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) Rolling mill.

@ A rolling mill including a split type backing-up
roll, which can form a crown pattern most suitable
for control of a sheet configuration of given strip fo
be rolled, is disclosed herein. Outer diameters of a
center backing-up roll (3a), quarter backing-up rolls
(3b) and side backing-up rolls (3c) are made iden-
tical, an axis of the center backing-up roll (3a) and
axes of the both side backing up rolls (3c) are
arranged as displaced from an axis of a roll shaft in
the opposite directions to each other, axes of the
both quarter backing-up rolls (3b) are displaced from
the axis of the above-mentioned roll shaft in the

direction crossing at a desired angle with a straight
line connecting the axis of the above-mentioned cen-
ter backing-up roll (3a) and the axes of the above-
mentioned side backing-up rolls (3c), and thereby it
is made possible to obtain many kinds of crown
patterns. Similar rolling mills including a split type
backing-up roll having a number of different con-
structions are also disclosed.
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BACKGROUND OF THE INVENTION:
1. Field of the Invention:

The present invention relates to a split type
backing-up roll in a rolling mill which can change a
roll crown.

2. Description of the Prior Art:

In the case of carrying out rolling of steel
sheets, sometimes edge elongation and distortion
would occur. In the event that edge elongation has
occurred, it is dealt with by carrying out change
and adjustment of a roll crown.

As to a rolling mill roll capable of changing its
roll crown, a sleeve-system slit type backing-up roll
used as an upper or lower backing-up roll of a four-
stage rolling mill as shown in Fig. 16, has been
known.

In this backing-up roll, on a roll shaft 51 are
formed a center eccentric shaft portion 51a, a pair
of left and right quarter eccentric shaft portions 51b
and a pair of left and right side eccentric shaft
portions 51c, respectively, having different eccen-
tric directions and different diameters, roll bearings
52a - 52c are respectively fitted around these ec-
centric shaft portions 51a - 51¢, and the outer rings
of these respective roll bearings 52a - 52c form a
freely rotatable center backing-up roll 53a, a pair of
left and right quarter backing-up rolls 53b and a
pair of left and right side backing-up rolls 53c.
Around these axially splitted backing-up rolls 53a -
53c is loosely fitted a cylindrical sleeve 55.

By means of the above-mentioned members,
an upper split type backing-up roll 59 is con-
structed.

The opposite ends of the roll shaft 51 are
supported by bearing boxes 56, and at one end of
the roll shaft 51 are equipped a worm wheel 57 and
a worm 58. It is to be noted that in Fig. 16,
reference numeral 50 designates an upper work
roll, numeral 60 designates a lower work roll, nu-
meral 61 designates an integral type lower back-
ing-up roll, and numeral 66 designates bearing
boxes.

Fig. 17 is a schematic view showing an eccen-
tric condition of the upper split type backing-up roll
59, in which axes Oa, Ob and Oc of the respective
backing-up rolls 53a, 53b and 53c deviate from an
axis O of the roll shaft 51, and the side backing-up
roll 53c is smaller in diameter than the center
backing-up roll 53a and the quarter backing-up rolls
53b.

At the time rolling a strip S by means of a
rolling mill having the above-mentioned split type
backing-up roll 59, the upper work roll 50 is sup-
ported by this upper split type backing-up roll 59
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by forcibly lowering the bearing boxes 56, and
starting from this condition by appropriately rotat-
ing the roll shaft 51 via the worm 58 and the worm
wheel 57, a roll crown corresponding to a sheet
configuration of the strip S is formed. In Fig. 18 is
shown variation of a crown pattern at the depress-
ing position.

In the case of the heretofore known split type
backing-up roll, varieties of the crown patterns were
few, also variation of the crown pattern by rotating
the roll shaft was large, hence fine adjustment
thereof was difficult, and therefore, in rolling of a
strip, a sheet configuration of the strip could not be
fully controlled.

On the other hand, when a sheet material is
rolled, due to heat generation caused by this roll-
ing, as shown in Fig. 19, a range of the sheet
material width size W of the work rolls 50 and 60 is
heated and raised in temperature by this rolling,
and a thermal crown as shown by double-dot chain
lines is created.

Fig. 20 is a front view showing a general con-
cept of a rolling mill making use of a heretofore
known sleeve-system split type backing-up roll on
which a thermal crown was created, Fig. 21 is a
schematic view showing an eccentric state and a
depressing state of the same split type backing-up
roll, and Fig. 22 is a diagram showing a crown
pattern at a depressing position of the backing-up
roll shown in Fig. 21.

