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@ Five-high rolling mill, multi high rolling mill skinpass rolling mill, and rolling method of multi-high
rolling mill.

@ A five-high rolling mill includes upper and lower work rolls of substantially the same diameter; upper and
lower backup rolls supporting the upper and lower work rolls and having a larger diameter than that of the work
rolls: an intermediate roll located between one of the upper and lower work rolls and the associated backup roll
and having a diameter larger than that of the work roll and smaller than that of the backup roll and a drum length
larger than the maximum sheet width of a rolled material; work roll bending devices provided on the respective
roll ends of the upper and lower work rolls; and intermediate roll bending devices provided on the roll ends of
the intermediate roll. ) ‘

A skinpass rolling mill includes upper and lower work rolls of substantially the same and large diameter;
upper and lower backup rolls supporting the work rolls, respectively: an intermediate roll located between the
upper work roll and the upper backup roll and having a diameter within a range between the diameters of the
upper rolls; roll bending devices respectively provided on the roll ends of the intermediate roll; and roll bending
devices respectively provided on the roll ends of the upper and lower work rolls, wherein the intermediate roll
has a larger drum length than the maximum sheet width of a rolled material and smaller than the drum length of
the work roll, and the roll bending devices for the lower work roll are at least provided with a decrease bender
mechanism.

< A muiti-high rolling mill includes upper and lower work rolls of substantially the same diameter and also a
certain number of supporting rolls and a different number of supporting rolls for respectively supporting the work
¢orolls so that sections of the rolling mill above and below a rolled material have sets of the rolls in different
L& numbers; roll bending devices installed on the supporting roll directly supporting the work roll in one of the roll
sets having the larger number of the rolls; and roll bending devices installed on the respective work rolls of the
¢ upper and lower roll sets, wherein the supporting roll in the one roll set having the larger number of the rolls, the
o work roll in the roli set, and the work roll in the other roll set having the smaller number of the rolls are controlled
cwith control degrees of values gradually increasing in this order.
' A rolling method in a multi-high rolling mill is applied to a multi-high rolling mill including upper and lower
B work rolis of substantially the same diameter, upper and lower backup rolls supporting the work rolls,
I'I'Irespectively, and an intermediate roll located between one of the upper and lower work rolls and the associated
backup roll, wherein roll bending devices installed on the intermediate roll and roll bending devices installed on
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the work roll in the roli set where the intermediate roll is disposed are all actuated to controi a composite sheet
of a rolled material over its entire width, and roll bending devices installed on the work roll which is directly
supported by the backup roll are actuated to control the sheet crown of the rolled material at its side end
portions, thereby performing both the composite shape control of the rolled material and the control of the widths
of the side end portions of the rolled material which are not to be rolled.

FIG 1
3 HC
4 — 14
S |
S I by p = T
| j i
= = - 7
] | 6
= —— 8
2 b - -
4 = 5




EP 0 400 568 A2

FIVE-HIGH ROLLING MILL, MULTI-HIGH ROLLING MILL SKINPASS ROLLING MILL, AND ROLLING METHOD

10

15

20

25

30

35

40

45

50

OF MULTI-HIGH ROLLING MILL

BACKGROUND OF THE INVENTION

The present invention relates to a multi-high rolling mill whose sections above and below a rolled
material have different numbers of rolls and, more particularly, to a five-high rolling mill, a multi-high rolling
mill, a skinpass rolling mill, and a roliing method of the multi-high rolling ‘mill which are suitable for skinpass
rolling or rolling of aluminum.

In general, as a rolling mill of a small rolling reduction and a small rolling force, e.g., a skinpass rolling
mill, there has conventionally been often employed a four-high rolling mill which includes upper and lower
work rolls provided with bending devices and upper and lower backup rolls supporting these work rolis, as
disclosed in Japanese Patent Unexamined Publication No. 48-22344.

However, such a four-high rolling mill does not have a sufficient ability in shape control, and
insufficiency of this ability is compensated with various work rolls provided with different crowns. That is
why a six-high rolling mill which is superior in the shape control ability has been suggested and applied to
practical use (see Japanese Patent Examined Publication No. 57-55484). This six-high rolling mill is
arranged in such a manner that upper and lower intermediate rolis are disposed between upper and lower
work rolls of the same diameter and upper and lower backup rolls of the same diameter, respectively, and
that roll bending devices are instalied on the upper and lower work rolls and the upper and lower
intermediate rolls, both sets of these bending devices being capabie of providing a great ability in the shape
control. In case of skinpass rolling with a small rolling reduction, this six-high rolling mill causes portions of
the side ends of a rolling stock to remain non-rolled so that edge wrinkles are formed on the side ends of
the rolling stock, thereby resulting in a problem that formation of such edge wrinkles cannot be adequately
prevented.

