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Description
Technical Field

[0001] The presentinvention relates to cold-rolled ma-
terial manufacturing equipment and a cold rolling meth-
od, See for example JP-S 57-39844 A.

Background Art

[0002] As rolling equipment for manufacturing cold-
rolled materials of a variety of steels in small amounts of
a total of about 300,000 tons of product per year, revers-
ible cold rolling equipment (hereinafter referred to as
RCM equipment) has been put to practical use which
includes one cold rolling mill and strip winding/unwinding
devices disposed respectively on the entry-side and the
delivery side of the cold rolling mill to be used for both
winding and unwinding of strip and in which the strip is
put to reversible rolling between the winding/unwinding
devices on the entry side and the delivery side of the cold
rolling mill, to roll the strip down to a desired strip thick-
ness.

[0003] Furthermore, there has been equipment (here-
inafter referred to as two-stand reverse equipment) which
is provided with two rolling mills with an intention to in-
crease the annual production of RCM equipment to a
level of about 500,000 to 600,000 tons (see Patent Doc-
ument 1).

[0004] In such RCM equipment, in a first pass and a
second pass of rolling, the leading end of a strip should
be passed in an unrolled state so as to obviate camber
of the strip. In the third and following passes, also, a pre-
ceding-pass rolled section should be left in an unrolled
state at a pass switching part. This results in that the
unrolled sections at the leading end and tail end portions
of the strip would come out of a product strip thickness
range and would not be salable as a product. The strips
falling out of the product strip thickness range in this man-
ner are referred to as "off-gage". In regard of the ratio of
the off-gage, the proportion of the amount of off-gages
based onthe gross production is defined as off-gagerate.
The off-gage rate in each of various rolling equipment is
about 2.5% for RCM equipment and about 6.0% for two-
stand reverse equipment. On the other hand, in PL-TCM
equipment in which a pickling step and a tandem cold
milling step are carried out in a continuous manner, the
off-gage rate is as low as about 0.2%. Thus, the equip-
ment of the reversible rolling system have a problem in
that the off-gage rate is about 2.5 to 6.0%, which is very
high as compared with that of the PL-TCM equipment.
[0005] Especially, in the two-stand reverse equipment
described in Patent Document 1, the off-gage is gener-
ated in about 6.0%, so that the yield is conspicuously low
and the production cost is raised greatly.

[0006] Furthermore, in the reversible rolling system,
as the coil tail end portion approaches the rolling mill in
a preceding pass, the rolling mill is decelerated and the
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rolling is stopped. In the subsequent pass, the rolling mill
is newly accelerated, for rolling in the reverse direction
to that in the preceding pass. Thus, in the reversible roll-
ing system, the deceleration and acceleration and the
stopping of rolling are repeated by a number of times
equal to the number of passes, until a desired product
strip thickness is reached; therefore, the actual rolling
time within a given operation time is short, and the pro-
duction efficiency is poor.

[0007] In order to solve these problems, cold rolling
equipment has been proposed which includes a coil
buildup line for joining a plurality of coils to form a single
long coil, and a reversible rolling line for performing re-
versible rolling of the long coil thus built up (buildup coil)
a predetermined number of times by the cold rolling mill,
and in which the buildup coil is cut in the final pass into
coillengths capable of being carried out (See Patent Doc-
ument 2). In this cold rolling equipment, the strip length
of the buildup coil can be enlarged to a level correspond-
ing to the total strip length of the plurality of coils joined
together, and the unrolled portions at the coil leading end
and tail end sections are generated only at an innermost
circumferential portion and an outermost circumferential
portion of the buildup coil. Consequently, the off-gage
rate can be remarkably lowered. In addition, the number
of deceleration and acceleration operations in accord-
ance with changing a rolling direction can be reduced by
a number corresponding to the number of coils joined
together, leading to an enhanced production efficiency.

Prior Art Literature
Patent Documents
[0008]

Patent Document 1: Japanese Patent No. 3322984
Patent Document 2: JP-S-57-39844-A

Summary of the Invention
Problems to be Solved by the Invention

[0009] The related art described in Patent Document
2 solves the problems involved in the related art de-
scribed in Patent Document 1, and enables a high effi-
ciency and a high yield, but it has the following problems.
[0010] First, there is a problem relating to a complicat-
ed configuration and an enlarged apparatus.

[0011] The related art described in Patent Document
2, in which a plurality of coils are built up to form an elon-
gated and enlarged buildup coil, In rolling the elongated
and enlarged buildup coil, the outside diameter of the coil
is so large that a rolling tension exerted on the coil in-
creases the coil tightening force tending to cause shrink-
age toward the inside diameter side of the coil. Therefore,
if a collapsible type reel having a variable diameter is
applied to the winding/unwinding device, it becomes dif-
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ficult to provide the reel with a strength for holding the
coil tightening force. Thus, itis difficult to apply a collaps-
ible type reel to the winding/unwinding device, and, for
solving this problem, a solid block type reel having an
invariable diameter has to be applied. On the other hand,
at the time of dividing the buildup coil after completion of
rolling so as to extract and carry out the cut coils, a wind-
ing/unwinding device having a collapsible type reel is
needed, since the solid bock type reel cannot be shrunk
in diameter so as to extract the coil therefrom. Thus, in
the related art described in Patent Document 2, a wind-
ing/unwinding device with a solid block type reel is need-
ed at the time of rolling and a unwinding device with a
collapsible type reel is needed at the time of carrying-
out, so that the number of winding/unwinding devices is
increased as compared with the related art described in
Patent Document 1. Such a complication in configuration
leads to arise in initial cost.

[0012] In a plant of a comparatively large scale with an
annual production of notless than 800,000 tons, the merit
of a lowered off-gage rate and an enhanced production
efficiency surpasses the demerit of an increased initial
cost, so that therise in the initial cost to some extent does
not matter. In a small- to medium-scale plant with a ca-
pacity of about 300,000 to 600,000 tons of product per
year, however, the problem of initial cost cannot be ig-
nored, and became contribute to prevent the spread of
cold rolling equipment of these configrations.

[0013] Besides, in general, the joining devices applied
to the use of cold rolling are a laser beam welding ma-
chine and a flash butt welding machine, which are of a
butt joining system. These welding machines make it
possible to secure a high butting accuracy; therefore,
they use a large number of high-rigidity high-accuracy
component parts, leading to larger equipmentand a high-
er costas compared with the other joining systems. When
these welding machines are applied to alarge-scale plant
with an annual production in excess of 1,000,000 tons
such as PL-TCM, the proportion of the welding machine
cost based on the total plant and equipment investment
is comparatively low and, hence, does not matter so
much. When these welding machines are applied to a
small- to medium-scale plant with an annual production
of about 300,000 to 600,000 tons, however, the propor-
tion is so high as to constitute a problem from the view-
point of cost-effectiveness; therefore, the application is
difficult to practice.

[0014] Secondly, thereis a problem relating to an elon-
gated and enlarged coil.

[0015] The related art described in Patent Document
2 is an art by which a buildup coil is formed, and the
buildup coil has an elongated and enlarged form. When
the coil is elongated and enlarged, the torque required
of a reel for exerting a tension necessary for rolling by
the reel is increased in the manner of linear proportion-
ality to the coil outside diameter. This leads to an enlarged
reel-driving device. When the reel-driving device is en-
larged, the winding/unwinding device is also enlarged,
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resulting in an increase in initial cost, like in the first prob-
lem.

[0016] Thirdly, thereisaproblem relating to coil cutting.
[0017] Besides, in Patent Document 2, cold rolling
equipment is proposed in which a buildup coil is cut up
in the final pass to a coil size that permits carrying-out of
coils. In this equipment, if only one winding device is used
to winding the cut coils, the rolling speed at the time of
cutting is 0 mpm. When the rolling speed becomes 0
mpm, rolling is stopped. Therefore, the coefficient of fric-
tion between the work roll and the strip is changed at the
surface of the strip clamped between the work rolls,
whereby stop marks are generated. In addition, the stop
marks would be transferred also to the work rolls. Con-
sequently, in the subsequent rolling, the stop marks may
be transferred to the strip surfaces at regular intervals
corresponding to the rotational pitch of the work rolls.
When the stop marks are generated in the first pass, the
stop marks may be made so inconspicuous that they are
visually imperceptible, due to the continutation of rolling
a plurality of times. When the stop marks are generated
in the final pass, however, they would spoil the quality of
surface gloss, making the products defective in the case
where the products are materials with rigorous quality
requirements.

[0018] Fourthly, there is a problem relating to a so-
called telescopic state.

[0019] There are cases where the coil fed into the un-
winding device has coil end faces being out of alignment.
In other words, there are cases where the coil end faces
are in a telescope-like form (telescopic state). In addition,
the coil end faces may get into the telescopic state due
to fluctuations in rolling speed or tension, in the process
in which rolling is repeated while winding and unwinding
a strip a plurality of times. When the strip of a coil in the
telescopic state is unwound, the strip would meander.
Consequently, it may be impossible to obtain a desired
strip shape, and, in addition, there may be a risk of strip
breakage due to uneven rolling.

[0020] Especially, in the related art described in Patent
Document 2, an elongated and enlarged buildup coil is
formed. In this case, the ratio of coil outside diameter to
strip width is enhanced, by which the problem relating to
the telescopic state is made conspicuous.

[0021] Fifthly, there is a problem relating to the joint
portion of the buildup coil.

[0022] In the coil building-up step, it is ideal that the
coils to be built up are free of variations in thickness. In
practice, however, some difference may exist between
the strip thickness of a preceding coil and the strip thick-
ness of a succeeding coil due to production errors or the
like, leading to the generation of a step at the joint portion.
When a tension is exerted on the buildup coil in the con-
dition where a joint portion having a steep step is located
at an inner layer portion of the buildup coil, the step at
the joint portion would be transferred to the inside and
the outside of each layer of coil, leading to a product
defect that is dealt with as a crack.
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[0023] In addition, where coils are joined by seam
welding of a lap system, a step would be generated at
the joint portion, similarly leading to a product defect.
[0024] Incidentally, while rolling of a cold-rolled steel
plate as a cold-rolled material is common, there are also
cases where a magnetic steel sheet or strip or a magne-
sium sheet with high quality is rolled, and, hence, stable
joining of the cold-rolled materials is desired.

[0025] Itis an object of the presentinvention to provide
cold-rolled material manufacturing equipment and a cold
rolling method by which an excellent investment cost-
effectiveness is realized while maintaining a high efficien-
cy and a high yield, in a small- to medium-scale plant
with an annual production of about 300,000 to 600,000
tons.

Means for Solving the Problems

[0026] A reversible cold rolling method according to a
first invention for solving the above-mentioned first to
third problems is a reversible cold rolling method includ-
ing: a coil building-up step of sequentially unwinding
strips from a plurality of coils to be subjected to a rolling
step and joining the strips together by welding to build
up a coil; a reversible rolling step of subjecting a strip
unwound from the buildup coil to reversible rolling a pre-
determined number of times by arolling mill; and a cutting
step of cutting the coil in a final pass of the reversible
rolling step to desired strip lengths to form a plurality of
coils, the steps being performed on a rolling pass line,
characterized in that the buildup coil has a coil outside
diameter of not more than ¢3000, and a rolling speed at
the rolling mill in the cutting step is more than 0 mpm and
not more than 50 mpm.