Fig. 20 shows a rolling mill, in which working
rolls 50 and 60 are pressed via backing-up roll
chocks 75 and sleeve-system split type backing-up
rolls 80 consisting of anti-friction bearings 73a, 73b
and 73c rotatably mounted to a roll shaft 71 rotat-
able by desired angles and having their respective
axes Oa, Ob and Oc displaced from an axis O of
the roll shaft 71 as shown in Fig. 21, and a cylin-
drical sleeve 55 loosely fitted around the split type
backing-up roll to form an outer shaft of the anti-
friction bearings 73a, 73b and 73c.

If a sheet material S is rolled by pressing the
work rolls 50 and 60 on which thermal crown were
created in the above-described manner, then in
quarter portions Sa, which are the places distant
from the opposite edges of the sheet material S by
10 mm - 200 mm, would occur the so-called quar-
ter elongations.

In order to prevent generation of such quarter
elongations, in the prior art, a method of strongly
depressing only the center and opposite edge por-
tions of a sheet by rotating the roll shaft 71 so that
the depressing position may be chosen at 315° as
shown in Figs. 20, 21 and 22 to give a crown
pattern of the shape shown in Fig. 22 to the sleeve-
system split type backing-up roll 80, was em-
ployed, or else creation of the thermal crown was
prevented through a method of cooling the work
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rolls 50 and 60 by spraying liquid coolant to them.

However, through the above-described meth-
ods in the prior art, prevention of generation of
quarter elongations as well as prevention of cre-
ation of a thermal crown were not always sufficient.

In addition, while the crown pattern of the
shape shown in Fig. 22 is effective for a particular
sheet width, that is, for particular positions of quar-
ter elongations, if the sheet width is changed and
the positions of quarter elongations are displaced
from the splitted roll position 73b, the crown pat-
tern becomes ineffective.

Also, since the temperature-rise of the work
rolls 50 and 60 became large if a rolling speed was
raised, there were various disadvantages such that
speed-up of a rolling line was difficult.

SUMMARY OF THE INVENTION:

It is therefore one object of the present inven-
tion to provide a rolling mill including a split type
backing-up roll which can form a crown pattern
most suitable for sheet configuration control of a
strip.

Another object of the present invention is to
provide a rolling mill including a novel split type
backing-up roll, which makes it possible to easily
perform sheet configuration control of a strip, and
which can improve quality of products.

Still another object of the present invention is
to provide a novel method of rolling sheet materi-
als, which can fully prevent creation of a thermal
crown.

According to one feature of the present inven-
tion, there is provided a rolling mill including work
rolls and a split type backing-up roll constructed by
rotatably fitting around a roll shaft a center backing-
up roll, a pair of quarter backing-up rolls and a pair
of side backing-up rolls splitted in the direction of
the roll shaft, and loosely fitting a cylindrical sleeve
around the outer circumferential surfaces of these
respective backing-up rolls, improved in that an
axis of either one of the above-mentioned center
backing-up roll and the above-mentioned quarter
backing-up roll and an axis of the aforementioned
side backing-up rolls are positioned as displaced
from an axis of the above-mentioned roll shaft in
the opposite directions to each other, and that an
axis of the other one of the aforementioned center
backing-up roll and the above-mentioned quarter
backing-up rolls is positioned as displaced from the
axis of the above-mentioned roll shaft in the direc-
tion crossing at a desired angle with a straight line
connecting the axis of the aforementioned side
backing-up roll and the axis of the above-men-
tioned either one roll.

The above-described respective backing-up
rolls can be formed in various modes of embodi-
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ments such that they are formed, for instance, to
have the same outer diameters, or the outer diam-
eters of the above-mentioned either one backing-
up roll and the aforementioned side backing-up roll
are made smaller than the outer diameter of the
above-mentioned the other backing-up roll.

In the case where the center backing-up roll,
the quarter backing-up rolls and the side backing-
up rolls have been arranged in an eccentric state
shown in Fig. 2 according to the present invention
described above, each time the roll shaft of this
split type backing-up roll is rotated by 45°, a
crown pattern of the backing-up roll at its de-
pressed position would change as shown in Fig. 3,
and a large variety of crown patterns can be
formed.