A conventional multi-high rolling mill whose sections above and below a rolling stock have different
numbers of rolls or a conventional five-high rolling mill in particular is disclosed in each of Japanese Patent
Examined Publication Nos. 60-48242 and 62-46245. Such a five-high rolling mill includes upper and lower
work rolls of different diameters, with the upper work roll being a roll of the smaller diameter, and thus, a
large rolling reduction can be obtained from a smail rolling force. Further, bending devices are installed on
both the intermediate roll and the lower work roll of the larger diameter so as to cause the five-high rolling
mill to exhibit its abiiity in controlling a sheet crown. Hence it is possible to control a simply curved
(concaved or convex) crown of the rolling stock in its entire width, decrease the rolling force, and enhance
the effect of the benders as a result.

On the contrary, in case of i) a rolling operation with both the rolling reduction and the rolling force
having small values, ii) a rolling operation which requires an excellent ability in the sheet surface' control
enabling composite shape control, and iii) a rolling operation which requires prevention of the edge wrinkles,
for example, in case of skinpass rolling, rough-surface dull rolls, that is, work rolis in the above-mentioned
five-high rolling mill including the upper and lower work rolls of different diameters are extremely shortened
in life and, and the rolled material is apt to be unfavorably warped. Besides, if the work rolls have small
diameters, another problem is caused in that a cross buckle or a folding is apt to be generated during the
rolling operation.

A five-high rolling mill including an intermediate roll which has the same drum length as the width of the
rolled strip sheet, in which upper and lower work rolis of the same diameter are provided with bending
devices, is disclosed in each of Japanese Patent Unexamined Publication No. 54-39349 and Japanese
Patent Examined Publication No. 53-34789.

In use of such five-high rolling mill, it is necessary to replace the intermediate roll with a new one every
time the sheet width of the rolled strip sheet is changed, and the rolling operation must be stopped in each
occasion like this, so that the productivity of the rolling mill will be lowered to a great extent, and that the
rolling mill will fail to be practical in use. Especially in case of a skinpass rolling mill installed in a
continuous annealing line, since a rolling stock of different widths are continuously supplied thereto, the
above-mentioned five-high rolling mill is quite unlikely to be applied to practical use.

Further, five-high rolling mill in which upper and lower work rolls are of the same diameter and these
upper and lower work rolls and an intermediate roll of a diameter smaller than that of the work rolls are
respectively provided with bending devices is disclosed in Japanese Patent Unexamined Publication No.
56-151103. However, the intermediate roll of such five-high rolling mill which has a small diameter and the

3



10

15

20

25

30

35

40

45

50

55

EP 0 400 568 A2

same drum length as that of the backup roll and the work roll, is in contact with the backup roll and the
work roll over its entire length, and therefore, the controi characteristic of the intermediate roll becomes
similar to that of the upper work roll, thereby resulting in a problem that it is basically impossible to
accomplish either the composite shape control or the control for prevention of the edge wrinkles.

SUMMARY OF THE INVENTION

Although the conventional rolling mills described above are all intended to improve the abilities in shape
correction, they cannot satisfactorily perform the skinpass rolling operation in which the rolling reduction
and the rolling force are both small and it is necessary to obtain an excellent quality of the surface. More
particularly, examples of characteristics of the skinpass rolling operation can be expressed as follows:

iy The rolling reduction is not more than several percents, and the roliing force is not more than half
the force of normal cold rolling.

iiy A rough-surface duil roll is often used as a work roll so that the surface of the product will be pear-
skinned.

iif) When the side end portions of the stock remain non-rolled, irregularities (edge wrinkies) of the
surface are formed thereon due to the siretcher strain, and this is because the roiled stock has been
annealed in advance.

iv) Since the stock after the skinpass rolling often becomes a finished product as it is, the product is
required to have an excellent surface quality.

Referring to these characteristics, requirements of a skinpass rolling mill will be reviewed.

First, as for the diameters of work rolls, the rolls are required to have relatively large diameters in order
to prevent the cross buckle or folding in the skinpass rolling operation. Also, it is desirable for upper and
lower work rolls to have the same diameter (practically the same diameter) in terms of lives of dull of the
work rolls and prevention of warping of a strip sheet after the skinpass rolling process.

As for the shape control of the rolling material to obtain a strip sheet of the excellent surface quality, it
is necessary for the rolling mill to have an ability in composite shape control for correcting both of edge
wrinkles and center buckle.

Lastly, it is very important to reduce the widths of the non-rolled side end portions of the strip sheet
where edge wrinkles are formed. Since these portions having edge wrinkles are to be cut off as defective
parts in the following process, reduction of the widths >f the wrinkled portions serves to improve the yield
efficiently.

The characteristics of the rolling mill suitable for the skinpass rolling operation can be summarized as
follows:

1) Work rolls are practically of the same diameter and also of a relatively large diameter.

2) In order to perform the composite shape control for providing the excellent surface quality, two
kinds of control means of different control characteristics are necessary.

3) Third control means other than those means for the composite shape control are required for
reducing the edge wrinkles of the sirip sheet.

An object of the present invention is to provide a five-high rolling mill by which material can be rolled
into a strip sheet having an excellent surface quality even under the conditions of a smali rolling reduction
and a small rolling force and also formation of edge wrinkles on the side end portions of the strip sheet can
be prevented.

Another object of the present invention is to provide a multi-high rolling mill by which formation of such
defects as a cross buckle can be prevented during the rolling operation of a small rolling reduction, the
ability in the composite shape control of the rolled material can be fully exercized, and also formation of any
edge wrinkles on the side end portions of the strip sheet can be prevented.

