for holding-down the plate (1), and
ascending the rollers (18i-1, 17i) after the lead-
ing end of the plate (1) is passed through be-
tween the work rolls (3i) of the following rolling
mill.

15. Method according to claim 14, characterized by in-
creasing the contact forces between work rolls (3)
and intermediate rolls (4) by imparting oil to said
work rolls (3) when the leading end of the plate (1)
is bitten between the work rolls (3).

16. Method according to claim 14 or 15, characterized
by setting said hold-down rollers (17, 18) at such
positions as to restrict a pass line of said plate (1)
for preventing the 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 po-
sitions 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 bittein in the following rolling mill (i).

Patentansprüche

1. Warmwalzanlage zum Walzen von Flachgut, mit
mehreren Walzgerüsten, die geneigte und die
Walzbahn des Flachguts (1) vertikal umgebende
Flachgutführungselemente (14, 15) aufweisen,
dadurch gekennzeichnet, daß
ein Vorgerüst (i-1) eine erste Walze (18i-1) zumin-
dest an seiner Auslaufseite aufweist, das nächste
folgende Walzgerüst (i) mit einer zweiten Walze
(17i) zumindest an seiner Einlaufseite versehen ist
und jede Walze (18i-1 und 17i) in der Nähe des zu-
gehörigen Flachgutführungselements (15i-1, 14i)
angeordnet und zum Unterdrücken eines Auf-
schwimmens des Flachguts in eine gewünschte Po-
sition anhebbar und absenkbar ist.

2. Warmwalzanlage nach Anspruch 1, dadurch ge-
kennzeichnet, daß die Walzen (17, 18) durch An-
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triebseinheiten drehangetrieben sind.

3. Warmwalzanlage nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daß die Walzen (17, 18) enger an-
geordnet sind als die Dicke des Flachguts (1).

4. Warmwalzanlage nach einem der Ansprüche 1 bis
3, dadurch gekennzeichnet, daß zumindest eines
der Walzgerüste ein Cluster-Walzgerüst ist, bei
dem die Arbeitswalzen (3) durch mehrere Stützwal-
zen (5) abgestützt sind.

5. Warmwalzanlage nach einem der Ansprüche 1 bis
4, dadurch gekennzeichnet, daß zumindest eines
der Walzgerüste eine Schleifmaschine zum On-li-
ne-Schleifen der Arbeitswalzen (3) enthält.

6. Warmwalzanlage nach einem der Ansprüche 1 bis
5, dadurch gekennzeichnet, daß die Walzanlage ei-
ne Vier-Stufen-Walzanlage ist, die Walzgerüste mit
jeweils einem Paar Arbeitswalzen (3), einem Paar
Stützwalzen (5) und ein System (22) zum Aufsprü-
hen eines Heißwalzöls auf die Arbeitswalzen (3)
enthält, wobei das Flachgut (1) zwischen die Ar-
beitswalzen (3) während des Aufsprühens des
Heißwalzöls auf die Arbeitswalzen eingeführt wird.

7. Warmwalzanlage nach Anspruch 6, dadurch ge-
kennzeichnet, daß die Arbeitswalzen (3) zum ge-
genseitigen Kreuzen paarweise angeordnet sind
und daß auch die Stützwalzen (5) zum gegenseiti-
gen Kreuzen paarweise angeordnet sind, um ein
Profil eines Walzspaltes und damit die Balligkeit des
Flachguts zu verändern.

8. Warmwalzanlage nach einem der Ansprüche 1 bis
7, dadurch gekennzeichnet, daß jedes Walzgerüst
ein Paar Arbeitswalzen (3) mit geringem Durchmes-
ser, ein Paar Zwischenwalzen (4), ein Paar Stütz-
walzen (5) und ein Hydrauliksystem zum Aufbrin-
gen eines Öldrucks auf die Arbeitswalzen (3) ent-
hält.

9. Warmwalzanlage nach Anspruch 8, dadurch ge-
kennzeichnet, daß die Zwischenwalzen (4) in der
Axialrichtung beweglich sind.