Alternatively, in the case where the center
backing-up roll, the quarter backing-up rolls and
the side backing-up rolls have been arranged in the
eccentric state shown according to the present
invention, when a strip is rolled by a rolling mill
including this split type backing-up roll, each time
the roll shaft is rotated by 45°, the crown pattern at
its depressed position would change smoothly and
largely from a flat crown pattern at position | to
crown patterns at positions lll, V, VIl and VIIl shown
in Fig. 6. Accordingly, during rolling of a strip, the
roll shaft is rotated by an appropriate angle while
observing the rolled sheet shape, and thereby an
optimum crown pattern for control of the sheet
configuration is formed.

Also, according to another feature of the
present invention, there is provided a rolling mill
including work rolls and a split type backing-up roll
constructed by rotatably fitting around a roll shaft a
center backing-up roll, a pair of quarter backing-up
rolls and a pair of side backing-up rolls splitted in
the direction of the roll shaft and loosely fitting a
cylindrical sleeve around the outer circumferential
surfaces of these respective backing-up rolls, im-
proved in that axes of the above-mentioned both
quarter backing-up rolls are positioned at the same
place as an axis of the aforementioned roll shaft,
an axis of the above-mentioned center backing-up
roll is positioned as displaced from the axes of the
above-mentioned roll shaft and the above-men-
tioned quarter backing-up rolls, and axes of the
above-mentioned both side backing-up rolls are
positioned as displaced from the axis of the afore-
mentioned roll shaft in the direction crossing at a
desired angle with a straight line connecting the
axes of the aforementioned roll shaft and the afore-
mentioned quarter backing-up rolls and the axis of
the above-mentioned center backing-up roll.

In these respective backing-up rolls, for in-
stance, the above-mentioned center backing-up roll
and the above-mentioned both quarter backing-up
rolls could be formed to have an identical outer
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diameter and the outer diameters of the above-
mentioned both side backing-up rolls could be
made smaller than the outer diameters of the afore-
mentioned center backing-up roll and the afore-
mentioned quarter backing-up rolls.

In the case where the center backing-up roll,
the quarter backing-up rolls and the side backing-
up rolls have been arranged in an eccentric state
shown in Fig. 8 according to the present invention,
each time the roll shaft of this split type backing-up
roll is rotated by 45°, a crown pattern of the
backing-up roll at its depressing position, would
change as shown in Fig. 9, and the pattern change
is effected smoothly.

During a rolling operation of a strip, the roll
shaft is rotated by an appropriate angle while ob-
serving the rolled sheet shape, and thereby the
crown pattern is smoothly changed to an optimum
crown pattern for control of the sheet configuration.

It is to be noted that according to the present
invention as featured above, the term "desired an-
gle" means that the crossing angle could be ar-
bitrarily chosen in the range of 20° - 160°.

According to still another feature of the present
invention, there is provided the above-featured roll-
ing mill, further improved in that bending cylinders
are provided in respective roll chocks of the above-
mentioned backing-up rolls, and decrease bending
is given to the work rolls by pushing the roll chocks
of the above-mentioned work rolls by means of the
same bending cylinders.

In this way, quarter elongations of sheets can
be eliminated by giving decrease bending to the
work rolls owing to employment of the bending
cylinders.

According to yet another feature of the present
invention, there is provided a method of rolling
sheet materials, consisting of the steps of support-
ing work rolls by means of a split eccentric roll
type backing-up roll splitted into three or more
along the direction of a roll shaft, forming a crown
pattern of the backing-up roll in a dish-shape or in
a V-shape to depress one or both of the upper and
lower work rolls, thereby giving a dish-shaped or V-
shaped roll crown pattern to the above-mentioned
work rolls, and giving decrease bending fo the work
rolls by pressing a work roll chocks by means of
the respective bending cylinders provided in the
backing-up roll chocks.

If the above-featured method of rolling sheet
materials according to the present invention is
practiced, when a thermal crown has been created
on a work roll by heat-generation and temperature-
rise due to rolling of the sheet materials, in the
case where a width of the sheet material fo be
rolled is broad, a dish-shaped crown pattern is
given to a work roll by forming the crown pattern of
the split eccentric roll type backing-up roll support-
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ing the work roll in a dish shape, and further, a
work roll profile is made to be a flat shape having
swelled portions at its opposite ends by applying
decrease bending to this work roll by means of the
bending cylinders.