[0027] The reversible cold rolling method according to
a second invention for solving the above-mentioned sec-
ond problemis the reversible cold rolling method accord-
ing to the first invention, characterized in that a tension
on a strip when the outside diameter of the buildup coil
is larger is set to be gradually decreased as compared
with a tension on the strip when the outside diameter is
smaller.

[0028] The reversible cold rolling method according to
a third invention for solving the above-mentioned first
problem is the reversible cold rolling method according
to any one of the first and second inventions, character-
izedinthata bent portion at a tail end of the strip unwound
from the buildup coil is cut upon finish of a first pass of
the reversible rolling step.

[0029] On the other hand, when the rolling speed at
the time of cutting up the coil in the final pass is lowered
to a value of more than 0 mpm and not more than 50
mpm, a problem that the strip thickness control accuracy
is lowered is newly generated. Specifically, the strip thick-
ness meterused for the strip thickness controlis disposed
at a distance from the work rolls of the rolling mill; when
the rolling speed is lowered, therefore, a feedback control
of strip thickness by use of measured values obtained
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by the strip thickness meter leads to a time lag, whereby
strip thickness control accuracy is lowered.

[0030] The reversible cold rolling method according to
a fourth invention for solving the above-mentioned newly
generated problem is the reversible cold rolling method
according to the first to third invention, characterized in
thatin the cutting step, entry-side rolling speed and entry-
side strip thickness and delivery-side rolling speed at the
rolling mill are measured, the strip thickness beneath
work rolls of the rolling mill is computed based on the
measured values, and a strip thickness control such as
to obtain a desired strip thickness is performed by a hy-
draulic rolling reduction device possessed by the rolling
mill.

[0031] Similarly, when the rolling speed at the time of
cutting the coil in the final pass is lowered to a value of
more than 0 mpm and not more than 50 mpm, a problem
that shape control accuracy is lowered is newly generat-
ed. Specifically, a shape detector for measuring the
shape of a strip is also disposed at a distance from the
work rolls of the rolling mill, like the strip thickness meter;
when the rolling speed is lowered, therefore, a time is
taken from the shape recognition by the shape detector
until shape correction by an actuator, so that shape con-
trol accuracy is lowered. Besides, in general, a lowering
in rolling speed leads to arise in the coefficient of friction
between the work roll and the strip, resulting in that the
rolling load is raised and the strip shape is disturbed.
[0032] The reversible cold rolling method according to
a fifth invention for solving the above-mentioned newly
generated problem is the reversible cold rolling method
according to any one of the first to fourth inventions, char-
acterized in that in the cutting step, strip shape is con-
trolled by a roll bender control or a coolant control or a
combination of both controls on the basis of the compu-
tation result of roll deflection due to fluctuations in rolling
load at the rolling mill.

[0033] Inaddition, at the time of rolling the buildup coil,
the strip thickness control by the related art may be in-
sufficient in accuracy.

[0034] The reversible rolling method according to a
sixth invention for solving the above-mentioned newly
generated problem is the reversible cold rolling method
according to any one of the first to fifth inventions, char-
acterized in that a strip thickness meter is provided on a
downstream side of the joining device for joining by weld-
ing in the coil building-up step; the strip thickness meter
measures the strip thickness after joining, in the coil build-
ing-up step; and a feedforward strip thickness control is
performed in a first pass of the reversible rolling step.
[0035] The reversible cold rolling method according to
a seventh invention for solving the above-mentioned
fourth problem is the reversible cold rolling method ac-
cording to any one of the first to sixth inventions, char-
acterized in that a coil-building-up winding/unwinding de-
vice is operative to winding and unwinding the buildup
coil and has a coil centering mechanism; the coil-build-
ing-up winding/unwinding device operates the coil
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centering mechanism at the time of winding the buildup
coil, in the coil building-up step; and the coil-building-up
winding/unwinding device operates the coil centering
mechanism at the time of unwinding the buildup coil, in
a first pass of the reversible rolling step.

[0036] The reversible cold rolling method according to
an eighth invention for solving the above-mentioned fifth
problem is the reversible cold rolling method according
to any one of the first to seventh inventions, characterized
in that the order of feeding-in of coils is preliminarily con-
trolled prior to the coil building-up step so that the abso-
lute value of a strip thickness difference between a pre-
ceding coil and a succeeding coil will be not more than
1 mm.

[0037] The reversible cold rolling method according to
a ninth invention for solving the above-mentioned first to
fifth problems is the reversible cold rolling method ac-
cording to any one of the first to eighth inventions, char-
acterized in that the joining in the coil building-up step is
by a mash seam welding system.

[0038] On the other hand, when a joining device of the
mash seam welding system is used, a problem relating
to the joint portion is newly generated. Specifically, a
mash seam welding machine adopts a system in which
materials to be joined together are lapped on each other
and clamped between electrode wheels, and an electric
current is passed through the lapped materials to cause
contact resistance and internal resistance heating of the
materials, whereby the materials are joined together. As
a result, the joint portion upon completion of the joining
shows an increased strip thickness of about 1.2 to 1.5
times the original thickness. The increase in thickness
causes the joint portion to constitute a step, so that an
excessive force is exerted on the rolls when the step
passes the rolling mill. Furthermore, the step may be
transferred to the work rolls as marks. Thus, a problem
similar to the fifth problem is generated.

[0039] The reversible cold rolling method according to
a tenth invention for solving the above-mentioned newly
generated problem similar to the fifth problem is the re-
versible cold rolling method according to any one of the
first to ninth inventions, characterized in that a cross
swaging treatment is performed immediately after the
joining by the mash seam welding system.

[0040] The reversible cold rolling method according to
an eleventh invention is the reversible cold rolling method
according to any one of the first to tenth inventions, char-
acterized in that a cutting device is operative to cut a coll
in the cutting step; and a part at which the coil is cut in
the cutting step is set at a part immediately posterior to
the passage of a joint portion through the cutting device.
[0041] The reversible cold rolling method according to
a twelfth invention is the reversible cold rolling method
according to the eleventh invention, characterized in that
a part at which the coil is cut in the cutting step is set at
a part immediately anterior to the passage of the joint
portion through the cutting device and at a part immedi-
ately posterior to the passage of the joint portion through
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the cutting device.

[0042] The reversible cold rolling method according to
athirteenth invention is the reversible cold rolling method
according to any one of the first to twelfth inventions,
characterized in that the joining device is operative to join
strips together by welding and has a strip heater; and the
strip heater heats the strips to a temperature of not less
than 100°C to not more than 400°C in the coil building-
up step.

[0043] The reversible cold rolling method according to
a fourteenth invention is the reversible cold rolling meth-
od according to any one of the first to thirteenth inven-
tions, characterized in that the rolling mill is of a two-stand
type.

[0044] The reversible cold rolling method according to
a fifteenth invention is the reversible cold rolling method
according to any one of the first to fourteenth inventions,
characterized in that prior to start of a final pass of the
reversible rolling step, work rolls are replaced by dulled
work rolls in a condition where a strip is threaded the
rolling mill, and then rolling in the final pass is performed.
[0045] Reversible cold rolling equipment according to
a sixteenth invention for solving the above-mentioned
first to third problems is reversible cold rolling equipment
for performing a plurality of passes of cold rolling while
changing a rolling direction, by use of a unwinding device
for sequentially unwinding strips from a plurality of input
coils, a coil-building-up winding/unwinding device for
joining the strips together by welding to form a buildup
coil and winding and unwinding a strip of the buildup coil,
a joining device disposed between the unwinding device
and the coil-building-up winding/unwinding device, at
least one reversible rolling mill, first and second wind-
ing/unwinding devices disposed respectively on an entry
side and an delivery side of a first pass of the rolling mill,
a cutting device for cutting the strip of the buildup coil,
and a controller by which the unwinding device, the coil-
building-up winding/unwinding device, the joining device,
the cold rolling mill, the first and second winding/unwind-
ing devices and the cutting device are controlled, char-
acterized in that the buildup coil has a coil outside diam-
eter of not more than ¢3000, and the controller has a
speed controlling function by which a rolling speed of the
cold rolling mill during cutting of the buildup coil is con-
trolled to be more than 0 mpm and not more than 50 mpm.
[0046] The reversible cold rolling equipment according
to a seventeenth invention for solving the above-men-
tioned first to third problems is the reversible cold rolling
equipment according to the sixteenth invention, charac-
terized in that the cutting device has an swing mechanism
which swings in a rolling direction.

[0047] The reversible cold rolling equipment according
to an eighteenth invention for solving the above-men-
tioned second problem is the reversible cold rolling equip-
ment according to any one of the sixteenth and seven-
teenth inventions, characterized in that the controller has
a tension controlling function by which, during coil build-
ing-up and during reversible rolling, a tension on a strip



9 EP 2 514 534 B1 10

when the coil outside diameter is larger is compared with,
and is set to be lower than, a tension on the strip when
the coil outside diameter is smaller.

[0048] Thereversible cold rolling equipment according
to anineteenth invention for solving the above-mentioned
problem newly generated attendantly on the first and third
problems is the reversible cold rolling equipment accord-
ing to any one of the sixteenth to eighteenth inventions,
characterized in that the controller has a strip thickness
controlling function by which, during coil cutting by the
cutting device, entry-side rolling speed and entry-side
strip thickness and delivery-side rolling speed at the roll-
ing mill are measured, a strip thickness beneath work
rolls of the rolling millis computed based on the measured
values, and a strip thickness control such as to obtain a
desired strip thickness is performed by a hydraulic rolling
reduction device possessed by the rolling mill.

[0049] Thereversible cold rolling equipment according
to a twentieth invention for solving the above-mentioned
problem newly generated attendantly on the first and third
problems is the reversible cold rolling equipment accord-
ing to any one of the sixteenth to nineteenth inventions,
characterized in that the controller has a shape control-
ling function by which, during cutting by the cutting de-
vice, a strip shape is controlled by a roll bender control
or a coolant control or a combination of both controls on
the basis of a computation result of roll deflection due to
fluctuations in rolling load at the cold rolling mill.

[0050] Thereversible cold rolling equipment according
to a twenty-first invention for solving the above-men-
tioned fourth problem is the reversible cold rolling equip-
ment according to any one of the sixteenth to twentieth
inventions, characterized in that the coil-building-up
winding/unwinding device has a coil centering mecha-
nism; and the controller has a coil centering function of
controlling the coil-building-up winding/unwinding device
so as to operate the coil centering mechanism at the time
of winding the buildup coil, and to operate the coil center-
ing mechanism at the time of unwinding the buildup coil.
[0051] Thereversible cold rolling equipment according
to a twenty-second invention for solving the above-men-
tioned first and fifth problems is the reversible cold rolling
equipment according to any one of the sixteenth to twen-
ty-firstinventions, characterized in that the joining device
is a mash seam welding machine.