10. Warmwalzanlage nach Anspruch 6 oder 7, dadurch
gekennzeichnet, daß das Hydrauliksystem die zwi-
schen den Arbeitswalzen (3) und den Zwischenwal-
zen (4) wirkenden Kontaktkräfte in Abhängigkeit
von der Absenkung/Anhebung der Walzen (17, 18)
steuert.

11. Warmwalzanlage nach einem der Ansprüche 6 bis
8, dadurch gekennzeichnet, daß jede Arbeitswalze
(3), Zwischenwalze (4) und Stützwalze (5) oder je-
de Arbeitswalze (3) und Stützwalze (5) eine bezüg-

lich eines Durchgangszentrums asymmetrische ge-
krümmte Form aufweisen und in Vertikalrichtung
punktsymmetrisch sind, um die Walze in deren Axi-
alrichtung zuzustellen, wodurch ein Spaltprofil zwi-
schen den Walzen verändert wird.

12. Warmwalzanlage nach einem der Ansprüche 6 bis
9,
dadurch gekennzeichnet, daß

die Warmwalzgerüste eine Einzugshilfseinrich-
tung enthalten mit Flachgutführungselementen
(14, 15), die jeweils so angeordnet sind, daß
sie geneigt sind und die Walzbahn eines Flach-
guts (1) vertikal umgeben;
Walzen (17, 18), die zur Verhinderung eines
Aufschwimmens des Flachguts (1) anhebbar/
absenkbar sind und in der Nähe jedes Flach-
gutführungselements (14, 15) angeordnet sind;
einem Detektor (19) zur Erfassung der Position
des Flachguts (1); und
einer Steuereinrichtung zur Steuerung der Wal-
zen (17, 18) auf der Grundlage der durch den
Detektor (19) erfaßten Position des Flachguts
(1).

13. Warmwalzanlage nach Anspruch 12, dadurch ge-
kennzeichnet, daß die Steuereinrichtung die Kon-
taktkräfte zwischen einem Paar Zwischenwalzen
(4) und einem Paar Arbeitswalzen (3) auf der
Grundlage der durch den Detektor (19) erfaßten
Position des Flachguts (1) steuert.

14. Verfahren zum Betrieb einer Warmwalzanlage mit
mehreren Walzgerüsten, in denen ein Vorgerüst (i-
1) eine Walze (18i-1) zumindest an seiner Auslauf-
seite aufweist und das nächste folgende Walzge-
rüst (i) mit einer weiteren Walze (17i) zumindest an
der Einlaufseite versehen ist,
gekennzeichnet durch

Anheben beider Walzen (18i-1, 17i) an der Aus-
laufseite des Vorgerüsts (i-1) und an der Ein-
laufseite des folgenden Walzgerüsts (i), wäh-
rend ein vorderes Ende des Flachguts (1) zwi-
schen den Arbeitswalzen (3i-1) des Vorgerüsts
durchläuft und noch nicht von den Arbeitswal-
zen (3i) des folgenden Walzgerüsts (i) eingezo-
gen wird,
Absenken der Walzen (18-1, 17i) während des
Einzugs des vorderen Endes des Flachguts (1)
zwischen den Arbeitswalzen (3i) des folgenden
Walzgerüsts (i) zum Niederhalten des Flach-
guts (1), und
Anheben der Walzen (18i-1, 17i), nachdem das
vordere Ende des Flachguts (1) zwischen den
Arbeitswalzen (3i) des folgenden Walzgerüsts
durchgelaufen ist.
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15. Verfahren nach Anspruch 14, gekennzeichnet
durch Erhöhung der Kontaktkräfte zwischen den
Arbeitswalzen (3) und den Zwischenwalzen (4)
durch Aufbringen von Öl auf die Arbeitswalzen (3),
wenn das vordere Ende des Flachguts (1) zwischen
den Arbeitswalzen (3) eingezogen wird.

