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Description

The present invention relates to a rolling mill
for metal stocks, and more particularly to a rolling
mill which over a wide range can control the plate
crown. :

in the rolling of a metal stock, such as a steel
stock, the work rolls are subjected to a large
rolling load which causes a deflection of the rolls,
while the portion of the roll surface which is in
contact with the rolling stock is forced to be flat.
As the rolling thereon proceeds, the edges of the
plate being rolled are extended sidewise so that
the distribution of thickness of the rolled plate in
the direction of the roll axis will be as shown in
Fig. 1, leaving the thickest portion in the rolled
center of the plate, which graduaily becomes
thinner toward the plate edges. This is the
phenomenon of plate crown usually seen in the
conventional rolling mill operation. The amount
of the plate crown varies depending on the rolling
variables, the thermal expansion of the rolls and
the roil wear. It is most desirable that inconsis-
tency in the amount of plate crown in final rolling
mill products should be avoided because it wiil
have adverse effects on the product quality and
more particularly, the product vyield. In Fig. 1B
represents the plate which, tM represents the
thickness of the rolled center of the plate, {E
represents the thickness of the plate edges, and
the plate crown is represented by tM—tE.

In the event that the plate crown as stated
above is substantially large and is generated once
in the intermediate steps of a rolling operation,
trials to correct the crown during the rolling
process would be unsuccessful, resulting only in
an undesirable wavy shape of the rolled plate,
which would cause difficulties in the rolling oper-
ation. The resultant plate products are far from
satisfaction with respect to the uniform distribu-
tion of plate thickness and the quality of plate
flatness.

Conventionally, the following measures have
been practiced in effoerts to reduce or control the
plate crown in the mill operation.

{1} A barrel-like crown is given beforehand to
the roll body.

{2) A concave or convex deflection is given to
the upper or lower roll by means of a hydraulic
cylinder and the like. This is called a roll bending
method.

{3} Combination of the above (1) and (2).

{4) A rolling mill specially designed for control-
ling the crown is used; for example, in practice a
six-high mill and a cross mill are used.

However, all of the above measures still have
their own defects and disadvantages.

In the case of the measure (1) where the barrel-
like crown is given beforehand to the roll body, it
is practically impossible to give the roll body a
proper crown beforehand which can meet with
the rolling variables due to the fact that the width
and thickness of the plate vary, the resistance of
the plate being rolled to the deformation varies
depending on the chemical compositions of the
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rolling stock and the rolling temperatures, and
also the shape of the roll itself changes due to
thermal expansion, wear and so on. Moreover, it
is extremely difficult to modify and reduce the
crown once caused in the plate without problems
such as the occurrence of a wavy shape, namely
with the assurance of maintaining a satisfactory
quality of the plate flatness.

In the case of the measure (2) in which a convex
or concave deflection is given to the upper and
lower rolls by means of a roll bending device to
modify the crown, an excessively large bending
force cannot be applied in the conventional plate
rolling mill because of the practical limits
imposed by the strength of the roll necks, the life
of the bearings and so on. Further, as the work
rolls and the back-up rolls come into contact with
each other along almost the entire length of the
rolis, and the work rolis are subjected to an
excessive moment of bending by the back-up
rolls on the marginal portions outside the edges
of the plate being rolled, the bending effect on the
work rolls are off-set so much. For these reaons,
the bending effect on the work rolls is prevalent
only along and in the vicinity of the plate edge
portions, and thus no substantial effect can be
obtained upto the rolled center of the plate being
rolled.

Also in the case of the measure (3) which
combines the measures {1} and (2), no satisfac-
tory controiling effect on the plate crown can be
obtained, thus failing to withstand changes of the
plate crown due to a variation in the resistance to
deformation of the rolling stock, variation in the
plate width, thermal expansion of the rolls, and
roll wear as explained in connection with the
measure (1).

In the case of the measure {4}, a marked
controlling effect can be obtained, but the
problem in this case is that the capital cost is
enormously high and it would be quite difficult to
modify the existing mills so as to meet this
purpose.

In order to reduce or control the plate crown
according to the measure (1), as disclosed in
Japanese Patent Publication No. Sho 59-35283, a
large convex crown is given to the back-up rolls 2,
2’ in contact with the work rolis 1, 1’ as shown in
the accompanying Fig. 2, whereby the work rolls
are deformed by the bending moment as caused
by the contact load imposed by the back-up rolls
so that the rolling stock is prevented from being
substantially reduced at the edge portions.