[0052] Thereversible cold rolling equipment according
to a twenty-third invention for solving the above-men-
tioned fifth problem is the reversible cold rolling equip-
ment according to the twenty-second invention, charac-
terized in that the mash seam welding machine as the
joining device has a swaging roller having a mechanism
for inclining an axis of the swaging roller relative to a
horizontal plane perpendicular to a weld line.

[0053] Thereversible cold rolling equipment according
to a twenty-fourth invention is the reversible cold rolling
equipment according to any one of the sixteenth to twen-
ty-third inventions, characterized in that the cold rolling
mill is of a two-stand type.
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Effects of the Invention

[0054] Accordingtothe presentinvention, the following
effects can be obtained.

[0055] Inthe first and sixteenth inventions, the buildup
coil is formed in the coil building-up step, and the buildup
coil is subjected to reversible rolling a predetermined
number of times in the reversible rolling step. This en-
sures that the length of the material to be rolled is en-
larged and, hence, the time of rolling at a steady rolling
speed can be prolonged with the result of an enhanced
production efficiency, as compared with the related art
described in Patent Document 1. In addition, an unrolled
portion is generated only at an innermost circumferential
portion and an outermost circumferential portion of the
buildup coil, so that off-gage rate can be remarkably low-
ered. Further, there is little portion that is rolled at a non-
steady rolling speed, so that strip thickness accuracy is
enhanced. In other words, a high efficiency and a high
yield comparable to those according to the related art
described in Patent Document 2 can be maintained.
[0056] With the coil outside diameter of the buildup coil
set to be not more than ¢3000, a coil tightening force
exerted on the buildup coil can be restricted, and the
winding/unwinding device can be restrained from being
enlarged due to enlargement of the outside diameter of
the buildup coil. As a result, it is ensured that while the
solid block type reel must be applied to the winding/un-
winding device in the second related art, a collapsible
type reel can be applied to the winding/unwinding device
according to the just-mentioned inventions. The wind-
ing/unwinding device to which the collapsible type reel
is applied is capable of performing both a winding and
unwinding operation and a carrying-out operation.
[0057] This eliminates the need for a winding/unwind-
ing device having a solid block type reel and a winding
device for carrying-out, which have been indispensable
in the related art described in Patent Document 2. Ac-
cordingly, equipment configuration can be simplified,
and, consequently, initial cost can be curtailed.

[0058] Inthe cutting step, the rolling speed of the rolling
mill is set to be more than 0 mpm and not more than 50
mpm. This ensures that after coil cutting, a series of op-
erations of extracting a coil, carrying out the coil and then
continuously winding the next coil can be performed us-
ing a single winding/unwinding device.

[0059] Preferably, the rolling speed of the rolling mill
during the cutting step is more than 0 mpm and not more
than 20 mpm, more preferably more than 0 mpm and not
more than 10 mpm, still more preferably more than 0
mpm and not more than 5 mpm, and further preferably
more than 0 mpm and not more than 2 mpm. This ensures
that the distance between the cutting device and the
winding/unwinding device can be shortened, and equip-
ment length can be thereby shortened. As a result, initial
investment expenditure can be cut down.

[0060] Furthermore, with the rolling continued, stop
marks of the work rolls can be prevented from being
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formed on the strip.

[0061] Inthe seventeenth invention, the cutting device
has an swing mechanism which oscillates in the rolling
direction. With the rolling speed of the rolling mill during
the cutting step set to be more than 0 mpm and not more
than 50 mpm, it is possible to apply a cutting device hav-
ing an swing mechanism that is comparatively inexpen-
sive and, hence, to curtail the initial cost.

[0062] In the second and eighteenth inventions, ten-
sion control is conducted, whereby itis possible to restrict
a coil tightening force exerted on the coil and to prevent
the winding/unwinding device from being enlarged due
to an enlargement of coil outside diameter.

[0063] In the third invention, a bent portion at the tail
end of the strip unwound from the buildup coil is cut, upon
completion of the first pass of the reversible rolling step,
whereby the reversible rolling line of an existing equip-
ment (the related art described in Patent Document 1)
can be improved in an inexpensive manner.

[0064] On the other hand, when the rolling speed dur-
ing the cutting step is lowered to a value of more than 0
mpm and not more than 50 mpm, a problem of a lowering
in strip thickness control accuracy is newly generated.
Specifically, a strip thickness meter used for strip thick-
ness control is disposed at a distance from the work rolls
of the rolling mill. When the rolling speed is lowered,
therefore, a feedback control of strip thickness by use of
measured values obtained from the strip thickness meter
leads to a lowering in strip thickness control accuracy
due to a time lag.

[0065] In order to solve the just-mentioned newly gen-
erate problem, in the fourth and nineteenth inventions,
in the cutting step the entry-side rolling speed and the
entry-side strip thickness and the delivery-side rolling
speed of the cold rolling millare measured, the strip thick-
ness beneath the work roll of the cold rolling mill is com-
puted based on the measured values, and a strip thick-
ness control is conducted by a hydraulic rolling reduction
device possessed by the cold rolling mill so that a desired
strip thickness will be obtained. Therefore, the accuracy
of strip thickness can be maintained.

[0066] Similarly, when the rolling speed during the cut-
ting operation is lowered to a value of more than 0 mpm
and not more than 50 mpm, a problem of lowering in
shape control accuracy is newly generated. Specifically,
like the strip thickness meter, a shape detector for meas-
uring the shape of the strip is also disposed at a distance
from the work rolls of the rolling mill. When the rolling
speed is lowered, therefore, time is taken after the rec-
ognition of strip shape by the shape detector until the
correction of strip shape by an actuator, whereby shape
control accuracy is lowered. Besides, aloweringin rolling
speed generally raises the coefficient of friction between
the work roll and the strip, resulting in a rise in rolling
load, changing the roll deflection, whereby the strip shape
is disturbed.

[0067] In order to solve the just-mentioned new prob-
lem, in the fifth and twentieth inventions, at the time of
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cutting the coil in the final pass, strip shape is controlled
by a roll bender control or a coolant control or a combi-
nation of both controls on the basis of the computation
result of rollwarpage due to fluctuations in the rolling load
at the rolling mill. This makes it possible to compensate
forthe detection lag and to maintain the shape of the strip.
[0068] In addition, at the time of rolling the buildup coil,
the strip thickness control according to the related art
may result in an insufficient accuracy.

[0069] In order to solve the just-mentioned new prob-
lem, in the sixth invention, a feedforward strip thickness
control is conducted; specifically, prior to the reversible
rolling step, a rolling reduction control quantity is predict-
ed and controlled, whereby a strip thickness control ac-
curacy can be maintained.

[0070] In the seventh and twenty-first inventions, the
coil centering mechanism is operated when the buildup
coil is wound by the coil-building-up winding/unwinding
device in the coil building-up step, whereby the buildup
coil can be prevented from being formed in a telescopic
state.

[0071] Inthefirst pass of the reversible rolling step, the
coil-building-up winding/unwinding device operates the
coil centering mechanism at the time of unwinding the
buildup coil. This ensures that even if the buildup coil is
formed in a telescopic state, a control can be performed
so that the cold rolling mill and the center of the strip are
made to conform to each other and rolling is maintained.
[0072] With the coil centering mechanism 23 thus ap-
plied to the coil-building-up winding/unwinding device,
the coil end faces can be prevented from getting out of
alignment, and the problem relating to the telescopic
state of the buildup coil can be solved.

[0073] In the eighth invention, the order of feeding-in
of coils into the unwinding device is preliminarily control-
led so that the absolute value of a strip thickness differ-
ence between a preceding coil and a succeeding coil will
be not more than 1 mm, preferably not more than 0.5
mm. This makes it possible to reduce the possibility that,
due to a step at the joint portion located in an inner layer
portion of the built-up coil, a crack might be transferred
to the adjacent coil layers.

[0074] Inthe ninth and twenty-second inventions, join-
ing is conducted by use of a joining device of a mash
seam welding system which is inexpensive. This makes
it possible to solve the problem relating to cost-effective-
ness, in a small- to medium-scale production facility with
an annual output of about 300,000 to 600,000 tons.
[0075] On the other hand, when a joining device of the
mash seam welding system is used, a problem relating
to the joint portion is newly generated. Specifically, a
mash seam welding machine adopts a system wherein
the materials to be joined are lapped on each other and
clamped between electrode wheels, and an electric cur-
rent is passed through the materials to cause contact
resistance and internal resistance heating of the materi-
als, whereby the materials are joined together. As a re-
sult, the joint portion upon completion of the joining shows
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an increased strip thickness of about 1.2 to 1.5 times the
original thickness. The increase in thickness causes the
joint portion to constitute a step, so that an excessive
force is exerted on the rolls when the step passes the
rolling mill. Furthermore, the step may be transferred to
the work rolls as marks.

[0076] Inthe tenth and twenty-third inventions, a cross
swaging treatment for rolling the joint portion showing an
increased strip thickness is conducted by inclining swag-
ing rollers after the mash seam welding, whereby the
step can be smoothened.

[0077] Meanwhile, although the problemrelating to the
joint portion is solved as above-mentioned, the product
coils may be required to have a further accuracy.
[0078] In the eleventh invention, coil cutting in the final
pass is performed immediately posterior to the passage
of the joint portion through the cutting device. By this, the
joint portion can be disposed at the outer surface of the
cut coil, and a treatment of the joint portion after coil ex-
traction can be easily carried out.

[0079] In the twelfth invention, the coil cutting in the
final pass is conducted immediately anterior to the pas-
sage of the joint portion through the cutting device and
immediately posterior to the passage of the joint portion
through the cutting device. This ensures that the joint
portion is not wound around the product coil, so that the
need for an after-treatment of the joint portion can be
eliminated.

[0080] In the thirteenth invention, the strip heater heats
the strip to a temperature of not less than 100°C to not
more than 400°C, whereby a magnetic steel sheet or strip
or a magnesium sheet with high quality can be stably
rolled.

[0081] Meanwhile,inthe case where rolling is conduct-
ed using a one-stand type cold rolling mill, the time nec-
essary for the reversible rolling step is by far longer, as
compared with the time required for the coil building-up
step. Thus, there is a problem of a bad tact balance.
[0082] In the fourteenth and twenty-fourth invention,
rolling is conducted using a two-stand type cold rolling
mill. This makes it possible to reduce the number of rolling
passes to be conducted until a desired strip thickness is
obtained and, thereby, to shorten the time necessary for
the reversible rolling step. As a result, it is possible to
improve the tact balance between the coil building-up
step and the reversible rolling step, and to enhance pro-
duction efficiency.

[0083] In the fifteenth invention, the work rolls are re-
placed by dulled work rolls in a condition where a strip is
threaded the cold rolling mill, before the start of the final-
pass rolling, and then the final-pass rolling is conducted.
This makes it possible to enhance malleability at the time
of deep drawing conducted as a preparatory step for the
cold rolling step, or the adhesion and sharpness relating
to painting.