A still other object of the present invention is to provide a skinpass rolling mill of a compact structure by
which stock can be rolled into a sirip sheet having an excellent surface quality and also formation of any
edge wrinkles on the side end portions of the sirip shest can be prevented.

A further object of the present invention is to provide a rolling method in the mulii-high rolling mill by
which the ability of the composite shape control of the rolled material can be iully exhibited during the
rolling operation of a small rolling reduction and also formation of any edge wrinkles on the side end
portions of the strip sheet can be prevented.

In order to attain the above-stated objects, the present invention provides a five-high rolling mill
including an intermediate roll which has a diameter larger than upper and lower work rolls of substantially
the same diameter and smaller than upper and lower backup rolls, wherein the intermediate roll is formed to
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have a larger drum length than the maximum width of a rolled material, and first roll bending devices are
respectively installed on the roll ends of the upper and lower work rolls, while second roll bending devices
are installed on the roll ends of the intermediate roll.

In an aspect of the present invention it is preferable to improve the roll bending effects so as to obtain a
strip sheet of a more excellent surface quality that the backup roll directly supporting the intermediate roll is
in contact with the intermediate roll over a distance smaller than the drum length of the intermediate roll, or
that backup roll directly supporting the intermediate roll is in contact with the intermediate roll over a
distance larger than the minimum width of the rolled material and smaller than the maximum width of the
same, or that bending devices of the intermediate roll and bending devices on the work roll supported by
the intermediate roll are at least equipped with an increase bender mechanism, while bending devices of
the work roll directly supported by the backup roll are at least equipped with a decrease bender
mechanism.

The present invention also provides a multi-high rolling mill including a certain number of supporting
rolls and a different number of supporting rolls which support upper and lower work rolls of substantially the
same diameter so that sections of the rolling mill above and below a rolled material have sets of the rolls in
different numerals. In the rolling mill, roll bending devices are installed on the supporting roll directly,
supporting the work roll in the roll set of the larger number of the rolls, so as to arrange the upper and lower
roll sets to have different control degrees each indicating an amount of change in a sheet crown of the strip
sheet which can be controlied by the roll bending devices, while roll bending devices are installed on the
respective work rolls in the upper and lower roll sets, in order to differ the control degrees of the sheet
crown which can be controlled by the respective roll bending devices for the upper and lower work rolls,
and thus, the supporting roll in the one roll set of the larger number of the rolls, the work roll in the same
roll set, and the work roll in the other roll set of the smaller number of the rolls are controlled with the
control degrees of values gradually increasing in this order.

Moreover, the present invention provides a skinpass rolling mill including an intermediate roll between
one of upper and lower work rolls of substantially the same and large diameter and the associated one of
upper and lower backup rolls, wherein the intermediate roll has a drum length larger than the maximum
width of a rolled material and smaller than the drum length of the work roll, and roll bending devices are
installed on the roll ends of the intermediate roll. while roll bending devices are respectively installed on the
roll ends of the upper and lower work rolls, the roll bending devices of the lower work roll being at east
equipped with a decrease bender mechanism.

Furthermore, the present invention provides a rolling method in a multi-high rolling mill including upper
and lower work rolls of substantially the same diameter, upper and lower backup rolls respectively
supporting these work rolls, and an intermediate roll located between one of the upper and lower work rolls
and the associated backup roll. in this rolling method applied to the multi-high rolling mill, roll bending
devices installed on the intermediate roll and roll bending devices installed on the work roll in the roll set
where this intermediate roll is disposed are all actuated to control a composite crown of a strip sheet over
its entire width, and roll bending devices instalied on the work roll directly supported by the backup roll are
actuated to control the crown of the strip sheet in its side end portions, thereby performing both of the
composite shape control of the strip sheet and the control of the widths of the side end portions of the strip
sheet which are not to be rolled.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a broken-away front view showing a five-high rolling mill according to an embodiment of the
present invention;

Fig. 2 is a broken-away side view showing the first embodiment of the five-high rolling mill;

Fig. 3 is a schematical view of this embodiment, showing a condition of effects produced by bending
force;

Fig. 4 is a broken-away front view showing a five-high rolling mill according to a different embodi-
ment of the present invention;

Figs. 5A and 5B are schematical views showing a five-high rolling mill according to a still other
embodiment of the present invention;

Figs. 6 and 7 are a broken-away front view and a schematical view showing a five-high rolling mill
according to a further embodiment of the present invention;

Fig. 8 is a diagram showing curves of values of x to certain powers;

Figs. 9 and 10 are diagrams showing the characteristics of control errors (defects of the shape) that
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are controlled by roll bending operations; and
Fig. 11 is a diagram showing a condition of a side end portion of a strip sheet which is not rolled.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The principle of a rolling mill according to the present invention will now be explained.