Also the roli bending effect by the roil bending
device 4, 4’ is remarkable because the edges of
the work rolls are not restrained as clearly dis-
closed, for example, in Japanese Patent Applica-
tions No. Sho 49-84209 and No. Sho 50-18864.
However, in actual rolling mill practices, various
widths of plates are rolled, so it is very important
to guarantee the desired bending effect as men-
tioned above for any width of plate. Fig. 3 shows
the controllability range of plate crown defined by
roll deformation under uniform force (herein
called the controllability range of plate crown
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under uniform force) obtainable by various crown
values given to the back-up rolls.

The term “the plate crown under uniform
force” herein used means a calculated plate
crown from the plate thickness distribution
defined by the shape of work rolls determined by
the deformation of the rolls caused by the load
acting on the rolls imposed by the mill stand,
which load is assumed to be distributed uniformly
across the width of the plate being rolled. This
calculated plate crown is not identical to the
actual plate crown, but is very useful for relative
comparison of the plate crown controllability of
rolling mills.

While a wider controllability range of plate
crown under uniform force can be obtained by a
larger convex crown given to the back-up rolls,
the ordinary crown control cannot be achieved if
the plate width is too large, because the plate
crown controllability range shifts to the minus
side (concave crown), as shown in Fig. 3.

Due to the above problem, a large convex
crown could not conventionally be given to the
back-up rolls. According to the results of one trial
in giving a small convex crown of about 1.0 mm
to the back-up rolls, the controllability range of
piate crown under uniform force could not cover
all of the variable widths of plates, thus sub-
stantially limiting the practical plate crown con-
trol.

Although it is also known to give a convex or
concave crown shape of about 0.1 mm in dia-
meter to the work rolls, it has never hitherto been
known to correlate the crown amount given to the
work rolis with the crown amount given to the
back-up rolls.

The EP—A—0 124 991 describes a rolling mill
and a method of reducing metal work. The rolling
mill comprises a housing mounting a pair of
cooperating work rolls and a back-up roll for each
work roll, the work roil bending equipment bends
the work roll ends away from one another. At
least one of the back-up rolls has an sffective
barrel length substantially shorter than the barrel
length of the work roll with which it is in contact.
There is also provided a load transmitting means
for transmitting rolling load from the ends of the
work roli to the housings.

The problems of the prior art of giving the
crown only to the work rolls have already been
discussed.

Summary of the invention

One object of the present invention is to pro-
vide a rolling mill which can effectively control the
plate crown in piate rolling by overcoming the
problems of the conventional arts in reducing and
controlling the plate crown as aforementioned.
This object is achieved by the features of the
independent claims 1 and 2.

The gist of the present invention lies in that a
convex roll crown Cgyg of 0.5 to 10 mm in
diameter is given to at least one back-up roll
which is in contact with one of a pair of upper and
lower work rolls and a concave crown Cyg is
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given to at least one of the work rolls under the
condition:

whereby an effective plate crown control can be
made for all various widths of plates to be rolled.

Brief explanation of the drawings

Fig. 1 shows a cross section across the width of
a crowned plate.

Fig. 2 shows one exampile of a rolling mill stand
in which the back-up rolls are given a convex
crown.

Fig. 3 illustrates the controllability range of
plate crown under uniform force for various
widths of plates achieved by the mill shown in
Fig. 2.

Fig. 4 illustrates a proper range of crown given
to the back-up roll and work rolls according to the
present invention.

Fig. 5 shows the relation between the controlla-
bility range of plate crown under uniform force
and the amount of convex crown of the back-up
roll. :

Fig. 6(a) shows the distribution across the piate
width of the contact stress between the work roll
and the back-up roll, and Fig. 6(b) shows the
relation between the maximum Hertz's stress and
the amount of the convex crown of the back-up
roll.

Fig. 7 shows the controllability range of plate
crown under uniform force for various widths of
plates obtainable by rolling with the convex
crowned back-up rolls and concave crowned work
rolls according to the present invention.

Fig. 8 illustrates examples of crown shapes
given to the back-up rolls in the present invention.

Fig. 9 illustrates embodiments of rolling mil
arrangements according to the present invention.

Detailed decription of the invention
The present invention will be more clearly

'understood from the following description made

with reference to the accompanying drawings.

An investigation as to the controliability range
of plate crown under uniform force was carried
out by the present inventors for various widths of
plates using a hot strip tandem mill, and it was
found that when the work rolls are given an
appropriate concave crown complementally or
corresponding to the convex crown given to the
back-up roll, the problems of the prior arts could
be solved.