[0084] As above-described, it is possible to provide
cold-rolled material manufacturing equipment and a cold
rolling method by which an excellent investment cost-
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effectiveness is realized while maintaining a high efficien-
cy and a high yield in a small- to medium-scale plant with
an annual production of about 300,000 to 600,000 tons.

Brief Description of Drawings
[0085]

Fig. 1 is a schematic view of cold-rolled material
equipment according to a first embodiment of the
present invention.

Fig. 2 is a control flow showing a procedure (coil
building-up step) executed by a controller.

Fig. 3 is a control flow showing procedures (first to
third passes of a reversible rolling step) executed by
the controller.

Fig. 4 is a control flow showing procedures (fourth
pass of the reversible rolling step, and a cutting step)
executed by the controller.

Fig. 5 is a timetable (coil building-up step) for each
of devices.

Fig. 6 is a timetable (first to third passes of the re-
versible rolling step) for each of the devices.

Fig. 7 is a timetable (fourth pass of the reversible
rolling step, and the cutting step) for each of the de-
vices.

Fig. 8 is a schematic view of cold-rolled material
equipment according to a first related art used for
comparison.

Fig. 9 is a schematic view of cold-rolled material
equipment according to a second related art used
for comparison.

Fig. 10 is a diagram showing a tension control at the
time of winding a buildup coil.

Fig. 11 is a schematic perspective view of a coil
centering mechanism applied to a unwinding device.
Fig. 12 is a conceptual illustration of a mash seam
welding system.

Fig. 13 is a schematic view of a joining device of the
mash seam welding system.

Fig. 14is aschematic view of an inclining mechanism
provided in the joining device.

Fig. 15is anillustration of metal flow at a joint portion.
Fig. 16 shows illustrations of a first setting method
for an angle of inclination of pressure rollers.

Fig. 17 shows illustrations of a second setting meth-
od for the angle of inclination of the pressure rollers.
Fig. 18 is a schematic view of cold-rolled material
equipment according to a second embodiment of the
present invention.

Fig. 19 is a schematic view of cold-rolled material
equipment according to a third embodiment of the
present invention.

Fig. 20 is a schematic view of cold-rolled material
equipment according to a fourth embodiment of the
present invention.
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Mode for Carrying Out the Invention
First Embodiment

[0086] Now, a first embodiment of the present inven-
tion will be described below, referring to the drawings.
Description will be made of an exemplary case where
the cold-rolled material in the present embodiment is a
cold-rolled steel plate.

<Main Configuration>

[0087] Fig. 1isaschematicview of cold-rolled material
equipment according to the first embodiment of the
present invention.

[0088] InFig. 1, the cold-rolled material equipment ac-
cording to the present embodiment includes, as main
components: a reversible cold rolling mill 1; a unwinding
device 2 for unwinding a strip of an input coil 101; a wind-
ing/unwinding device 3 (first winding/unwinding device)
disposed on the entry side of afirst pass of the cold rolling
mill 1; a winding/unwinding device 4 (second winding/un-
winding device) disposed on the delivery side of the first
pass of the cold rolling mill 1; a joining device 5 disposed
downstream of the unwinding device 2 for forming a build-
up coil 102 from a plurality of input coils 101; a wind-
ing/unwinding device 6 for coil building-up for winding
and unwinding the strip of the buildup coil 102; a cutting
devices 7 for cutting up the strip of the buildup coil 102
in a final pass to form output coils 103; and a controller
20 for controlling the cold rolling mill 1, the unwinding
device 2, the winding/unwinding devices 3, 4, the joining
device 5, winding/unwinding device 6 and the cutting de-
vices 7.

[0089] Thereversible cold rolling mill 1 is, forexample,
a six-high UC mill which includes top and bottom work
rolls 11, 11 which make direct contact with a work (ma-
terial to be rolled) and roll the work, top and bottom in-
termediate rolls 12, 12 which support the work rolls in the
vertical direction, and top and bottom back-up rolls 13,
13 which support the intermediate rolls 12, 12 in the ver-
tical direction.

[0090] A hydraulic rolling reduction device 14 is pro-
vided beneath the bottom back-up roll 13. Based on a
command, the hydraulic rolling reduction device 14
moves vertically a bearing for the bottom back-up roll 13,
whereby a strip is reduced to obtain a predetermined
rolling reduction. Aload meter 15is provided on the upper
side of the top back-up roll 13, and the rolling reduction
of the rolls is controlled correspondingly to a variation in
load that is detected by the load meter 15. This series of
operations is referred to as reduction control.

[0091] Incidentally, a strip thickness meter 16a, a plate
velocity meter 17a and a shape meter 18a are provided
on the entry side of the first pass of the cold rolling mill
1, whereas a strip thickness meter 16b, a plate velocity
meter 17b and a shape meter 18b are provided on the
delivery side of the first pass of the cold rolling mill 1.
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These meters are used for a strip thickness control and
a shape control, and the reduction control is carried out
based on the results of these controls.

[0092] The unwinding device 2 includes a collapsible
type reel having an expansion/collapse, sets the input
coil 101, and unwinds a strip of the input coil 101. In
addition, the unwinding device 2 includes a coil centering
mechanism 22 (described later).

[0093] The winding/unwinding device 3 and the wind-
ing/unwinding device 4 each repeats winding and un-
winding a work between the winding/unwinding device 3
and the winding/unwinding device 4, whereby a plurality
of passes of cold rolling are carried out while changing
the rolling direction. In addition, the winding/unwinding
device 3 and the winding/unwinding device 4 include a
collapsible type reel having an expansion/collapse and
carry out the output coil 103 which is formed by cutting.
[0094] The joining device 5 joins the tail end of the strip
of afirstinput coil 101a already unwound with the leading
end of the strip of a second input coil 101b subsequently
unwound, and subsequently and similarly joins the tail
end of the strip of the second input coil 101b with the
leading end of the strip of a third input coil 101¢, to form
a buildup coil 102.

[0095] The winding/unwinding device 6 (for coil build-
ing-up) sequentially winds the strips of the buildup coil
102 joined by the joining device 5, and unwinds the strip
of the buildup coil 102 in the first pass. The winding/un-
winding device 6 has a solid type reel which does not
have an expansion/collapse. Incidentally, the wind-
ing/unwinding device 6 may not necessarily have the sol-
id type reel, but may have a collapsible type reel. In ad-
dition, the winding/unwinding device 6 has a coil center-
ing mechanism 23 (described later).

[0096] The cutting device 7 includes a cutting device
7a and a cutting device 7b. The cutting device 7a is dis-
posed between the cold rolling mill 1 and the winding/un-
winding device 3, and cuts up the strip of the buildup coil
102 in a pass in which the winding in a final pass is com-
pleted at the winding/unwinding device 3. Besides, the
cutting device 7b is disposed between the cold rolling
mill 1 and the winding/unwinding device 4, and cuts up
the strip of the buildup coil 102 in a pass in which the
winding in the final pass is completed at the winding/un-
winding device 4. The cutting devices 7a and 7b each
have an swing mechanism (not shown).

<Main Control>

[0097] Figs. 2 to 4 are control flows showing the pro-
cedures executed by the controller 20. Dotted lines indi-
cate relationships among the devices 1 to 7. Description
will be made of a control in the case where a buildup coil
102 is formed from three input coils 101, four passes of
rolling are conducted, and thereafter three output coils
103 are formed. Figs. 5 to 7 are timetables for each of
the devices 1 to 7 corresponding to the control flows, and
the same step numbers as in Figs. 2 to 4 are given to
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those parts of the timetables which correspond to the
procedure steps in the control flows.

[0098] A main control in the coil building-up step will
be described referring to Fig. 2.

[0099] The controller 20 controls the unwinding device
2 in the following manner. When a first input coil 101a is
fed into and mounted onto the unwinding device 2, the
unwinding device 2 unwinds a strip of the first input coil
101a at a speed (hereafter referred to as passing speed,
for convenience) comparable to the speed at which the
strip is threaded the rolling mill (S0201). When the strip
of the first input coil 101a is gripped by the winding/un-
winding device 6, the unwinding device 2 unwinds the
strip of the firstinput coil 101a at a steady speed (S0202).
Here, the steady speed means a maximum speed at
which the capability of the cold rolling mill can be exhib-
ited to the utmost (hereafter the same applies also to the
steady speeds at the winding/unwinding devices 3 and
4). Upon unwinding the strip tail end of the first input coll
101a, the unwinding device 2 is stopped (S0203). When
a second input coil 101b is fed into and mounted onto
the unwinding device 2, the unwinding device 2 unwinds
a strip of the second input coil 101b to the joining device
5 at the passing speed, and, when the strip leading end
ofthe second input coil 101b is fed out to a joining position
of the joining device 5, the unwinding device 2 stops un-
winding (S0204). Upon joining between the firstinput coil
101a and the second input coil 101b, the unwinding de-
vice 2 unwinds the remaining strip of the second input
coil 101b at the steady speed (S0205). The unwinding
device 2 is stopped upon unwinding the strip tail end of
the second input coil 101b (S0206). When a third input
coil 101c is fed into and mounted onto the unwinding
device 2, the unwinding device 2 unwinds a strip of the
third input coil 101c to the joining device 5 at the threading
speed, and, when the strip leading end of the third input
coil 101c is fed out to the joining position of the joining
device 5, the unwinding device 2 stops unwinding
(S0207). Subsequent to joining between the second input
coil 101b and the third input coil 101c, the unwinding
device 2 unwinds the remaining strip of the third input
coil 101c at the steady speed (S0208). When the strip
tail end of the third input coil 101c is unwound from the
unwinding device 2, the unwinding device 2 is stopped
(S0209).

[0100] The controller 20 controls the joining device 5
as follows. When the strip tail end of the first input coil
101a reaches and is stopped at the joining position and
the strip leading end of the second input coil 101b is fed
out to the joining position, the joining device 5 joins the
first input coil 101a and the second input coil 101b
(S0501). Thereafter, when the strip tail end of the second
input coil 101b reaches and is stopped at the joining po-
sition and the strip leading end of the third input coil 101¢c
is fed out to the joining position of the joining device 5,
the joining device 5 joins the second input coil 101b and
the third input coil 101c (S0502).

[0101] The controller 20 controls the winding/unwind-
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ing device 6 (for coil building-up) in the following manner.
When the strip of the first input coil 101a is unwound from
the unwinding device 2 and is fed out further to the wind-
ing/unwinding device 6, the winding/unwinding device 6
grips the strip leading end of the first input coil 101a
(S0601). The winding/unwinding device 6 winds the strip
of the first input coil 101a at the steady speed (S0602),
and, when the strip tail end of the first input coil 101a
reaches the joining device 5, the winding/unwinding de-
vice 6 is decelerated and stops winding (S0603). Upon
joining between the first input coil 101a and the second
input coil 101b, the winding/unwinding device 6 winds
the remaining strip of the first input coil 101a at the steady
speed, and, subsequently, winds the strip of the second
input coil 101b joined (S0604). Upon arrival of the strip
tail end of the second input coil 101b at the joining device
5, the winding/unwinding device 6 is decelerated and
stops winding (S0605). Upon joining between the second
input coil 101b and the third input coil 101c, the wind-
ing/unwinding device 6 winds the remaining strip of the
second input coil 101b at the steady speed, and, subse-
quently, winds the strip of the third input coil joined
(S0606). When the strip of the third input coil 101c is
wound completely, the winding/unwinding device 6 is
stopped (S0607). In this condition, the buildup coil 102
is formed from the three coils 101a, 101b and 101c
(S0608). Incidentally, the outside diameter of the buildup
coil 102 is not more than ¢3000.