Otherwise, in the case where a width of the
sheet material to be rolled is narrow, a V-shaped
crown pattern is given to the work roll by forming
the crown pattern of the split eccentric roll type
backing-up roll supporting the work roll in a V-
shape, and further, the work roll profile is mate to
be a wave shape by applying decrease bending to
this work rolls by means of the bending cylinders.

In this way, a flainess of sheet materials is
improved by releasing the portion liable to be
strongly rolled due to a thermal crown.

The above-mentioned and other objects, fea-
tures and advantages of the present invention will
become more apparent by reference to the follow-
ing description of preferred embodiments of the
invention taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS:

In the accompanying drawings:
Fig. 1 is a cross-section front view of an essen-
tial part of a rolling mill making use of a sleeve-
system split type backing-up roll according to a
first preferred embodiment of the present inven-
tion;
Fig. 2 is a schematic view showing outer diam-
eters and eccentric states of the respective split-
ted backing-up rolls in Fig. 1;
Fig. 3 is a diagram showing crown patterns at
respective depressing positions of the split type
backing-up roll shown in Fig. 1;
Fig. 4 is a cross-section front view of an essen-
tial part of a rolling mill making use of a sleeve-
system split type backing-up roll according to a
second preferred embodiment of the present
invention;
Fig. 5 is a schematic view showing outer diam-
eters and eccentric states of the respective split-
ted backing-up rolls in Fig. 4;
Fig. 6 is a diagram showing crown patterns at
respective depressing positions of the split type
backing-up roll shown in Fig. 4;
Fig. 7 is a cross-section front view of an essen-
tial part of a rolling mill making use of a sleeve-
system split type backing-up roll according to a
third preferred embodiment of the present in-
vention;
Fig. 8 is a schematic view showing outer diam-
eters and eccentric states of the respective split-
ted backing-up rolls in Fig. 7;
Fig. 9 is a diagram showing crown patterns at
respective depressing positions of the split type
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backing-up roll shown in Fig. 7;

Fig. 10 is a cross-section front view of an essen-
tial part of a rolling mill making use of sleeve-
system split type backing-up rolls for both the
upper and lower backing-up rolls according o a
fourth preferred embodiment of the present in-
vention;

Fig. 11 is a schematic view showing outer diam-
eters, eccentric states and depressing positions
of the respective splitted backing-up rolls in Fig.
10;

Fig. 12 is a diagram showing crown patterns at
respective depressing positions of the split type
backing-up rolls shown in Fig. 10;

Fig. 13 is a cross-section front view of an essen-
tial part of a rolling mill making use of a sleeve-
system split type backing-up roll for only the
upper backing-up roll according to a fifth pre-
ferred embodiment of the present invention;

Fig. 14 is a schematic view showing outer diam-
eters, eccentric states and depressing positions
of the respective splitted backing-up roll in Fig.
13;

Fig. 15 is a diagram showing crown patterns at
respective depressing positions of the split type
backing-up roll shown in Fig. 13;,

Fig. 16 is a cross-section front view of an essen-
tial part of one example of a rolling mill making
use of a sleeve-system split type backing-up roll
in the prior art;

Fig. 17 is a schematic view showing outer diam-
eters and eccentric states of the respective split-
ted backing-up rolls in Fig. 16;

Fig. 18 is a diagram showing crown patterns at
respective depressing positions of the split type
backing-up roll shown in Fig. 16;

Fig. 19 is a schematic front view showing a work
roll for explaining possible creation of a thermal
crown thereon;

Fig. 20 is a cross-section front view of an essen-
tial part of another example of a rolling mill
making use of a sleeve-system split type back-
ing-up roll in the prior art;

Fig. 21 is a schematic view showing outer diam-
eters and eccentric states of the respective split-
ted backing-up rolls in Fig. 20; and

Fig. 22 is a diagram showing a crown pattern at
the depressing position indicated 315° in Fig.
21 of the split type backing-up roll shown in Fig.
20.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS:

Now, the present invention will be described in
greater detail in connection to a number of pre-
ferred embodiments illustrated in Figs. 1 to 15. In
these figures, members identical to those included
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in the rolling mills in the prior art already described
above with reference to Figs. 16 to 22, are given
like reference numerals, and further explanation
thereof will be omitted here.