The present invention provides a multi-high rolling mill which has an excellent ability in composite
shape control for accomplishing improvement of the surface quality of strip sheet so that edge wrinkles can
be prevented from forming on the side ends of strip sheet. For this purpose, the rolling miil of the present
invention includes an intermediate roll disposed between one of upper and lower work rolls having
substantially the same diameter and a backup roll, the drum length of the intermediate roll being formed to
be larger than an extent of the maximum width of the strip sheet, and the upper and lower work rolls and
the intermediate roll are respectively provided with roll bending devices which have different control
characteristics for moderating a crown shape of the strip sheet.

According to the present invention, the composite shape control of strip sheet is mainly performed by
the intermediate roll bender and the work roll bender on one side where the intermediate roll is disposed,
s0 as to improve the surface quality of the strip sheet, and the widths of side end portions of the sirip sheet
which have not been rolled are controlled by the work roll bender on the other side where the intermediate
roll is not disposed, so as to remarkably reduce the non-rolied side end portions of the strip sheet, thereby
preventing the formation of edge wrinkles.

The rolling mill of the present invention is provided with the roll benders of three kinds. ie.. the
intermediate roll bender, the work roll bender on the side where the intermediate roll is disposed
(hereinafter referred to as the 6H-side), and the work roll bender on the side where the intermediate roll is
not disposed (hereinafter referred o as the 4H-side). These roll benders have such shape conirol degrees
as to differ the respective characteristics for controlling the crown of the rolled strip sheet from one another,
and thus, not only the composite shape but aiso the widths of the side end portions having edge wrinkles
can be controlled. In case of a five-high rolling mill, for example, having roll sizes representative of a
skinpass rolling mill where the work roll is 475 mm in diameter; the intermediate roll is 530 mm in diameter;
the backup roll is 1000 mm in diameter; and the rolling surface of each rofl is 2050 mm long with a sheet
width of 1880 mm. calculation results of control degrees of the respective benders are shown in Table 1. In
this case, a contirol degree expresses a change of crown of rolled strip sheet which can be controlled by the
roll bending devices.

Table 1

Control degrees by roll bending

Case 4H-side 6H-side Control
work roll degree
Work Intermediate
Roll Roll
1 O - - 2.8
2 - O - 2.2
3 - - O 1.8
4 @] O - 2.4

In Table 1, Case 1 indicates a control degree when only the roll bender for the 4H-side work roll directly
supported by the backup roll is actuated, and this control degree generally has a value from 2.6 to 3.3.
Case 2 indicates a control degree when only the roll bender for the 6H-side work roll supported by the
intermediate roll is actuated, and this control degree generally has a value from 2.0 to 2.5. Case 3 indicates
a control degree when only the roll bender for the intermediate roll is actuated, and this control degree
generally has a value from 1.7 to 1.9. Further, Case 4 indicaies a control degree when both of the above-
mentioned roll benders for the 4H-side and 6H-side work rolls are actuated.

As shown above in Table 1, it is difficult to offer the effect of the 4H-side work roll bender of the five--
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high rolling mill onto the center of the rolled strip sheet because the associated work rolf is in contact with
the backup roll of an extremely high flexural rigidity over the entire length, thus resulting in a high control
degree. On the other hand, the effect of the 6H-side work roll bender is readily produced at the center of
the strip sheet because the associated work roll is in contact with the intermediate roll, and the control
degree is lower than that of the 4H-side bender. The intermediate roll bender tends to produce the effect
essentially at the center of the strip sheet, and therefore, the control degree has the smaliest value.

As disturbances for shape in the skinpass rolling process, there are a change of rolling force, a change
of the sheet crown, and a change of a thermal crown of work rolls. Changes of the rolling force and the
sheet crown are depicted with substantially the same curve of the second degree, and the thermal crown in
case of the skinpass rolling process is changed as time elapses, depicting a curve of the 1.8 to 2.5 degree.
Consequently, the composite shape control is necessary to obtain a desirable shape and two kinds of shape
control means are required for this composite shape conirol, with its control degree being preferably in a
range of 1.8 to 2.5.

Now, speculation is given to errors in the shape control, i.e., defects of the surface shape.

In case of controlling a shape disturbance xR by means of one kind of bender having a degree m, an
error affjter shape correction can be expressed with the following equation: -

y = - ax™

In this case although a coefficient a can be changed by force of the bender, the degree m will not be
changed. Even if the force of the bender is suitably selected, i.e., even if the coefficient a has an optimum
value, the value y will not become zero in the entire w dth of the strip sheet unless g is equal to m, thereby
resulting in the error as indicated with a chain line in Fig. 9. This error has two extreme values, “and when
these extreme values are denoted by 8 and &z, the maximum value & can be derived from the following
equation:

RB(m - RB)
§ = max(Sl,Sz) = vee (1)
(m + B + 1)(B + 1)

Similarly, in case of controlling the shape disturbance xB by means of two kinds of benders having
degrees m and n, an error after shape correction can be expressed with the following equation (as indicated
with a dashed line in Fig. 10):

y = xR - (ax™ + bx")

in this case, coefficients a and b can be changed by force of the benders. In the same manner as
described above, even if the force of the benders is suitably selected, there remains the error unless § is
equal to m or 8 is equal to n. This error has three extreme vaiues, and the maximal value & can be derived
from the following equation:

(m - B)Y(n - B)