[0102] A main control in the first to third passes of the
reversible rolling step will be described referring to Fig. 3.
[0103] The controller 20 controls the cold rolling mill 1
as follows. Prior to the start of first-pass rolling, the strip
leading end of the buildup coil 102 is unwound from the
winding/unwinding device 6 to the winding/unwinding de-
vice 4 and is gripped by the winding/unwinding device 4,
whereon the cold rolling mill 1 is subjected to a rolling
reduction control (S1101). When the preparation for roll-
ing is completed, the cold rolling mill 1 is accelerated to
the steady rolling speed, and performs the first-pass roll-
ing at the steady rolling speed (S1102). When the strip
tail end of the buildup coil 102 is unwound and fed out
from the winding/unwinding device 6, the cold rolling mill
1 is decelerated. When the strip tail end of the buildup
coil 102 arrives at a position immediately anterior to the
cold rolling mill 1, the cold rolling mill 1 stops rolling
(S1103), and the first-pass rolling is finished (S1111).
[0104] When the strip tail end of the buildup coil 102
stopped at a position immediately anterior to the cold
rolling mill 1 upon the finish of the first pass is fed out in
the reverse direction to that in the first pass to the wind-
ing/unwinding device 3 and the strip leading end is
gripped by the winding/unwinding device 3, before the
start of second-pass rolling, the cold rolling mill 1 is sub-
jected to a rolling reduction control (S2101). When the
preparation for rolling is completed, the cold rolling mill
1 is accelerated to the steady rolling step in the reverse
direction to that in the first pass, and second-pass rolling
is performed at the steady rolling speed (S2102). When
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the strip of the buildup coil 102 is unwound from the wind-
ing/unwinding device 4 with its end gripped by the wind-
ing/unwinding device 4, the cold rolling mill 1 is deceler-
ated and stopped (S2103), whereby the second-pass
rolling is finished (S2104).

[0105] Thereafter, prior to the start of third-pass rolling,
the cold rolling mill 1 is subjected to a rolling reduction
control such as to obtain a desired strip thickness
(83101). When the preparation for rolling is completed,
the cold rolling mill 1 is accelerated to the steady rolling
speed, and performs the third-pass rolling at the steady
rolling speed (S3102). When the strip of the buildup coil
102 is unwound from the winding/unwinding device 3 with
its end gripped by the winding/unwinding device 3, the
cold rolling mill 1 is decelerated and stopped (S3103),
whereby the third-pass rolling is finished (S3104). Here,
the steady rolling speed means a maximum speed at
which the capability of the cold rolling mill can be exhib-
ited to the utmost, in obtaining a desired strip thickness.
The steady rolling speed in reversible cold rolling equip-
ment is generally in the range of 400 to 1400 mpm.
[0106] The controller 20 controls the winding/unwind-
ing device 6 (for coil building-up) in the following manner.
The winding/unwinding device 6 unwinds the strip of the
buildup coil 102, which has been formed in the coil build-
ing-up step, to the winding/unwinding device 4 at the
threading speed (S1601). Upon completion of the prep-
aration for the first-pass rolling, the winding/unwinding
device 6 unwinds the strip of the buildup coil 102 accord-
ing to the rolling speed of the cold rolling mill 1 which is
rolling at the steady rolling speed (S1602), and, when
the strip is unwound completely, the winding/unwinding
device 6 is stopped (S1603).

[0107] The controller 20 controls the winding/unwind-
ing device 3 (first winding/unwinding device) as follows.
When the strip tail end of the buildup coil 102 stopped at
a position immediately anterior to the cold rolling mill 1
upon the finish of the first pass is fed out in the reverse
direction to that in the first pass to the winding/unwinding
device 3, the winding/unwinding device 3 grips the strip
end (S2301). According to the rolling speed of the cold
rolling mill 1 which is rolling at the steady rolling speed,
the winding/unwinding device 3 winds the strip of the
buildup coil 102 (S2302), and is decelerated and stopped
in conformity with the finishing of the second-pass rolling
(S2303). Thereafter, according to the rolling speed of the
cold rolling mill 1 which is rolling at the steady rolling
speed, the winding/unwinding device 3 unwinds the strip
of the buildup coil 102 (S3301), and it is decelerated and
stopped in conformity with the finishing of the third pass
(S3302).

[0108] The controller 20 controls the winding/unwind-
ing device 4 (second winding/unwinding device) in the
following manner. When the strip leading end of the build-
up coil 102 is fed out to the winding/unwinding device 4,
the winding/unwinding device 4 grips the strip end
(S1401). According to the rolling speed of the cold rolling
mill 1 whichis rolling atthe steady rolling speed, the wind-
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ing/unwinding device 4 winds the strip of the buildup coil
102 (S1402), and it is decelerated and stopped in con-
formity with the finishing of the first-pass rolling (S1403).
Then, the winding/unwinding device 4 unwinds the strip
of the buildup coil 102 at the threading speed in the re-
verse direction to that in the first pass to the winding/un-
winding device 3 (S2401). When the preparation for sec-
ond-passrolling is completed, the winding/unwinding de-
vice 4 unwinds the strip of the buildup coil 102 according
to the rolling speed of the cold rolling mill 1 which is rolling
at the steady rolling speed (S2402). Then, the wind-
ing/unwinding device 4 is decelerated and stopped in
conformity with the finishing of the second-pass rolling
(S2403). Thereafter, according to the rolling speed in a
third pass of the cold rolling mill 1 which is rolling at the
steady rolling speed in the reverse direction to that in the
second pass, the winding/unwinding device 4 winds the
strip of the buildup coil 102 (S3401), and it is decelerated
and stopped in conformity with the finishing of the third-
pass rolling (S3402).

[0109] Description will be made of a main control dur-
ing a fourth pass (final pass) of the reversible rolling step
and during the cutting step. Inthe cutting step, the buildup
coil is divided (cut up) into three output coils 103ato 103c.
The coil building-up step and the first to third passes of
the reversible rolling step are steps which are substan-
tially common to the present embodiment and a second
related art (described later). On the other hand, the fourth
pass (final pass) in the reversible rolling step and the
cutting step are characteristic of the present embodi-
ment.

[0110] The controller 20 controls the cold rolling mill 1
in the following manner. After the finish of the third-pass
rolling and before the start of a fourth-pass rolling, the
cold rolling mill 1 is subjected to a rolling reduction control
so that a desired strip thickness will be obtained (S4101).
When the preparation for rolling is completed, the cold
rolling mill 1 is accelerated in the reverse direction to that
in the third pass to a steady rolling speed, and the fourth-
pass (final-pass) rolling is conducted at the steady rolling
speed (S4102). According to a procedure in which the
strip of the buildup coil 102 is cut by the cutting device
7a and a first output coil 103a is carried out from the
winding/unwinding device 3, the cold rolling mill 1 is de-
celerated and conducts rolling at a low speed (for exam-
ple, 2 mpm) (S4103). When the preparation for winding
of the remaining strip (corresponding to a second input
coil 103b) is completed, the cold rolling mill 1 is acceler-
ated again to a steady rolling speed, and rolls the remain-
ing strip in the final pass of the buildup coil 102 (S4104).
According to the procedure in which the strip of the build-
up coil 102 is cut by the cutting device 7a and the second
output coil 103b is carried out from the winding/unwinding
device 3, the cold rolling mill 1 is decelerated and per-
forms rolling at a low speed (for example, 2 mpm)
(S4105). When the preparation for winding of the remain-
ing strip (corresponding to a third input coil 103c), the
cold rolling mill 1 is accelerated again to a steady rolling
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speed, and rolls the remaining strip in the final pass of
the buildup coil 102 at the steady rolling speed (S4106).
According to the procedure in which the strip of the build-
up coil 102 is cut by the cutting device 7a and the third
outputcoil 103cis carried out from the winding/unwinding
device 3, the cold rolling mill 1 is decelerated and con-
ducts rolling at a low speed (for example, 2 mpm)
(S4107). When the third output coil 103c is cut off the
strip of the buildup coil 102 by the cutting device 7a, the
cold rolling mill 1 stops rolling (S4108), and the fourth-
pass (final-pass) rolling is finished (S4109).

[0111] The controller 20 controls the winding/unwind-
ing device 3 (first winding/unwinding device) as follows.
According to the rolling speed in the fourth pass (final
pass) of the cold rolling mill 1 which is rolling at a steady
rolling speed, the winding/unwinding device 3 winds the
strip of the buildup coil 102 (S4301). Upon winding of a
predetermined length of the strip, according to the rolling
speed of the cold rolling mill 1 which is rolling at a low
speed (for example, 2 mpm) in conformity with the pro-
cedure of cutting, the winding/unwinding device 3 winds
the strip of the buildup coil 102 (S4302). After cutting of
the first output coil 103a, the winding/unwinding device
3 winds the remaining strip ata high speed (S4303). After
completion of the winding, the winding/unwinding device
3 permits the first output coil 103a to be extracted there-
from and carried out (S4304). The leading end of the strip
unwound subsequently (the leading end of the second
input coil 103b) is wound by a beltwrapper (S4305). Upon
completion of the preparation for winding, according to
the rolling speed in the fourth pass (final pass) of the cold
rolling mill 1 which is rolling at a steady rolling speed, the
winding/unwinding device 3 winds the strip of the buildup
coil 102 (S4306). Upon winding of a predetermined
length of the strip, according to the rolling speed of the
cold rolling mill 1 which is rolling at a low speed (for ex-
ample, 2 mpm) in conformity with the procedure of cut-
ting, the winding/unwinding device 3 winds the strip of
the buildup coil 102 (S4307). After cutting of the second
output coil 103b, the winding/unwinding device 3 winds
the remaining strip at a high speed (S4308), and, after
completion of the winding, the winding/unwinding device
3 permits the second output coil 103b to be extracted
therefrom and carried out (S4309). The leading end of
the strip unwound subsequently (the leading end of the
third input coil 103c) is wound by the belt wrapper
(S4310). Upon completion of the preparation for winding,
according to the rolling speed in the fourth pass (final
pass) of the cold rolling mill 1 which is rolling at a steady
rolling speed, the winding/unwinding device 3 winds the
strip of the buildup coil 102 (S4311). Upon winding of a
predetermined length of the strip, according to the rolling
speed of the cold rolling mill 1 which is rolling at a low
speed (for example, 2 mpm) in conformity with the pro-
cedure of cutting, the strip of the buildup coil 102 is wound
(S4312). After cutting of the third output coil 103b, the
winding/unwinding device 3 winds the remaining strip at
a high speed (S4313). After completion of the winding,
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the winding/unwinding device 3 permits the third output
coil 103c to be extracted therefrom and carried out
(S4314).