As shown in Fig. 1, in a roll shaft 1 are formed
a center eccentric shaft portion 1a, a pair of left
and right quarter eccentric shaft portions 1b and a
pair of left and right side eccentric shaft portions
1¢, around these eccentric shaft portions 1a - 1c¢
are respectively fitted anti-friction bearings 2a - 2c,
and the outer rings of these respective anti-friction
bearings 2a - 2c form a center backing-up roll 3a, a
pair of left and right quarter backing-up rolls 3b and
a pair of left and right side backing-up rolls 3c,
which can rotate freely. Outer diameters of these
axially splitted backing-up rolls 3a - 3c are same,
and a cylindrical sleeve 55 is loosely fitted around
their outer circumferential surfaces. An upper split
type backing-up roll 10 is constructed of the above-
described members.

As shown in Fig. 2, a center backing-up roll
axis Oa and both side backfing-up roll axes Oc are
arranged as displaced from a roll shaft axis O in
the opposite direction to each other, and both quar-
ter backing-up roll axes Ob are arranged as dis-
placed from the roll shaft axis O in the direction at
about 90° with respect to a straight line connecting
the center backing-up roll axis Oa and the side
backing-up roll axes Oc as viewed in the cross-
section.

At the time of rolling a strip S by means of a
rolling mill having the above-described upper split
type backing-up roll 10, an upper work roll 50 is
supported by this upper split type backing-up roll
10 by depressing bearing boxes 56, and while a
sheet configuration in the widthwise direction of the
strip S is observed by means of a sheet configura-
tion detector not shown provided on the outlet side
of the rolling mill, the roll shaft 1 is rotated by an
appropriate angle via a worm 58 and a worm wheel
57, and thereby an optimum crown pattern cor-
responding to this sheet configuration can be
formed.

This crown pattern changes depending upon a
rotated angle of the roll shaft 1 as shown in Fig. 3,
and many kinds of crown patterns can be formed.

It is to be noted that without making the roll
shaft 1 in an eccentric shape, eccentric bushes
could be interposed between the respective anti-
friction bearings 2a - 2c and the roll shaft 1.

With the split type backing-up roll in the above-
described rolling mill according to the first pre-
ferred embodiment of the present invention, the
respective backing-up rolls splitted in the direction
of the roll shaft are made to have same diameters,
the center backing-up roll and the side backing-up
rolls are made eccentric in the opposite directions
to each other with respect to the axis of the roll
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shaft, the quarter backing-up rolls are made eccen-
fric from the axis of the roll shaft in the direction
crossing at a desired angle with the first-mentioned
eccentric direction, and thereby it becomes possi-
ble to form many kinds of crown patterns. Accord-
ingly, a sheet configuration of a strip can be easily
controlled. It is to be noted that as the above-
described "desired angle”, it could be chosen with-
in the range of 20° - 160°.

In the following, description will be made on a
second preferred embodiment of a rolling mill ac-
cording to the present invention illustrated in Figs.
4 {0 6.

As shown in Fig. 4, on a roll shaft 21 are
formed a center eccentric shaft portion 21a, a pair
of left and right quarter eccentric shaft portions 21b
and a pair of left and right side eccentric shaft
portions 21c, respectively, having different eccen-
fric directions and different diameters, anti-friction
bearings 22a - 22c are respectively fitted around
these eccentric shaft portions 21a - 21¢, and the
other rings of these respective anti-friction bearings
22a - 22c respectively form a center backing-up
roll 23a, quarter backing-up rolls 23b and side
backing-up rolls 23¢, which can rotate freely.

The outer diameters of the quarter backing-up
rolls 23b and the outer diameters of the side back-
ing-up rolls 23c are made equal, but made smaller
than the outer diameter of the center backing-up
roll 23a.

Around the outer circumferential surfaces of
these axially splitted respective backing-up rolls
23a - 23c is loosely fitted a cylindrical sleeve 55.

An upper split type backing-up roll 30 is con-
structed of the above-mentioned members.

As shown in Fig. 5, quarter backing-up roll
axes Ob and side backing-up roll axes Oc are
displaced from a roll shaft axis O in the opposite
directions to each other, and further, a center back-
ing-up roll axis Oa is arranged as displaced from
the roll shaft axis O in the direction nearly at 90°
with respect to a straight line connecting the quar-
ter backing-up roll axes Ob and the side backing-
up roll axes Oc.

At the time of rolling a strip S by means of a
rolling mill including the above-described upper
split type backing-up roll 30, an upper work roll 50
is supported by this upper split type backing-up
roll by depressing bearing boxes 56, and while a
sheet configuration of the strip S is observed by
means of a sheet configuration detector not shown
provided on the outlet side of the rolling mill, by
rotating the roll shaft 21 by an appropriate angle
via a worm 58 and a worm wheel 57, an optimum
crown pattern corresponding to the sheet configu-
ration is formed.