§ = (8§,,6,,8 =
max(8y:82:83) (m+ B+ 1)(n+ B+ 1)

(2)

It is clearly understood from the equations (1) and (2) that the error in case of the control by two kinds
of benders is remarkably smaller than that of the control by one kind of bender. This is numerically shown
in Table 2.
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Table 2
Errors in shape control
Case Degree of Control Shape
’ disturbance degree defect %
m n
1 2 1.8 | 22 0.16
2 25 1.8 | 24 0.22
3 2 2.2 - 2.6
4 2 2.8 - 10.2

For example, when the disturbance of the second degree is conirolled by one kind of bender having a
degree of 2.2, the error is 2.6%. and when it is controlled by two kinds of benders having degrees of 1.8
and 2.2, the error is drastically reduced to 0.16% (which is 1:16.3 of 2.6%).

Next, there will be considered a case of controlling two kinds of shape disturbances having degrees of

B1 and B2 by means of two kinds of benders having degrees m and n. In this case, It is not necessary to
control the disturbance with the degree 8+ by means of the bender with the degree m and control the
disturbance with the degree 82 by means of the bender with the degree n, but the following steps may be
taken. That is to say, the disturbance with the order 8; is controlled by the benders with the degrees m and
n, and its error is expressed with 5a. Also, the disturbance with the degree B2 is controlled by the same
benders with the degrees m and n. its error is expressed with ég. This operation can be carried out when
the benders are equipped with the abilities for that purpose.
8p = max{x’g1 - (am™ + bixM} (3)
sg = max{xB2 - (@;m™ + bx")}  (4)
In this case, the overall shape defect (i.e., errors) can be expressed with § = 54 + &g, and because each of
the errors 85 and &g is exitremely small, the overall shape defect can be also made very smail. In the rolling
mill according to the present invention, as described so far, three kinds of benders having control degrees
different from one another can perform the control. In the above embodiment, for example. the intermediate
roll bender conducts the control with the degree of 1.8; the 6H-side work roll bender conducts the control
with the degree of 2.2; and the 4H-side work roll bender conducts the control with the degree of 2.8.
Therefore, the composite shape control and the control of the widths of the wrinkled side end portions can
be simultaneously effected. It is ideal to perform the composite shape control of strip sheet material by the
intermediate roll bender and the 6H-side work roll bender and to control the widths of wrinkled side end
portions of the rolled strip sheet by means of the 4H-side work roll bender. Actually, if the 4H-side work roll
bender is functioned, the shape will be disturbed, and therefore, it will be necessary 1o shghtly change the
force of the intermediate roll bender and that of the 6H-side work roll bender. Results of simulations
concerning relations between the force of the benders and the shape are shown in Table 3. If the force of
the 4H-side work roll bender is changed from -30% to 1008, it will be understood how much the widths of
the non-rolled side end portions of the strip sheet can be changed. In this case. the force of the
intermediate roll bender and that of the 6H-side work roll bender are slightly changed not to disturb the
shape of the central portion of the strip sheet.
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As described so far, the five-high rolling mill according to the present invention makes it possible fo
reduce the widths of the wrinkled side end portions to a great extent while maintaining the strip sheet in the
desirable shape. This has never been accomplished by any conventional five-high rolling mill before.

The point of the invention is that the control degrees m and n differ from each cther as much as
possible, i.e., it is more preferable that the control degree of the 4H-side work roll bender has a value, for
example, from 2.6 to 3.3 at most; the control degree of the intermediate roll bender has a vaiue from 1.7 to
1.9 at least; and the control degree of the 6H-side work roll bender has a value between that of the 4H-side
work roll bender and that of the intermediate roll bender, e.g., from 2.0 to 2.4. For establishing this
relationship, the intermediate roll is required to have a diameter larger than that of the work rolls. In case the
control degrees m has value close to that of the conirol degree n, the effect will not be much different from
that of the control by one kind of bender, thereby causing a large— shape defect.

A rolling mill according to one embodiment of the present invention will be hereinafter described with
reference to Figs. 1, 2 and 3. In these drawings, reference numerals 1 and 2 denote upper and lower work
rolls which are arranged to have substantially the same diameter. Reference numerals 3 and 4 are upper
and lower backup rolls, and reference numeral 5 denotes an intermediate roll which is disposed between
one of the work rolls, i.e., the upper work roll 1 and the upper backup roll 3. increase bending cylinders 10
for the upper work roll 1 are provided in projecting blocks 17 for sustaining bearing boxes 7 of the 6H-side
upper work roll 1, respectively. Also, increase bending cylinders 11 and decrease bending cylinders 12 for
the lower work roll 2 are provided in the same projecting blocks 17 for sustaining bearing boxes 8 of the
lower work roll 2, respectively. These bending cylinders 10, 11 and 12 exert the bending force on the
respective bearing boxes 7 and 8 of the upper and lower work rolls 1 and 2 so as io control degrees of
bending of the work rolls 1 and 2. As for the intermediate roll 5, bending cylinders 13 provided in projecting
blocks 19 for sustaining bearing boxes 9 thereof are arranged to exert the bending force on such bearing
boxes 9, thus causing the intermediate roll 5 to be bent.