16. Verfahren nach Anspruch 14 oder 15,
gekennzeichnet durch

Einstellen der Niederhaltewalzen (17, 18) auf
eine solche Position, daß eine Walzbahn des
Flachguts (1) zur Verhinderung der Erzeugung
einer Schleife des Flachguts zwischen den
Ständern beschränkt wird, während das Flach-
gut direkt unter den Niederhaltewalzen (17, 18)
durchläuft und in den nächsten Ständer einge-
zogen wird; und
Zurückziehen der Niederhaltewalzen (17, 18)
in eine solche Position, daß das Flachgut (1)
nicht in Kontakt mit den Walzen gelangt bei Be-
tätigung eines Umwalzers (16) zwischen den
Ständern, nachdem das Flachgut in dem fol-
genden Walzgerüst (i) eingezogen wird.

Revendications

1. Installation de laminage à chaud pour laminer des
plaques, utilisant plusieurs laminoirs munis d'élé-
ments de guidage de plaque (14, 15) inclinés et en-
tourant verticalement la ligne de déplacement des-
dites plaques (1),

caractérisée en ce que
un laminoir d'étage antérieur (i-1) est muni

d'un premier rouleau (18i-1) au moins au niveau de
son côté de sortie, le laminoir adjacent suivant (i)
est muni d'un second rouleau (17i) au moins au ni-
veau de son côté d'entrée et chaque rouleau (18i-
1 et 17i) est agencé à proximité de l'élément de gui-
dage de plaque associé (15i-1, 14i) et peut monter
et descendre vers une position voulue pour empê-
cher un flottement desdites plaques.

2. Installation de laminage à chaud selon la revendi-
cation 1, caractérisée en ce que les rouleaux (17,
18) sont mis en rotation par des unités d'entraîne-
ment.

3. Installation de laminage à chaud selon la revendi-
cation 1 ou 2, caractérisée en ce que les rouleaux
(17, 18) sont plus étroits que la largeur des plaques
(1).

4. Installation de laminage à chaud selon l'une quel-
conque des revendications 1 à 3, caractérisée en
ce qu'au moins un des laminoirs est un laminoir à
cylindres multiples, dans lequel lesdits cylindres de

travail (3) sont supportés par plusieurs cylindres
d'appui (5).

5. Installation de laminage à chaud selon l'une quel-
conque des revendications 1 à 4, caractérisée en
ce qu'au moins un desdits laminoirs comporte une
meuleuse pour meuler lesdits cylindres de travail
(3) en ligne.

6. Installation de laminage à chaud selon l'une quel-
conque des revendications 1 à 5, caractérisée en
ce que ladite installation de laminage est une ins-
tallation de laminoir à quatre étages comportant des
laminoirs ayant chacun deux cylindres de travail (3),
deux cylindres d'appui (5) et un système (22) pour
disperser une huile de laminage à chaud sur lesdits
cylindres de travail (3), ledit matériau de plaque (1)
étant introduit entre lesdits cylindres de travail (3)
alors que l'huile de laminage à chaud est dispersée
sur lesdits cylindres de travail.

7. Installation de laminage à chaud selon la revendi-
cation 6, caractérisée en ce que lesdits cylindres de
travail (3) sont appariés pour être déplacés trans-
versalement l'un par rapport à l'autre et lesdits cy-
lindres d'appui (5) sont aussi appariés pour être dé-
placés transversalement l'un par rapport à l'autre
pour changer le profil de l'interstice de laminage en
modifiant ainsi un bombement de la plaque.

8. Installation de laminage à chaud selon l'une quel-
conque des revendications 1 à 7, caractérisée en
ce que chaque laminoir comporte deux cylindres de
travail de petit diamètre (3), deux cylindres intermé-
diaires (4), deux cylindres d'appui (5) et un système
hydraulique pour imposer une pression hydraulique
auxdits cylindres de travail (3).

9. Installation de laminage à chaud selon la revendi-
cation 8, caractérisée en ce que lesdits cylindres
intermédiaires (4) sont mobiles dans la direction
axiale.

10. Installation de laminage à chaud selon la revendi-
cation 6 ou 7, caractérisée en ce que ledit système
hydraulique commande les forces de contact appli-
quées entre lesdits cylindres de travail (3) et lesdits
cylindres intermédiaires (4) en fonction du mouve-
ment ascendant/descendant desdits rouleaux (17,
18).