[0112] Incidentally, while a system in which the winding
of the strip leading end onto the winding/unwinding de-
vice 3 that is conducted in the fourth pass (final pass)
and the cutting step is conducted by the belt wrapper is
adopted in the present embodiment, a system in which
the strip leading end is gripped is adopted in the case
where the winding/unwinding device 3 is not provided
with the belt wrapper (not shown).

[0113] The controller 20 controls the winding/unwind-
ing device 4 (second winding/unwinding device) as fol-
lows. According to the rolling speed in the fourth pass
(final pass) of the cold rolling mill 1 which is rolling at a
steady rolling speed, the winding/unwinding device 4 un-
winds the strip of the buildup coil 102 (S4401). Upon un-
winding of a predetermined length of the strip, according
to the rolling speed of the cold rolling mill 1 which is rolling
at a low speed (for example, 2 mpm) in conformity with
the procedure of cutting, the winding/unwinding device
4 unwinds the strip of the buildup coil 102 (S4402). There-
after, according to the rolling speed of the cold rolling mill
1 which is rolling again at the steady rolling speed, the
winding/unwinding device 4 unwinds the strip of the build-
up coil 102 (S4403). Upon unwinding of a predetermined
length of the strip, according to the rolling speed of the
cold rolling mill 1 which is rolling at a low speed (for ex-
ample, 2 mpm) in conformity with the procedure of cut-
ting, the winding/unwinding device 4 unwinds the strip of
the buildup coil 102 (S4404). Thereafter, according to
the rolling speed of the cold rolling mill 1 which is rolling
again at the steady rolling speed, the winding/unwinding
device 4 unwinds the strip of the buildup coil 102 (S4405).
Upon unwinding of a predetermined length of the strip,
according to the rolling speed of the cold rolling mill 1
which is rolling at a low speed (for example, 2 mpm) in
conformity with the procedure of cutting, the winding/un-
winding device 4 unwinds the strip of the buildup coil 102
(S4406). After cutting of the third output coil 103b, the
winding/unwinding device 4 winds the remaining strip,
and permits an off-gage coil 103d to be extracted there-
from and carried out (S4407).

[0114] The controller 20 controls the cutting device 7a
in the following manner. The controller 20 computes each
of cutting positions from respective coil outside diameters
and reel rotational speeds at the winding/unwinding de-
vices 3 and 4. The cutting device 7a cuts the first output
coil 103a off the strip of the buildup coil 102 at the cutting
position (S4701), cuts the second output coil 103b off the
remaining strip at the next cutting position (S4702), and
cuts the third output coil 103c off the remaining strip ata
further cutting position (S4703).

[0115] While the controller 20 computes the cutting po-
sitions on the basis of the coil outside diameters and reel
rotational speeds in the present embodiment, a method
may be adopted in which boring of holes in the cutting
positions or the like is applied and the cutting positions
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are detected by a cutting position detector (not shown)
or the like. Besides, a method may also be adopted in
which the cutting positions are grasped through compu-
tation of distances by use of a distance measuring func-
tion of the strip velocity meter.

<Main Operations>

[0116] Operations of the cold-rolled material equip-
ment according to the present embodiment will be de-
scribed. Description will be made of the operations in the
case where a buildup coil 102 is formed from three input
coils 101 and is subjected to four passes of rolling, to
form three input coils 103.

(Coil Building-up Step)

[0117] When a first input coil 101a is fed into and
mounted onto the unwinding device 2, the strip of the first
input coil 101a is unwound at a speed (hereinafter, re-
ferred to as passing speed, for convenience) that is ap-
proximate to a threading speed, and the strip is gripped
by a winding/unwinding device 6 and is wound further by
a several-turn amount. When the preparation for winding
is completed, the strip of the first input coil 101a is un-
wound from the unwinding device 2 at a steady speed,
to be wound onto the winding/unwinding device 6 (S0201
— S0601 — S0202 — S0602). Here, the steady speed
means a maximum speed at which the capabilities of the
unwinding device 2 and the winding/unwinding device 6
can be exhibited to the utmost (hereinafter, the same
applies also to the steady speeds at the winding/unwind-
ing devices 3 and 4).

[0118] When the strip of the first input coil 101a is un-
wound from the unwinding device 2 and the strip tail end
of the first input coil 101a reaches and is stopped at the
joining position of the joining device 5, the unwinding de-
vice 2 and the winding/unwinding device 6 are stopped,
a second input coil 101b is fed into and mounted onto
the unwinding device 2, the strip of the second input coll
101b is unwound from the unwinding device 2 at the
threading speed, and the strip leading end is fed out to
the joining position of the joining device 5 (S0203 —
S0603 — S0204).

[0119] In the condition where the unwinding device 2
and the winding/unwinding device 6 are stopped, the strip
tail end of the first input coil 101a and the strip leading
end of the second input coil 101b are joined together by
the joining device 5 (S0501).

[0120] Upon joining between the first input coil 101a
and the second input coil 101b, the remaining strip of the
firstinput coil 101a is wound onto the winding/unwinding
device 6; subsequently, the strip of the second input coil
101b joined is unwound from the unwinding device 2 at
the steady speed, and is wound onto the winding/unwind-
ing device 6 (S0205 — S0604).

[0121] When the strip of the second input coil 101b is
unwound from the unwinding device 2 and the strip tail
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end of the second input coil 101b reaches and is stopped
at the joining position of the joining device 5, the unwind-
ing device 2 and the winding/unwinding device 6 are
stopped, a third input coil 101c¢ is fed into and mounted
onto the unwinding device 2, the strip of the third input
coil 101c is unwound from the unwinding device 2 at the
threading speed, and the strip leading end is fed out to
the joining position of the joining device 5 (S0206 —
S0605 — S0207).

[0122] In the condition where the unwinding device 2
and the winding/unwinding device 6 are stopped, the strip
tail end of the second input coil 101b and the strip leading
end of the third input coil 101c are joined together by the
joining device 5 (S0502).

[0123] Upon joining between the second input coil
101b and the third input coil 101cb, the remaining strip
of the second input coil 101b is wound onto the wind-
ing/unwinding device 6; subsequently, the strip of the
third input coil 101b joined is unwound from the unwinding
device 2 and wound onto the winding/unwinding device
4 (S0208 — S0606).

[0124] When the strip of the third input coil 101¢ is un-
wound completely, the unwinding device 2 is stopped,
and, when the strip of the third input coil 101c is wound
completely, the winding/unwinding device 4 is stopped
(S0209 — S0607).

[0125] As aresult, the buildup coil 102 is formed at the
winding/unwinding device 6 (S0608). Incidentally, the
outside diameter of the buildup coil 102 is not more than
¢3000.

(First to Third Passes of Reverse Rolling Step)

[0126] Afterthe finish of the coil building-up step, a first
pass of a reverse rolling step is started.

[0127] The strip of the buildup coil 102 is unwound from
the winding/unwinding device 6 at a threading speed, the
strip leading end is gripped by the winding/unwinding de-
vice 4, and the strip is wound further by a several-turn
amount. Thereafter, the cold rolling mill 1 is subjected to
a rolling reduction control (S1601 —» S1401 — S1101).
[0128] When the preparation for the first-pass rolling
is completed and the controller 20 gives a command as
to the rolling speed of the cold rolling mill 1, the cold rolling
mill 1 is subjected to a feedback control such as to obtain
a command rolling speed. In addition, the winding/un-
winding device 6 is subjected to a tension feedback con-
trol such that the tension on the strip between the wind-
ing/unwinding device 6 and the cold rolling mill 1 will be
a predetermined value. Furthermore, the winding/un-
winding device 4 is also subjected to a tension feedback
control such that the tension on the strip between the
winding/unwinding device 4 and the cold rolling mill 1 will
be a predetermined value.

[0129] The strip of the buildup coil 102 is rolled at a
steady rolling speed by the cold rolling mill 1, and, ac-
cording to the rolling speed at the cold rolling mill 1, the
strip is unwound from the winding/unwinding device 6
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and is wound onto the winding/unwinding device 4
(81602 — S1102 — S1402). When the strip of the buildup
coil 102 is unwound by a predetermined length, the cold
rolling mill 1 is stopped to finish the first pass, and the
winding/unwinding device 4 and the winding/unwinding
device 6 are stopped according to the stopping of the
cold rolling mill 1 (S1103 — S1603 — S1403 — S1104).
[0130] After the first pass is finished, the rolling direc-
tion is changed to the reverse direction, and the second
pass is started.

[0131] The strip of the buildup coil 102 is unwound from
the winding/unwinding device 4 at a threading speed, the
strip tail end (the strip leading end in the second-pass
direction) is gripped by the winding/unwinding device 3,
and the strip is wound further by a several-turn amount.
Thereafter, the cold rolling mill 1 is subjected to a rolling
reduction control (S2401 — S2301 — S2101).

[0132] Upon completion of the preparation for second-
pass rolling, the strip of the buildup coil 102 is rolled at a
steady rolling speed by the cold rolling mill 1, and, ac-
cording to the rolling speed of the cold rolling mill 1, the
strip is unwound from the winding/unwinding device 4
and wound onto the winding/unwinding device 3 (S2402
— 82102 — S2302). When the strip of the buildup coil
102 is unwound by a predetermined length, the cold roll-
ing mill 1 is stopped to finish the second pass, and the
winding/unwinding device 3 and the winding/unwinding
device 4 are stopped according to the stopping of the
cold rolling mill 1 (S2103 — S2403 — S2303 — S2104).
[0133] After the second pass is finished, the rolling di-
rection is changed to the reverse direction, and the third
pass is started.

[0134] In the condition where the strip of the buildup
coil 102 is gripped by the winding/unwinding device 4
and the winding/unwinding device 3, the cold rolling mill
1 is subjected to a rolling reduction control, the strip of
the buildup coil 102 is rolled at a steady rolling speed by
the cold rolling mill 1, and, according to the rolling speed
of the cold rolling mill 1, the strip is unwound from the
winding/unwinding device 3 and wound onto the wind-
ing/unwinding device 4 (S3101 — S3102 — S3301 —»
S3401). When the strip of the buildup coil 102 is unwound
by a predetermined length, the cold rolling mill 1 is
stopped to finish the third pass, and the winding/unwind-
ing device 3 and the winding/unwinding device 4 are
stopped according to the stopping of the cold rolling mill
1(S3103 —» S3302 — S3402 — S3104).

(Fourth Pass of Reversible Rolling Step and Cutting
Step)

[0135] After the third pass is finished, the rolling direc-
tion is changed to the reverse direction, and a fourth pass
is started. The operations relating to the coil building-up
step and the first to third passes of the reversible rolling
step as above-mentioned are operations which are com-
mon to the present embodiment and the second related
art (described later). Meanwhile, the operations relating
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to the fourth pass (final pass) of the reversible rolling step
and the cutting step are operations which are character-
istic of the present embodiment.