This crown pattern changes smoothly and
largely from a flat shape at depressing position |,
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successively, to the crown patterns at depressing
positions lll, V, VIl and VIII.

The above-described split type backing-up roll
in the rolling mill according to the second preferred
embodiment of the present invention can change
its crown pattern smoothly and largely from a flat
shape at depressing position |, successively, to the
crown patterns at depressing positions lll, V, VII
and VIl in Fig. 3, owing to the fact that the quarter
backing-up rolls and the side backing-up rolls a
made to have a smaller diameter than the center
backing-up roll, the axes of the quarter and side
backing-up rolls are displaced from the axis of the
roll shaft in the opposite directions to each other,
and the axis of the center backing-up roll is dis-
placed from the axis of the roll shaft in the direction
crossing at a desired angle with the eccentric di-
rection of the first-mentioned backing-up rolls.

Accordingly, control for a sheet configuration of
a strip becomes easy, and its quality can be im-
proved.

It is to be noted that even if the outer diam-
eters of the respective backing-up rolls 23a, 23b
and 23c are all made equal, similar effects and
advantages can be obtained.

Next, description will be made on a third pre-
ferred embodiment of the present invention illus-
trated in Figs. 7 to 9.

Outer diameters of a center backing-up roll 33a
and quarter backing-up rolls 33b consisting of outer
rings of anti-friction bearings 32a and 32b, respec-
tively, fitted around a roll shaft 41 are equal to each
other, and outer diameters of side backing-up rolls
33c also consisting of outer rings of anti-friction
bearings 32c are smaller than the outer diameters
of the center backing-up roll 33a and the quarter
backing-up rolls 33b.

As shown in Fig. 8, both quarter backing-up roll
axes Ob are identical to a roll shaft axis O, and a
center backing-up roll axis Oa and side backing-up
roll axes Oc are arranged as displaced from the roll
shaft axis O in different directions at about 90° to
each other.

By supporting an upper work roll 50 by means
of the above-described upper split typed backing-
up roll 40 and rotating the roll shaft 41 by an
appropriate angle while observing a sheet configu-
ration of a strip S, an optimum crown pattern
corresponding to the sheet configuration can be
formed.

This crown pattern changes depending upon a
rotated angle of the roll shaft 41 in the manner
shown in Fig. 9, and the changes from a flat
pattern to other various patterns are smooth.

With the split type backing-up roll in the rolling
mill according to the above-described third pre-
ferred embodiment of the present invention, owing
o the fact that the side backing-up roll is made to
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have a smaller diameter than the center backing-up
roll and the quarter backing-up rolls, the quarter
backing-up rolls are made concentric with the roll
shaft, and the center backing-up roll and the side
backing-up rolls have their axes displaced from the
axis of the roll shaft in the directions at a desired
angle to each other, it becomes possible fo
smoothly change its crown pattern from a flat pat-
tern to other various patterns.

Accordingly, strips having a good sheet con-
figuration can be obtained. Also, it is to be noted
that even if the outer diameters of the respective
backing-up rolls are made identical, effects and
advantages equivalent to the previously described
preferred embodiments can be obtained.

Next, description will be made on a fourth
preferred embodiment of the present invention il-
lustrated in Figs. 10 to 12.

In these figures, reference numeral 41 des-
ignates a roll shaft of a sleeve-system split type
backing-up roll 46, which consists of a center ec-
centric portion 41a, quarter eccentric portions 41b
and side eccentric portions 41c whose respective
axes Oa, Ob and Oc are displaced from the axis O
of this roll shaft 41, and the opposite ends of the
roll shaft 41 are supported by backing-up roll
chocks 44.

Around the respective eccentric portions 41a,
41b and 41c is rotatably fitted a cylindrical sleeve
55 via anti-friction bearings 43a, 43b and 43c,
respectively, and the outer rings of these anti-
friction bearings 43a, 43b and 43c form splitted
rolls.

In the respective backing-up roll chocks 44 are
studded bending cylinders 45. A sleeve-system
split type backing-up roll 46 is constructed of the
above-mentioned members.

Reference numerals 50 and 60 designate work
rolls on which thermal crown were created by heat-
generation and temperature-rise due to rolling, nu-
meral 47 designates work roll chocks for support-
ing these work rolls 50 and 60, symbol S des-
ignates a sheet material to be rolled, and in the
case of this preferred embodiment, the sheet ma-
terial S is illustrated as a broad-width material.