Since the five-high rolling mill is of the above-described structure, the bending effect of the 6H-side
upper work roll 1 only reaches the vicinities of the end portions of the upper work roll 1 due to the existance
of the intermediate roll so that the thicknesses of side end portions of strip sheet 6 can be controlled by
bending the axis of the work roll 1 in the vicinities of its end portions. Besides. since the bending effect of
the intermediate roll 5 covers the roll in its entire length, the sheet thickness over the entire width can be
controlled by controlling the axial bending of the intermediate roll in the entire length through the work roll
1. Therefore, the composite shape control of the sirip sheet can be achieved by properly combining these
two kinds of roll bending effects, thereby enabling the rolling of the strip sheet having an excellent surface
quality under the conditions of a small rolling reduction and a small rolling force.

On the other hand, the bending effect of the 4H-side lower work roll 2 does not reach the center of the
lower work roll 2, and accordingly. the axial bending of this work roll in its end portions is largely controlled,
so that the side end portions of the sirip shest which have not been rolled conventionally can be effectively
rolled, thus preventing edge wrinkles from being produced on the side end portions of the strip sheet.

Especially, the decrease benders 12 serving as the rolling bending devices provided on the 4H-side
work roll 2 cause the side end portions of the work roll 2 to be bent toward the strip sheet 6 and pressed
onto the surface of the strip sheet so as to remarkably reduce the non-rolled side end portions of the sirip
sheet 8, thereby preventing the formation of edge wrinkles (see Fig. 11).

In the above description of the rolling mill, the 8H-side work roll benders 10 and the intermediate roll
benders 13 are nothing but increase benders. However, it goes without saying that if the shape is largely
disturbed, for example, if the rolling force is large, or if the change of the sheet crown is large, decrease
benders in addition to the increase benders are installed for expanding the conirol range of the bending so
as to deal with the shape disturbance mentioned above. Moreover, in order o enhance the effect of the
present invention, the effective drum length of the 6H-side backup roll 3 is made smalier than the maximum
width of the strip sheet 6, as shown in Figs. 4, 5A and 5B. In other words, as shown in Fig. 5B, when the
effective drum length of the 4H-side backup roll 4 is expressed by L, the maximum sheet widih is
expressed by Bmax, and the effective drum length of the 6H-side backup roll 3 is expressed by {, they are
arranged in a relation L > Bmax > L. Alternatively, as shown in Fig. 5A, when the backup roll 4 is suitably
provided with a roll crown of a high degree. the bonding effects of the 6H-side work roll 1 and the
intermediate roll 5 can be enhanced without changing the control degrees of the work roll 1 and the
intermediate roll 5.

When the effective drum length of the 6H-side backup roll is made smaller than that of the intermediate
roll, or when the intermediate roll is oscillated by a stroke of + 10 mm or so in case of the five-high rolling
mill including the 6H-side backup roll which is provided with a relatively large roll crown when applied to the
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rolling condition of a large rolling force, defects caused by the shoulders of the backup roll can be
prevented from remaining on the strip sheet conveniently.

Furthermore, in case the drum length of the intermediate roll 5 is made larger than the maximum sheet
width Bmax Of the strip sheet 6, and the backup roll 3 directly supporting this intermediate roll 5 is formed to
be in contact with the intermediate roll 5 over a distance larger than the minimum sheet width Bmin of the
strip sheet and smaller than the maximum sheet width Bmax Of the same, both the bending effects of the
work roll and the intermediate roll can be further enlarged without changing the control degrees.

Next, the rolling mill according to the present invention can be also described as follows. That is to say,
a multi-high rolling mill is constituted of the upper and lower work rolls 1 and 2 of substantially the same
diameter and also a certain number of supporting rolls and a different number of supporting rolls for
respectively supporting these work rolls 1 and 2 so that the upper section and the lower section of the
rolling mill with respect to the strip sheet include sets of the rolls in different numbers. The roll bending
devices 13 are installed on the supporting roll 5 which directly supports the work roll 1 in the roll set having
the larger number of the rolls, and the upper and lower roll sets are arranged to have different control
degrees each indicating a degree of change in the sheet crown of the strip sheet which can be controlled
by the roll bending devices 13. The roll bending devices 10 and 11 are installed on the respective work rolls
1 and 2 of the upper and lower roll sets in order to differ the control degrees of the sheet crown for the
upper and lower work rolls 1 and 2 which can be controlled by the respective roll bending devices 10 and
11, and as for the control orders of these roll bending devices 13, 10 and 11, the supporting roll 5 in one of
the roll sets having the larger number of the rolls, the work roll 1 in this roll set, and the work roll 2 in the
other roll set having the smaller number of the rolls are controlled with the control degree of values
gradually increasing in this order.

As shown in Table 1, seeing that the control degree of the roll bending devices for the supporting roll 5
in the one roll set having the larger number of the rolis has a value which is set close to and not more than
2, e.g., 1.8; that of the devices for the work roll 1 in this roll set has a value which is set close to and not
less than 2, e.g., 2.2; and that of the devices for the work roll 2 in the other roll set having the smaller
number of the rolls has a value which is set close to and not more than 3, e.g., 2.8, the rolling mill of the
invention significantly requires including three kinds of control means which have control orders different
from one another.