[0136] In the condition where the strip of the buildup
coil 102 is gripped by the winding/unwinding device 4
and the winding/unwinding device 3, the cold rolling mill
1 is subjected to a rolling reduction control, the strip of
the buildup coil 102 is rolled at a steady rolling speed by
the cold rolling mill 1, and, according to the rolling speed
of the cold rolling mill 1, the strip is unwound from the
winding/unwinding device 4 and wound onto the wind-
ing/unwinding device 3 (S4101 — S4102 — S4301 —
S4401).

[0137] Immediately before the strip corresponding to
the first output coil 103a is wound onto the winding/un-
winding device 3, the cold rolling mill 1 is decelerated to
a predetermined low speed, the strip of the buildup coil
102 is rolled at the low speed (for example, 2 mpm) by
the cold rolling mill 1, and, according to the rolling speed
of the cold rolling mill 1, the strip is unwound from the
winding/unwinding device 4 and wound onto the wind-
ing/unwinding device 3 (S4103 — S4302 — S4402).
[0138] In the condition where the strip is wound at a
low speed onto the winding/unwinding device 3, the strip
of the buildup coil 102 is cut at a strip cutting position by
the cutting device 7a, and the remaining strip of the first
output coil 103a thus cut off is wound at a high speed
onto the winding/unwinding device 3. Upon this winding
of the strip, the winding/unwinding device 3 is stopped,
and the first output coil 103a is extracted from the wind-
ing/unwinding device 3 and carried out (S4701 — S4303
— S4304). Incidentally, a collapsible type reel is applied
to the winding/unwinding device 3, as above-mentioned.
[0139] Even during the carrying-out of the first output
coil 103a, the remaining strip of the buildup coil 102 hav-
ing been cut is rolled at a low speed by the cold rolling
mill 1, and is unwound from the winding/unwinding device
4 according to the rolling speed of the cold rolling mill 1.
The leading end of the strip (corresponding to the second
input coil 103b) fed out is wound by the belt wrapper of
the winding/unwinding device 3 (S4305).

[0140] Upon completion of the preparation for winding
at the winding/unwinding device 3, the remaining strip of
the buildup coil 102 is rolled at a steady rolling speed by
the cold rolling mill 1, and, according to the rolling speed
of the cold rolling mill 1, the strip is unwound from the
winding/unwinding device 4 and wound onto the wind-
ing/unwinding device 3 (S4104 — S4403 — S4306).
[0141] Immediately before the strip corresponding to
the second output coil 103b is wound onto the wind-
ing/unwinding device 3, the cold rolling mill 1 is deceler-
atedto a predetermined low speed, the strip of the buildup
coil 102 is rolled at the low speed by the cold rolling mill
1, and, according to the rolling speed of the cold rolling
mill 1, the strip is unwound from the winding/unwinding
device 4 and wound onto the winding/unwinding device
3 (S4105 — S4404 — S4307).

[0142] In the condition where the strip is wound at a
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low speed onto the winding/unwinding device 3, the strip
of the buildup coil 102 is cut at the strip cutting position
by the cutting device 7a, and the remaining strip of the
second output coil 103b thus cut off is wound at a high
speed onto the winding/unwinding device 3. Upon this
winding of the strip, the winding/unwinding device 3 is
stopped, and the second output coil 103b is extracted
from the winding/unwinding device 3 and carried out
(S4702 — S4308 — S4309).

[0143] Even during when the second output coil 103b
is being carried out, the remaining strip of the buildup coil
102 having been cut is rolled at a low speed by the cold
rolling mill 1, and the strip is unwound from the wind-
ing/unwinding device 4 according to the rolling speed of
the cold rolling mill 1. The leading end of the strip (cor-
responding to the third input coil 103c) thus fed out is
wound by the belt wrapper of the winding/unwinding de-
vice 3 (S4310).

[0144] Upon completion of the preparation for winding
at the winding/unwinding device 3, the remaining strip of
the buildup coil 102 is rolled at the steady rolling speed
by the cold rolling mill 1, and, according to the rolling
speed of the cold rolling mill 1, the strip is unwound from
the winding/unwinding device 4 and wound onto the
winding/unwinding device 3 (S4106 — S4405 — S4311).
[0145] Immediately before the strip corresponding to
the third output coil 103c is wound onto the winding/un-
winding device 3, the cold rolling mill 1 is decelerated to
a predetermined low speed, the strip of the buildup coil
102 is rolled at the low speed by the cold rolling mill 1,
and, according to the rolling speed of the cold rolling mill
1, the strip is unwound from the winding/unwinding de-
vice 4 and wound onto the winding/unwinding device 3
(54107 — S4406 — S4312).

[0146] In the condition where the strip is wound at a
low speed onto the winding/unwinding device 3, the strip
of the buildup coil 102 is cut at a strip cutting position by
the cutting device 7a, and the remaining strip of the third
output coil 103c thus cut off is wound at a high speed
onto the winding/unwinding device 3. Upon this winding
of the strip, the winding/unwinding device 3 is stopped,
and the third output coil 103c is extracted from the wind-
ing/unwinding device 3 and carried out (S4703 — S4313
— S4314).

[0147] When the third output coil 103c is cut off, the
cold rolling mill 1 stops rolling to finish the fourth pass,
the remaining strip of the buildup coil 102 thus cut is
wound onto the winding/unwinding device 4, and the off-
gage coil 103d thus wound is extracted from the wind-
ing/unwinding device 4 and carried out (S4108 — S4109
— S4407). Incidentally, a collapsible type reel is applied
to the winding/unwinding device 4, as above-mentioned.
[0148] As aresult of this, the output coils 103a to 103¢c
are carried out from the winding/unwinding device 3,
whereas the off-gage coil 103d is carried out from the
winding/unwinding device 4. Incidentally, in the case
where the final pass is an odd-numbered pass, the strip
of the buildup coil 102 is cut by the cutting device 7b, the
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output coils 103a to 103c are extracted from the wind-
ing/unwinding device 4 and carried out, whereas the off-
gage coil 103d is carried out from the winding/unwinding
device 3.

[0149] Incidentally, while the steady rolling speed in
each of the first to fourth passes has been described
without distinction, for convenience of description, the
steady rolling speed in practice increases gradually since
the strip thickness becomes smaller as the rolling is re-
peated, as shown in the timetables in Figs. 5to 7.
[0150] In addition, while a system in which the winding
of the strip leading end onto the winding/unwinding de-
vice 3 in the fourth pass (final pass) and the cutting step
is conducted by use of the belt wrapper has been adopted
in the present embodiment, a system in which the strip
leading end is gripped is adopted in the case where the
winding/unwinding device 3 is not provided with the belt
wrapper (not shown).

<Main Effects>

[0151] The effect of the present embodiment will be
described through comparison with the second related
art.

[0152] Fig. 8 is a schematic illustration of cold-rolled
material equipment according to the first related art. The
same components as those in Fig. 1 are denoted by the
same reference numerals as used in Fig. 1.

[0153] In Fig. 8, the cold-rolled material equipment
(RCM equipment) according to the first related art in-
cludes, as main components: a reversible cold rolling mill
1; a unwinding device 2 which unwinds a strip to the cold
rolling mill 1 in a first pass; a winding/unwinding device
3 disposed on the entry side of the first pass of the cold
rolling mill 1; a winding/unwinding device 4 disposed on
the delivery side of the first pass of the cold rolling mill
1; and a controller 20 by which the cold rolling mill 1, the
unwinding device 2, and the winding/unwinding devices
3 and 4 are controlled.

[0154] Description will be made of operations in the
case where three input coils 101 are each subjected to
four passes of rolling by the cold-rolled material equip-
ment according to the first related art.

[0155] First-pass rolling is started by the cold rolling
mill 1 after the input coil 101a is fed into the unwinding
device 2, the strip leading end is threaded the cold rolling
mill 1 and gripped by the winding/unwinding device 4,
the strip is wound further by a several-turn amount, and
the preparation for rolling such as tension application and
rolling reduction setting is completed. The first-pass roll-
ing is finished when the strip tail end comes to a position
immediately anterior to the cold rolling mill 1.

[0156] Thereafter, second-passrollingis started by the
cold rolling mill 1 after the strip leading end is threaded
the cold rolling mill 1 in the reverse direction to that in the
first pass, the strip leading end is gripped by the wind-
ing/unwinding device 3, the strip is wound further by a
several-turn amount, and the preparation for rolling such
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as tension application and rolling reduction setting is
completed. The second-passrolling is finished in the con-
dition where a strip end portion in a several-turn amount
is gripped by the winding/unwinding device 4.

[0157] Atfter the preparation for third-pass rolling such
as tension application and rolling reduction setting is
completed, the third-pass rolling is started by the cold
rolling mill 1. The third-pass rolling is finished in the con-
dition where a strip end portion in a several-turn amount
is gripped by the winding/unwinding device 3.

[0158] Afterthe preparation for fourth-pass rolling such
as tension application and rolling reduction setting is
completed, the fourth-pass rolling is started by the cold
rolling mill 1. The output coil 103a after the fourth-pass
rolling is wound onto the winding/unwinding device 3, is
extracted therefrom, and is carried out. Incidentally, a
collapsible type reel is applied to the winding/unwinding
device 3, as above-mentioned.

[0159] Similarly, the input coil 101b is fed into the un-
winding device 2, the output coil 103b is carried out from
the winding/unwinding device 3, the input coil 101c is fed
into the unwinding device 2, and the output coil 103c is
carried out from the winding/unwinding device 3.
[0160] In this instance, the strip leading end and tail
end portions of the output coils 103a to 103c are made
to be unrolled portions; therefore, there has been the
problem of a high off-gage rate of about 2.5%. In addition,
since passing of strip through the rolling mill is performed
a total of six times and the reversible rolling is conducted
a total of 12 times to the three coils, there has been the
problem that the actual rolling time in the operation time
is short and production efficiency is poor. The second
related art solves the problemsinvolvedin the firstrelated
art.

[0161] Fig.9is aschematic view of cold-rolled material
equipment according to the second related art. The same
components as those in Fig. 1 are denoted by the same
reference numerals as used in Fig. 1.

[0162] InFig. 9, the cold-rolled material equipment ac-
cording to the second related art includes, as main com-
ponents: a reversible cold rolling mill 1; a unwinding de-
vice 2 which unwinds strips of input coils 101; a wind-
ing/unwinding device 3A (first winding/unwinding device)
disposed on the entry side of afirst pass of the cold rolling
mill 1; a winding/unwinding device 4A (second wind-
ing/unwinding device) disposed on the delivery side of
the first pass of the cold rolling mill 1; a joining device 5
for forming a buildup coil 102 from a plurality of input coils
101; a coil-building-up winding/unwinding device 6A for
forming the buildup coil; a cutting device 7 for cutting up
the buildup coil 102 to form output coils 103; a winding
device 112 disposed on the entry side of the first pass of
the cold rolling mill 1 to winding the output coils 103; a
winding device 113 disposed on the delivery side of the
first pass of the cold rolling mill 1; and a controller 20 by
which the cold rolling mill 1, the unwinding device 2, the
winding/unwinding devices 3A and 4A, the joining device
5, the cutting device 7, the coil-building-up winding/un-
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winding device 6A, and the winding devices 112 and 113
are controlled.