The results of the experiments made using the
hot strip tandem mill with different roll crowns
are shown in Fig. 4. In the drawing, the evalua-
tions of the controliability range of plate crown
under uniform force are: O represents satisfac-
tory results, X represents the range being on the
minus side and A represents the range being
excessive on the plus side when the plate width is
considerably wide. It is understood from Fig. 4
that if the concave crown of the work rolls is
small, the resultant plate crown will be concave
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for a large width of piate, and on the other hand if
the concave crown of the work rollsistoo large, the
plate crown controilability range wiil be exces-
sively biased on the plus side.

Thus as shown in Fig. 4, there is a proper range
for the amounts of the crown given to the back-up
roll and work roll, and the following conditions
must be satisfied:

0'4OXCBUR2CWR20'15XCBUR (1)

wherein Cyg is an absolute value of the concave
crown of the work roll, and Cgyg is an absolute
value of the convex crown of the back-up roll.

As shown in Fig. 5, an increased amount of the
convex crown given to the back-up roll will expand
the controllability range of plate crown under
uniform force, but the increased amount wili cause
a contact stress, (Hertz's contact stress), between
the back-up rolls and the work rolls as shown in
Fig. 6, and the maximum linear load is imposed on
the rolled center of the plate as shown in Fig. 6(a),
so that spalling will very readily occur. in these
experiments, the roll bending force applied is 90
tons and the strip width used is 210 cm. Therefore,
the amount of the maximum convex crown given
to the back-up roll is naturally limited by the
spalling limit, but this maximum crown amount
limited by the spalling limit will, needless to say,
be increased as the width of the plate being rolled
increases.

When"the rolling is done for various widths of
plates, it is advantageous from the point of
expanding the crown controllability range that a
larger amount of convex crown is given to the
back-up rolls, thereby a larger roll bending effect is
simultaneously obtained. However, from the
restriction imposed by the spalling limit, the
maximum convex crown amount admitted to the
back-up roll is determined by the spalling limit in
the rolling of a maximum width of a given mill
capacity.

As shown in Fig. 6(b), the limit for the maximum
crown amount beyond which the spalling is
caused is about 10 mm. Therefore, the range of the
convex crown given to the back-up roll should be
not larger than 10 mm in diameter in view of the
crown control effect and the spalling limit of the
rolls.

In the conventional four-high plate mill, the
back-up rolls are given a convex crown in view of
the type of roll wears and other factors, but the
crown in this case is about 0.2 mm at the largest
point. And in this conventional four-high mill in the
case of a plate of 80 cm width, the controllability
range of plate crown under uniform force is 50 um
or less.

In the modern strip rolling mills, it is required to
control the plate crown of hot strip mill product in
the range from 0 to 60 pm so as to meet with the
requirements of the subsequent cold rolling oper-
ation, and for this purpose the controllability range
of plate crown under uniform force for each stand
of the hot strip rolling tandem mill must be at least
60 um with respect to a 90 cm width of plate. To
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achieve this range, a convex crown of at ieast 0.5
mm in diameter must be given to the back-up rolls.

Also in the conventional four-high rolling mill,
the work rolls are given a convex or concave crown
shape of about 0.1 mm in diameter in view of the
wear and thermal expansion of the rolis.

In the present invention, the work rolls are given
a large concave crown ranging from 0.15XCgyg to
0.4X Cgyr in diameter depending onthe magnitude
of the convex crown given to the back-up roll.

In Fig. 7 the controilability ranges of plate crown
under uniform force from which the actual piate
crown can be controlled to the range from 0 to 60
um are shown. As shown a larger width of plate
provides a wider controllability range.

Description of the preferred embodiment

The controliability ranges of plate crown under
uniform force achieved by the work and back-up
rolls with appropriate crowns according to the
present invention are shwon in Fig. 7 in compari-
son with those achieved without giving the crown
to the back-up roils. As understood from Fig. 7,
when an appropriate concave crown satisfying the
condition (1), depending on the magnitude of the
convex crown given to the back-up rolls, a proper
controllability range can be obtained for various
widths of the plates being rolled, whereby
problems such as the crown being controlled only
on the minus side as shown in Fig. 3 can be
eliminated and the controllability range of plate
crown under uniform force can be expanded
substantially.

Regarding the shape of the roil crown, various
shapes such as crowns formed by straightlines (a),
{b), a sine curve (c), and a parabola (d) shown in
Fig. 8 may be used. Regarding the crown shape of
the work rolls, a concave crown shape comple-
mentary to the convex crown shapes of the back-
up rolls shown in Fig. 8 may be used. However, as
the workrolls are directly in contact with the rolling
stocks, the crown shape as shown by (a), {b) and (e)
in Fig. 8 are not desirable.