Another embodiment for enhancing the roll bending effects of the rolling mill according to the present
invention is shown in Figs. 6 and 7, in which the drum length of the 6H-side intermediate roll 5 is made as
small as possible in a range larger than the maximum sheet width of the strip sheet 6. That is to say, when
the intermediate roll 5 has a smail drum length, the end portions thereof are not in contact with the backup
roll 3 of a large diameter, and consequently, not only the effect of the benders for the 6H-side intermediate
roll 5 but also the effect of the benders for the upper work roll 1 is enhanced. The reason why the drum
length of the intérmediate roll is larger than the maximum sheet width in this embodiment is that if the drum
length of the intermediate roll is smaller than the maximum sheet width, the surface roughness of a portion
of the work roll which is in contact with the intermediate roll will differ from that of a portion of the work roll
which is not in contact with it, and as a result, the roughness of the sheet surface will be varied, thus
damaging the surface quality of the strip sheet. This is particularly noticeable when the work roll is a dull
roll.

In this manner, the five-high rolling mill of the present invention is exquisitely equipped with both the
characteristic of a six-high rolling mill that the roll bending effect is apt to reach the center of the strip sheet
and the characteristic of a four-high rolling mill that the roll bending effect is apt to be produced on the side
end portions of the strip sheet. Thus, there can be provided the multi-high rolling mill which is capable of
multiple bending control of the work rolls, efficient control of the shape of the strip sheet, and preventing the
formation of edge wrinkies.

A rolling method of the multi-high rolling mill according to the present invention will be described
hereinbelow.

in this rolling method, there is employed the multi-high rolling mill including the upper and lower work
rolls 1 and 2 of substantially the same diameter, the upper and lower backup rolls 3 and 4 supporting those
work rolls 1 and 2, respectively, and the intermediate roll 5 located between one of the upper and lower
work rolls 1, 2 and the associated backup roll 3, 4. The roll bending devices 13 installed on the intermediate
roll 5 and the roll bending devices 10 installed on the work roll in the roll set where the intermediate roll is
disposed are both actuated to control the composite sheet crown of the strip sheet 6 in its entire width, and
the roll bending devices 11 which are installed on the other work roll directly supported by the associated
backup roll are actuated to control the sheet crown of the side end portions of the strip sheet 6. In this
manner, the rolling method is arranged to perform both the composite shape control of the strip sheet and
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the control of the widths of the non-rolled side end portions of the strip sheet. Therefore, by properly
combining the effects of the bending operations which have control characteristics different from each other,
i.e., the effect of bending the intermediate roll which enables the bending control over the entire length of
the roll and the effect of bending the work roll in the roll set where the intermediate roll is disposed which
enables the bending control of the vicinities of the roll end portions, the sheet thickness in the entire width
can be desirably controlled and thus, it is possible to provide the rolling method which can effect the
composite shape control of the strip sheet even when the rolling operation is performed under the condition
of a small rolling reduction. In addition, due to the bending effect of the work roll directly supported by the
associated backup roll, the end portions of this work roll are largely bent to effectively control the thickness
of the side end portions of the strip sheet 6 and reduce the widths of the non-rolled portions, and
consequently, it is possible to provide the rolling method which can sufficiently prevent edge wrinkles from
forming on the side end portions of the strip sheet.

Although the above description relates to the skinpass rolling mill, it should be noted that when the
rolling mill of the present invention is applied as a rolling mill of a small rolling force for materials such as
copper and aluminum except iron, it is {o effective that the composite shape control covering a wide range
can be performed.

The present invention can provide a rolling mill which has an excellent ability in the composite shape
control for remarkably improving the surface quality of the strip sheet and which reduces the non-rolled
portions in the vicinities of the sheet side ends for preventing the formation of edge wrinkles. thereby
producing a great effect.

Claims

1. In a five-high rolling mill including upper and lower work rolls of substantially the same diameter,
upper and lower backup rolls supporting the upper and lower work rolls and having larger diameter than that
of these work rolls, and an intermediate roll located between one of the upper and lower werk rolls and the
associated backup roll and having a diameter larger than that of the work roll and smaller than that of the
backup roll, the improvement wherein said intermediate roll has a larger drum length than the maximum
sheet width of rolled material, and work roll bending devices are provided on the respective roll ends of said
upper and lower work rolls while intermediate roll bending devices are provided on the roll ends of said
intermediate roll.

2. In a five-high rolling mill including upper and lower work rolls of substantially the same diameter,
upper and lower backup rolls supporting the upper and lower work rolls and having a larger diameter than
that of the work rolls, and an intermediate roll located between one of the upper and lower work rolls and
the associated backup roll, the improvement wherein said intermediate roll has a larger drum length than
the maximum sheet width of rolled material, and said backup roll directly supporting the intermediate roll is
in contact with the intermediate roll over a distance smaller than the drum length of the intermediate roll,
work rofl bending devices being provided on the respective roll ends of said upper and lower work rolls
while intermediate roll bending devices are provided on the roll ends of said intermediate roll.