11. Installation de laminage à chaud selon l'une quel-
conque des revendications 6 à 8, caractérisée en
ce que l'un ou l'autre parmi ledit cylindre de travail
(3), ledit cylindre intermédiaire (4) et ledit cylindre
d'appui (5), ou chacun parmi ledit cylindre de travail
(3) et ledit cylindre d'appui (5) est formé ayant une
forme incurvée asymétrique par rapport à un axe
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de passage et verticalement symétrique par rapport
à un point pour acheminer ledit cylindre dans la di-
rection axiale de celui-ci en changeant ainsi le profil
d'interstice existant entre lesdits cylindres.

12. Installation de laminage à chaud selon l'une quel-
conque des revendications 6 à 9, caractérisée en
ce que les laminoirs comportent un dispositif auxi-
liaire d'attaque, des éléments de guidage de plaque
(14, 15) étant chacun disposés de manière à être
inclinés et à entourer verticalement une ligne de
passage d'un matériau de plaque (1), des rouleaux
(17, 18) capables chacun de monter/descendre
pour empêcher un flottement dudit matériau de pla-
que (1) et disposés, chacun, à proximité desdits élé-
ments de guidage de passage de plaque (14, 15),

un détecteur (19) pour détecter la position dudit
matériau de plaque (1), et
une commande pour commander lesdits rou-
leaux (17, 18) sur la base de la position dudit
matériau de plaque (1) détectée par ledit dé-
tecteur (19).

13. Installation de laminage à chaud selon la revendi-
cation 12, caractérisée en ce que ladite commande
commande les forces de contact entre une paire
desdits cylindres intermédiaires (4) et une paire
desdits cylindres de travail (3) sur la base de la po-
sition desdites plaques (1) détectée par ledit détec-
teur (19).

14. Procédé d'actionnement d'une installation de lami-
nage à chaud comportant plusieurs laminoirs dans
laquelle un laminoir d'étage antérieur (i-1) est muni
d'un rouleau (18i-1) au moins au niveau de son côté
de sortie et le laminoir adjacent suivant (i) est muni
d'un autre rouleau (17i) au moins au niveau de son
côté d'entrée, caractérisé en ce qu'on fait monter
les deux rouleaux (18i-1, 17i) situés au niveau du
côté de sortie du laminoir d'étage antérieur (i-1) et
au niveau du côté d'entrée du laminoir suivant (i)
pendant qu'une extrémité de tête de la plaque (1)
traverse entre les cylindres de travail (3i-1) du lami-
noir d'étage antérieur et n'est cependant pas atta-
quée par les rouleaux de travail (3i) du laminoir sui-
vant (i),

on descend les rouleaux (18i-1, 17i) pendant
que l'extrémité de tête de la plaque (1) est at-
taquée entre les cylindres de travail (3i) du la-
minoir suivant (i) pour diminuer la plaque (1), et
on fait monter les rouleaux (18i-1, 17i) après
que l'extrémité de tête de la plaque (1) ait tra-
versé entre les cylindres de travail (3i) du lami-
noir suivant.

15. Procédé selon la revendication 14, caractérisé en

ce qu'on augmente les forces de contact entre les
cylindres de travail (3) et les cylindres intermédiai-
res (4) en imposant de l'huile sur lesdits cylindres
de travail (3) lorsque l'extrémité de tête de la plaque
(1) est attaquée entre les cylindres de travail (3).

16. Procédé selon la revendication 14 ou 15, caracté-
risé en ce qu'on établit lesdits rouleaux de retenue
(17, 18) à des positions telles qu'ils limitent la ligne
de passage de ladite plaque (1) pour empêcher la
création d'une boucle dudit matériau de plaque en-
tre des postes pendant que ledit matériau de plaque
passe directement sous lesdits rouleaux de retenue
(17, 18) et est attaqué dans le poste suivant, et on
rétracte lesdits rouleaux de retenue (17, 18) au ni-
veau de positions telles que ledit matériau de pla-
que (1) n'est pas amené en contact avec lesdits rou-
leaux lors du fonctionnement d'un dispositif de mise
en boucle (16) agencé entre les postes après que
ledit matériau de plaque ait été attaqué dans le la-
minoir suivant (i).
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