The desired resuits of the present invention can
be obtained also by a rolling mill arrangement in
which an intermediate roll is mounted between the
work roll and the back-up roll, and the intermediate
roll is given a convex crown and the work roll is
given a concave crown corresponding to the
magnitude of the convex crown of the inter-
mediate roll.

According to the present invention, in cases
where the rolling is done covering from the
minimum to the maximum widths of the final plate
mill products which are determined by the mill
arrangements, an effective controllability range of
plate crown under uniform force can be guaran-
teed for various widths by giving a convex crown
to the back-up roil which isin contact with the work
roll and giving a concave crown to the work roll
depending on the magnitude of the convex crown
of the back-up roll, and at the same time a
remarkable plate crown controlling effect is
obtained by the roll bending.

When the present invention is applied to a hot
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strip rolling, a mill arrangement in which 6 to 7
stands are arranged adjacent each other is
usually used. In this mill arrangement, the work
rolis and back-up rolls of at least one stand are
given the crown configurations as defined in the
present invention so as to control the plate
crown of the final mill products. If the number
of the stands in which the rolis are given the
crown configurations according to the present
invention is increased, the controlling capacity
and ability are so much increased.

Example of the mill arrangements composed
of seven stands are illustrated in Fig. 9. The
particulars of the mills are set forth below. In
the roll stands designated (a) the rolls are
crowned according to the present invention. The
roll stands designated {b) are conventional ones
specially designed for the crown control.

TABLE
Mill Type Modified Four-high
Rolling Mill
Back-up Rolls Diameter 1600 mm
Barrel length 2250 mm
Work Rolis Diameter 790 mm
Barrel length 2250 mm
Roll Bending Increase W0t
Decrease N0t
Roll crown
No. of stand Cgur (mm) Cwr (mm}
1 3.0 0.7
2 3.0 0.7
3 2.0 0.5
4 2.0 0.5
5 2.0 0.3
6 2.0 0.3
7 1.0 0.2

The mill arrangements shown in Fig. 9 are
used for the plate crown controlling of special
grades of steel which are very rigid and difficult
to control the plate crown.

As shown in Fig. 9, the conventional crown
controlling rolling stands of high capital cost are
arranged in the down-stream of the mill train,
and the rolling stands according to the present
invention are arranged in the up-stream of the
train so that the capital cost as a whole is
greatly reduced.

According to the present invention, the
desired result can be obtained by only one
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stand as defined by the present invention
incorporated in a mill comprising a plurality of
stands. However, better results can be obtained
by incorporating more than one stand according
to the present invention.

As understood from the foregoing description
of the present invention, the present invention
has advantages such that it can be put into
commercial practice at very low capital costs
and can be applied to existing mills without
having to be rearranged, and yet a marked plate
crown controlling effect can be obtained.
Further, the expanded range of the crown
controliability achieved by the present invention
greatly contributes to the reduction of the crown
of final mill products and to the improvement of
the plate thickness accuracy, hence
improvements of the product quality and
production vyield. Further, according to the
present invention, as the necessity of changing
the crown of the work rolils in accordance with
the sizes of rolling products to be rolled is
eliminated, the frequency of the work roll
changing is substantially reduced so that
marked economical advantages can be obtained
from the aspects of energy saving efficiency and
mill productivity.

Claims

1. A rolling mill stand comprising:

a pair of upper and lower work rolls (1, 1');

a pair of back-up roils (2, 2’} to back up the
pair of work rolls {1, 1'); and

a bending device (4, 4’) for bending the work
rolls (1, 1'); characterized in that at least one of
said back-up rolls {2, 2’} is given a convex
crown around the roll body in an amount
ranging from 0.5 mm to 10 mm in diameter;

at least one of said work rolls (1, 1)
contacting said one of the back-up rolls (2, 2') is
given a concave crown around the roll body
under the condition:

0.4x CBURECwnzo. 15X CBUR

wherein Cgyr represents an absolute value of
the crown in diameter given to the back-up roll
and Cygr represents an absolute value of the
crown in diameter given to the work roll.

2. A rolling mill stand comprising:

a pair of upper and lower work rolls (1, 1'),

a pair of back-up rolls (2, 2’} to back-up the
pair of intermediate rolls, and

a bending device (4, 4’) for bending the work
rotls (1, 1’), characterized in that

a pair of intermediate rolls are provided in
contact with the pair of work rolls (1, 1'},

at least one of said intermediate rolls is given
a convex crown around the roil body, and

at least one of said work roils (1, 1')
contacting one of said intermediate rolls being
given a concave crown around the roll body.