3. In a five-high rolling mill including upper and lower work rolis of substantially the same diameter,
upper and lower backup rolls supporting the upper and lower work rolls and having a larger diameter than
that of the work rolls, and an intermediate roll located between one of the upper and lower work rolls and
the associated backup roll, the improvement wherein first and second roll bending devices are respectively
provided on the roll ends of one of the work rolis directly supported by said intermediate roll and on the roll
ends of the other of the work rolls directly supported by said backup roll, and third roll bending devices are
provided on the roll ends of said intermediate roll,
said first roll bending devices disposed on the one of the work rolls and said third roll bending devices
disposed on the intermediate roll being at least provided with an increase bender mechanism while said
second roll bending devices disposed on the other of the work rolls are at least provided with a decrease
bender mechanism.

4. A five-high rolling mill according to Claim 3, wherein said first to third roll bending devices can be
individually actuated.

5. In a five-high rolling mill including upper and lower work rolis of substantially the same diameter,
upper and lower backup rolls supporting the upper and lower work rolls and having a larger diameter than
that of the work rolls, and an intermediate roll located between one of the upper and lower work rolls and
the associated backup roll, the improvement wherein said intermediate roll has a larger drum length than
the maximum sheet width of rolled material, and said backup roll directly supporting the intermediate roll is
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in contact with the intermediate roll over a distance larger than the minimum sheet width of the rolled
material and smaller than the maximum sheet width of the same, first and second roll bending devices
being provided on the respective roll ends of said upper and lower work rolls while third roil bending
devices are provided on the roll ends of said intermediate roll.

6. In a multi-high rolling mill including upper and lower work rolls of substantially the same diameter and
also a certain number of ‘supporting rolls and a different number of supporting rolls for respectively
supporting the work rolls so that sections of the roliing mill above and below the rolled material have sets of
the rolls in different numbers, the improvement wherein roll bending devices are installed on the supporting
roll directly supporting the work roll in the roll set having the larger number of the rolls, so as to arrange the
upper and lower roll sets to have different control degree each indicating a degree of change in a shest
crown of the rolled material which can be controlled by said roll bending devices, and roll bending devices
are installed on the respective work rolls of the upper and lower roll sets in order to differ the control
degrees of the sheet crown for the upper and lower work roils which can be controlled by the respective roll
bending devices, so that the supporting roll in one of the roll sets having the larger number of the rolls, the
work roll in this roll set, and the work roll in the other roll set having the smaller number of the rolls are
controlled with the control degrees of values gradually increasing in this order.

7. A multi-high rolling mill according to Claim 6, wherein the control degree of the roll bending devices
for said supporting roll in the one roll set having the larger number of the rolls has a value which is set
close to and not more than 2, that of the devices for the work roll in this roll set has a value which is set
close to and not less than 2, and that of the devices for the work roll in the other roll set having the smaller
number of the rolls has a value which is set close to and not more than 3.

8. A multi-high rolling mill according to Claim 7, wherein said value of the control degree close to and
not more than 2 is set in a range from 1.7 to 1.9, said value of the control degree close to and not less than
2 is set in a range from 2.0 to 2.5, and said value of the control degree close to and not more than 3 is set
not less than 2.6, and is set not more than 3.3 in case that it exceeds 3.

9. In a five-high skinpass rolling mill including upper and lower work rolis of substantially the same and
large diameter, upper and lower backup rolls supporting the work rolls, respectively, and an intermediate roll
located between the upper work roli and the upper backup roll and having a diameter within a range
between the diameters of the rolls, the improvement wherein said intermediate roll has a larger drum length
than the maximum sheet width of a rolled material and smaller than the drum length of the work roll, and
roll bending devices are respectively provided on the roll ends of the intermediate roll while roll bending
devices are respectively provided on the roll ends of the upper and lower work rolls, so that the roll bending
devices for the lower work roll are at least provided with a decrease bender mechanism.

10. A five-high skinpass rolling mill according to Claim 9, wherein the roll diameter of said upper and
lower work rolls is set not less than 450 mm.

11. A five-high skinpass rolling mill according to Claim 9, wherein the drum length of said backup roll
directly supporting the intermediate roll is set smaller than that of the intermediate roil.

12. In a rolling method in a multi-high rolling mill including upper and lower work rolis of substantially
the same diameter, upper and lower backup rolls supporting the work rolls, respectively, and an intermedi-
ate roll located between one of the upper and lower work rolls and the associated backup roll, the
improvement wherein roll bending devices installed on the intermediate roll and roil bending devices
installed on the work roll in the roll set where the intermediate roll is disposed are all actuated to control a
composite sheet crown of a rolled material over its entire width, and roll bending devices instailed on the
work roll which is directly supported by the backup roll are actuated to control the sheet crown of the rolled
material at its side end portions, thereby performing both the composite shape control of the rolled material
and the control of the widths of the side end portions of the rolled material which are not to be rolled.

13. A rolling method in a multi-high rolling mill according to Claim 12, wherein said roll bending devices
are arranged to be actuated during a rolling operation under the conditions of a small rolling reduction and a
small rolling force.
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