Now describing about the operations in the
method of rolling a sheet material according to this
preferred embodiment, if thermal crowns are cre-
ated on the work rolls 50 and 60 as a result of
temperature-rise of the work rolls 50 and 60, then
as shown in Fig. 11 the upper and lower roll shafts
41 are rotated by 45° in the anticlockwise direction
starting from the position 0°, thereby a crown
pattern of the splitted eccentric roll type backing-up
roll 46 is formed in the shape shown in Fig. 12, and
then the upper and lower work rolls 50 and 60 are
depressed to give a dish-shaped crown pattern fo
these work rolls 50 and 60.
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Furthermore, decrease bending is given to the
upper and lower work rolls 50 and 60 by pressing
the upper and lower work roll chocks 47 by means
of the respective bending cylinders 45 studded in
the respective backing-up roll chocks 44, and
thereby flatness of the sheet material S is im-
proved.

Now, description will be made on a fifth pre-
ferred embodiment of the present invention illus-
trated in Figs. 13 to 15.

In this preferred embodiment, a sleeve-system
split type backing-up roll 46 constructed in a simi-
lar manner to the above-described fourth preferred
embodiment is used as an upper backing-up roll,
and by way of example, a sheet material S to be
rolled is illustrated as a narrow-width sheet ma-
terial.

In this preferred embodiment for a lower back-
ing-up roll 48, a normal backing-up roll is used.

Now, describing about the operations of this
preferred embodiment, if thermal crowns are cre-
ated on the work rolls 50 and 60, the roll shaft 41 is
rotated by 90° in the anticlockwise direction start-
ing from the position 0°, thereby the crown pattern
of the splitted eccentric roll type backing-up roll 46
supporting the work roll 50 is formed in the V-
shape as shown in Fig. 15, and the upper work roll
50 is depressed by the above-mentioned backing-
up roll 46 to give a V-shaped crown pattern to this
upper work roll 50.

In addition, like the fourth preferred embodi-
ment, decrease bending is given to the upper and
lower work rolls 50 and 60.

As a result, similarly to the case of the fourth
preferred embodiment, flatness of the narrow-width
sheet material S can be improved.

It is to be noted that even if the sleeve-system
split type backing-up roll 46 could be used as only
the lower backing-up roll, and the operations of
such modification are identical to those described
above.

Furthermore, the rolling method according to
the present invention should not be limited to only
the above-described embodiments, but for in-
stance, it can be applied to a multi-stage cluster
rolling mill.

And, for instance, even if a sleeve-system split
type backing-up roll, in which the outer diameters
of the both quarter backing-up rolls and the both
side backing-up rolls are formed smaller than the
outer diameter of the center backing-up roll, the
axes of the both quarter backing-up rolls and the
axes of the both side backing-up rolls are dis-
placed from the axis of the roll shaft in the opposite
directions to each other, and the axis of the center
backing-up roll is displaced from the axis of the roll
shaft in the direction crossing at a desired angle
with the straight line connecting the axes of the
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quarter backing-up rolls and the axes of the side
backing-up rolls, is used, the operations are the
same as those described above.

As described above, the method for rolling
sheet materials according to the present invention
should not be limited to the above-described em-
bodiments, but various changes and modifications
could be made within the scope of the inventive
concept of the present invention, and they all be-
long to the technical scope of the present inven-
tion.

In the method of rolling sheet materials accord-
ing to the present invention, if a thermal crown is
created on a work roll due to heat-generation and
temperature-rise at the time of rolling sheet materi-
als, the crown pattern of the splitted eccentric roll
type backing-up roll is formed in a dish-shape or in
a V-shape, thereby a similar crown pattern is given
to the work roll, and further, by giving decrease
bending to the work roll, quarter elongation of the
sheet material is prevented, and flatness can be
improved.

In addition, since a sheet configuration of sheet
materials can be kept good as described above
even if a thermal crown is created due to tempera-
ture-rise of the work roll, speed-up of a rolling line
can be realized.

It is to be noted that while a backing-up roll
splitted along an axial direction into 5 sections is
employed in the above-described first to fifth pre-
ferred embodiments, as another preferred embodi-
ment a backing-up roll splitted along an axial direc-
tion into 6 or 7 sections could be used.