3. A rolling mill comprising a plurality of
rolling mill stands arranged adjacent to each
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other, at least one of said rolling stands being the
rolling mill stand defined by any of claims 1 and 2.

Patentanspriiche

1. Walzwerkgerist mit:

einem Paar einer oberen und einer unteren
Arbeitswalze (1, 1'), einem Paar Stltzwalzen (2,
2'} zum Abstiitzen des Arbeitswalzenpaars (1, 1'),
und

einer Biegevorrichtung (4, 4') zum Biegen der
Arbeitswalzen (1, 1’), dadurch gekennzeichnet,
dall mindestens eine der Stiitzwalzen (2, 2’} um
den Walzenk&rper mit einer konvexen Wolbung
einer Stérke im Bereich von 0,5 mm bis 10 mm im
Durchmesser versehen ist, mindestens eine der
Arbeitswalzen (1, 1'), die mit einer der Stlutzwal-
zen {2, 2') in Berthrung steht, mit einer konkaven
Wélbung um den Walzenkdrper versehen ist mit
der Bedingung:

wobei Cyyr einen Absolutwert der Wolbung im
Durchmesser der Stiitzwalze darstellt und Cyp
einen Absolutwert der Wolbung im Durchmesser
der Arbeitswalze darstelit.

2. Walzwerkgertist mit:

einem Paar einer oberen und einer unteren
Arbeitswalze (1, 1'), einem Paar Stiitzwalzen (2,
2') zum Abstltzen eines Paars von Zwischenwal-
zen, und

einer Biegevorrichtung (4, 4') zum Biegen der
Arbeitswalzen (1, 1’), dadurch gekennzeichnet,
daR ein Paar Zwischenwalzhen in Berlihrung mit
dem Arbeitswalzenpaar (1, 1’) vorgesehen ist,
mindestens eine der Zwischenwalzen um den
Walzenkdrper mit einer konvexen Wélbung verse-
hen ist, und

mindestens eine der Arbeitswaizen {1, 1), die
mit einer der Zwischenwalzen in Berlhrung steht,
mit einer konkaven Wéibung um den Walzenkér-
per versehen ist.

3. Walzwerk mit mehreren benachbart zuein-
ander angeordneten Walzwerkgerlsten, wobei
mindestens eines der WalzwerkgerUste ein Wal-
zwerkgerUst gemaR einem der Anspriiche 1 und 2
ist.
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Revendications

1. Montant de laminoir comprenant:

une paire de cylindres de travail supérieur et
inférieur (1, 1),

une paire le cylindres d’appui {2, 2') pour
soutenir la paire de cylindres de travaii (1, 1'); et

un dispositif de cambrage (4, 4') pour faire
fléchir les cylindres de travail {1, 1'), caractérisé
en ce qu’au moins I'un des cylindres d'appui (2,
2') recoit un bombé convexe autour du corps du
cylindre suivant une quantité comprise entre 0,5
mm et 10 mm en matiére de diamétre;

au mains 'un des cylindres de travail {1, 1’} en
contact avec l'un des cylindres d'appui (2, 2}
recoit un bombé concave autour du corps du
cylindre dans la condition:

0,4XCea=Cir=0,15XCep

ol Cq, représente une valeur abolue du bombé
en diamétre conféré au cylindre d’appui et Cgr
représente une valeur absolue du bombé en
diameétre conféré au cyiindre de travaii.

2. Montant de laminoir comprenant:

une paire de cylindres de travail supérieur et
inférieur (1, 1'),

une paire de cylindres d'appui (2, 2') pour
soutenir une paire de cylindres intermédiaires; et

un dispositif de cambrage (4, 4’) pour faire
fléchir les cylindres de travail (1, 1'), caractérisé
en ce qu'une paire de cylindres intermédiaires
sont montés en contact avec la paire de cylindres
de travail (1, 1"),

au moins {'un des cylindres intermédiaires
recoit un bombé convexe autour du corps du
cylindre et;

au moins |'un des cylindres de travail {1, 1’) en
contact avec l'un des cylindres intermédiaires
regoit un bombé concave autour du corps du
cylindre.

3. Laminoir comprenant une multitude de mon-
tants de laminoir disposés en étant contigus, au
moins {'un des montants de laminage étant le
montant de laminoir défini par I'une quelconque
des revendications 1 et 2.
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