In this instance, in the case of splitting into 6
sections, the central two sections are used as cen-
ter backing-up rolls. Or in the case of splitting into
7 sections, the central one section is used as a
center backing-up roll and the respective two sec-
tions (four sections in total) on the both sides
thereof are used as quarter backing-up rolls. Ac-
cordingly, the crown patterns in this case are near-
ly similar to those of the above-described respec-
tive embodiments.

While a principle of the present invention has
been described above in connection to a number
of preferred embodiments of the invention, it is
intended that all matter contained in the above-
description and illustrated in the accompanying
drawings shall be interpreted to be illustrative and
not in a limiting sense.

Claims

1. A rolling mill including working rolls and a split
type backing-up roll constructed by rotatably
fitting around a roll shaft a center backing-up
roll, a pair of quarter backing-up rolls and a
pair of side backing-up rolls splitted in the
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direction of the roll shaft, and loosely fitting a
cylindrical sleeve around the outer circumfer-
ential surfaces of these respective backing-up
rolls; characterized in that an axis (Oa or Ob)
of either one of said center backing-up roll (3a,
23a) and said quarter backing-up rolls (3b,
23b) and an axis (Oc) of said side backing-up
rolls are positioned as displaced from an axis
(O) of said roll shaft (1, 21) in the opposite
direction to each other, and that an axis (Ob or
Oa) of the other one of said center backing-up
roll (3a, 23a) and said quarter backing-up rolls
(3b, 23b) is positioned as displaced from the
axis (O) of said roll shaft (1, 21) in the direction
crossing at a desired angle with a straight line
connecting the axis (Oc) of said side backing-
up rolls (3c, 23c) and the axis (Oa or Ob) of
said either one roll.

A rolling mill as claimed in Claim 1, wherein
the outer diameters of said respective backing-
up rolls (3a, 23a; 3b, 23b; 3¢, 23¢) are formed
fo be identical.

A rolling mill as claimed in Claim 1, wherein
the outer diameter of said one backing-up roll
(3a, 23a or 3b, 23b) and said side backing-up
roll (3c, 23c) are formed to be smaller than the
outer diameter of said the other backing-up roll
(3b, 23b or 3a, 23a).

A rolling mill including working rolls and a split
type backing-up roll constructed by rotatably
fitting around a roll shaft a center backing-up
roll, a pair of quarter backing-up rolls and a
pair of side backing-up rolls splitted in the
direction of the roll shaft, and loosely fitting a
cylindrical sleeve around the outer circumfer-
ential surfaces of these respective backing-up
rolls; characterized in that axes (Ob) of said
both quarter backing-up rolls (33b) are posi-
tioned at the same place as an axis (O) of said
roll shaft (41), an axis (Oa) of said center
backing-up roll (33a) is positioned as displaced
from the axes (O, Ob) of said roll shaft (41)
and said quarter backing-up rolls (33b), and
axes (Oc) of said both side backing-up rolls
(33c) are positioned as displaced from the axis
(O) of said roll shaft (41) in the direction cross-
ing at a desired angle with a straight line
connecting the axes (O, Ob) of said roll shaft
(41) and said quarter backing-up rolls (33b)
and the axis (Oa) of said center backing-up roll
(33a).

A rolling mill as claimed in Claim 4, wherein
the outer diameters of said center backing-up
roll (33a) and said both quarter backing-up
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rolls (33b) are formed to be identical, and the
outer diameters of said both side backing-up
rolls (33¢c) are formed to be smaller than the
outer diameters of said center backing-up rolls
(33a) and said quarter backing-up rolls (33b).

A rolling mill as claimed in any one of Claims
1 to 5, wherein bending cylinders (45) are
provided in respective roll chocks for said
backing-up roll, so that decrease bending may
be given to the work rolls (50, 60) by pressing
the roll chocks (47) of said work rolls (50, 60)
by means of said bending cylinders (45).

A method of rolling sheet materials, character-
ized by the steps of supporting work rolls (50,
60) by means of a split eccentric roll type
backing-up roll (46) splitted into three or more
along the direction of a roll shaft, forming a
crown pattern of the backing-up roll (46) in a
dish-shape or in a V-shape to depress one or
both of the upper and lower work rolls (50, 60),
thereby giving a dish-shaped or V-shaped
crown pattern to said work rolls, and giving
decrease bending to the work rolls by pressing
work roll chocks (47) by means of respective
bending cylinders (45) provided in the backing-
up roll chocks (44).
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Fig. 2
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