[0163] Incidentally, a solid type reel is applied to each
of the winding/unwinding devices 3A, 4A and 6A, while
a collapsible type reel is applied to the unwinding device
2 and each of the winding devices 112 and 113.

[0164] Description will be made of operations in the
case where the three input coils 101 are each subjected
to four passes of rolling by the cold-rolled material equip-
ment according to the second related art. An input coil
101ais fed into and unwound from the unwinding device
2, and the strip leading end is gripped by, and the strip
is wound onto, the coil-building-up winding/unwinding
device 6A. When the strip tail end of the input coil 101a
reaches and is stopped at a joining position of the joining
device 5, an input coil 101b is fed into the unwinding
device 2, the strip thereof is unwound until the strip lead-
ing end is fed to the joining position of the joining device
5, and the strip is stopped. Then, the strip tail end of the
firstinput coil 101a and the strip leading end of the second
input coil 101b are joined together by the joining device
5. The strip obtained through the joining is wound onto
the coil-building-up winding/unwinding device 6A.
[0165] Similarly, the strip tail end of the second input
coil 101b and the strip leading end of a third input coil
101c are joined together by the joining device 5. The strip
obtained through the joining is wound onto the coil-build-
ing-up winding/unwinding device 6A. Consequently, the
buildup coil 102 is formed at the coil-building-up wind-
ing/unwinding device 6A.

[0166] The strip of the buildup coil 102 is unwound from
the coil-building-up winding/unwinding device 6A, is
threaded the rolling mill, is gripped by the winding/un-
winding device 4A, and, after a rolling reduction control,
the first pass of rolling is conducted by the cold rolling
mill 1. Thereafter, the strip is subjected to the second and
third passes of rolling between the winding/unwinding
device 3A and the winding/unwinding device 4A.
[0167] The operations relating to the coil building-up
step and the first to third passes of the reversible rolling
step according to the second related art as above-men-
tioned are substantially equivalent to the operations re-
lating to the coil building-up step and the first to third
passes of the reversible rolling step in the present em-
bodiment.

[0168] Operations relating to the fourth pass of the re-
versible rolling step in the second related art will be de-
scribed. After the third pass is finished, the gripping by
the winding/unwinding device 3 is released, and the strip
end is unwound from the winding/unwinding device 3.
The strip end thus unwound is gripped by the winding
device 112, and, after a rolling reduction control, fourth-
pass rolling is conducted. When a predetermined length
of strip corresponding to the output coil 103a is wound
onto the winding device 112, the strip of the buildup coil
102 is cut at a strip cutting position by the cutting device
7a, and the output coil 103a thus cut off is extracted from
the winding device 112 and carried out.
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[0169] Similarly, the remaining strip is also cut by the
cutting device 7a, and the output coils 103b and 103c
thus cut off are sequentially extracted from the winding
device 112 and carried out. Incidentally, a collapsible
type reel is applied to the winding/unwinding device 112,
as above-mentioned.

[0170] Incidentally, the cutting device 7b is disposed
between the cold rolling mill 1 and the winding device
113, and cuts the strip of the buildup coil 102 in a pass
in which winding is completed at the winding device 113.
[0171] Inthisinstance, unrolled portions are generated
only at the strip leading end of the output coil 103a and
the strip tail end of the output coil 103c, so that the off-
gage rate can be drastically lowered. In addition, since
threading the rolling mill is conducted twice and the re-
versible rolling is conducted four times, the actual rolling
time in the operation time is made longer, and production
efficiency is enhanced, as compared with the first related
art.

[0172] While the case where three input coils are rolled
has been described above for convenience, the cold-
rolled material equipment according to the second relat-
ed art assumes a comparatively large scale production
facility with an annual production of not less than 800,000
tons. As compared with the cold-rolled material equip-
ment according to the first related art, the cold-rolled ma-
terial equipment according to the second related art in-
cludes the joining device 5, the cutting device 7, the wind-
ing/unwinding device 6A (for coil building-up) and the
winding devices 112 and 113 as additional components,
so that initial cost is increased. Besides, since a multi-
plicity of input coils are built up into a single coil and the
resulting buildup coil has an elongated and enlarged
form, the torque required of the reelincreases in the man-
ner of linear proportionality to the coil outside diameter,
and a reel driving device is made larger. With the wind-
ing/unwinding devices 3A, 4A and 6A enlarged, the initial
cost is increased.

[0173] Inaddition, with the buildup coil 102 made long-
erand larger, it becomes difficult to apply collapsible type
reels to the winding/unwinding devices 3A, 4A and 6A,
so that solid block type reels have to be applied. There-
fore, the winding devices 112 and 113 with collapsible
reels applied thereto have to be provided separately, in
addition to the winding/unwinding devices 3A, 4A and 6A.
[0174] The cold-rolled material equipment according
to the second related art assumes a comparatively large
scale plant with a capacity of not less than 800,000 tons
of product per year, so that some rise in initial cost does
not matter, since priority is given to a lowering in off-gage
rate and enhancement of production efficiency. If the
cold-rolled material equipment according to the second
related art is applied to a small- to medium-scale produc-
tion facility with an annual prodution of about 300,000 to
600,000 tons, however, the problem of initial cost would
become conspicuous, and there would be a problem from
the viewpoint of cost-effectiveness.
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(First Effect)

[0175] An effect of the present embodiment will be de-
scribed through comparison with the first related art. In
the cold-rolled material equipment according to the
presentembodiment, threading the rolling mill is conduct-
ed twice and reversible rolling is conducted four times,
like in the second related art. Specifically, the buildup coil
102 is formed in the coil building-up step and reversible
rolling of the buildup coil 102 is conducted in the revers-
ible rolling step, whereby the number of times the strip
is threaded the rolling mill and the number of times ac-
celeration and deceleration are conducted can be made
to be the inverse (in the present embodiment, 1/3) of the
number of coils to be joined. In addition, since the length
of material to be rolled is enlarged, the time for which
rolling is conducted at a steady rolling speed can be pro-
longed. Consequently, production efficiency is en-
hanced, as compared with the first related art. Besides,
since unrolled portions are generated only at the strip
leading end of the output coil 103a and the strip tail end
of the output coil 103c, off-gage rate can be greatly re-
duced. Further, there is little strip portion that is rolled at
a non-steady rolling speed, so that strip thickness accu-
racy is enhanced. In short, a high efficiency and a high
yield comparable to those in the second related art can
be maintained.

[0176] Another effect of the present embodiment will
be described through comparison with the second related
art.

[0177] In the present embodiment, the outside diame-
ter of the buildup coil 102 is not more than ¢3000. In
addition, the tension on the strip when the outside diam-
eter of the buildup coil 102 is larger is set to be gradually
lowered, as compared with the tension on the strip when
the outside diameter is smaller. Fig. 10 is a diagram
showing tension control during winding of the buildup coil
102. When the outside diameter of the buildup coil 102
is less than ¢1500, a steady predetermined tension is
applied to the strip. When the outside diameter of the
buildup coil 102 is not less than ¢ 1500, on the other hand,
the tension on the strip is set to be gradually lowered as
the outside diameter increases.

[0178] This ensures that the coil tightening force ex-
erted on the buildup coil 102 can be restricted, and the
winding/unwinding devices 3, 4 and 6 can be restrained
from being enlarged due to an enlargement of the outside
diameter of the buildup coil 102.

[0179] Asaresult, collapsible type reels can be applied
to the winding/unwinding devices 3 and 4 in the present
embodiment, unlike in the second related art in which it
is necessary to apply solid block type reels to the wind-
ing/unwinding devices 3A and 4A.

[0180] Inthe present embodiment, the cutting devices
7a and 7b each have an swing mechanism (not shown).
[0181] A cutting device in cold tandem rolling equip-
mentwith an annual production of notless than 1,000,000
tons is generally of a flying shear type which cuts a coil
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while rolling of the strip of the coil is continued, and, after
the cutting, the strips of coils are wound by a winding
device called carousel reel or are wound alternately by
two such winding devices. For restraining worsening of
off-gage rate as well as a reduction in annual production,
the rolling speed at the time of coil cutting is lowered only
to a level of about 100 to 300 mpm. Therefore, the con-
ventional cutting device of the flying shear type which
cuts a coil while rolling of the strips of coils is continued
cannot be said to be inexpensive. In addition, if the con-
ventional cutting device is adopted in a small- to medium-
scale plant with an annual production of about 300,000
to 600,000 tons, there would arise a problem of an in-
creased initial cost.

[0182] In the present embodiment, as has been de-
scribed in connection with the operation during the fourth
pass (final pass), the rolling speed at the time of cutting
the buildup coil 102 is set at a low speed (for example,
2 mpm). Therefore, a cutting device with an swing mech-
anism that is comparatively inexpensive can be applied,
instead of the conventional expensive cutting device of
the flying shear type. Thus, initial cost can be curtailed.
[0183] The cutting device 7a with the swing mecha-
nism can cuts a strip without stopping the rolling of the
strip, as has been described in connection with the op-
eration during the fourth pass.

[0184] Inthe presentinvention, as has been described
in connection with the operation in the fourth pass (final
pass), the rolling speed at the time of cutting the buildup
coil 102 by the cutting device 7a is set at a low speed
(for example, 2 mpm). While being rolled at a low speed
by the cold rolling mill 1, the output coil 103 is cut by the
cutting device 7a, iswound at a high speed onto the wind-
ing/unwinding device 3, and thereafter the output coil 103
is extracted from the winding/unwinding device 3 and car-
ried out. This series of operations is conducted in a time
of, forexample, not more than 150 seconds. On the other
hand, when the distance from the cutting position of the
cutting device 7a to the winding/unwinding device 3 is
assumed to be 5 m and if the strip leading end of the
buildup coil 102 after the cutting is fed out from the cutting
position of the cutting device 7a to the winding/unwinding
device 3 in conformity with the rolling speed (2 mpm) of
the cold rolling mill 1, it takes 150 seconds for the strip
leading end to reach the winding/unwinding device 3. In
other words, during the preparation for winding of the
second input coil 103b, the first output coil 103ais carried
out.

[0185] Thus, in addition to the application of a collaps-
ible type reel to the winding/unwinding device 3, the op-
erations of extracting the output coil 103 after the cutting
of the buildup coil 102, carrying out the output coil 103
and thereafter winding the next output coil 103 in a con-
tinuous manner are conducted using the single wind-
ing/unwinding device 3. This ensures that a large-type
winding/unwinding device 3A with a solid block type reel
applied thereto can be replaced by a small-type wind-
ing/unwinding device 3 with a collapsible type reel ap-
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plied thereto; as a result, the winding device 112 is un-
necessitated. Besides, where the final pass is an odd-
numbered pass, the winding/unwinding device 4A can
be replaced by the winding/unwinding device 4, and, con-
sequently, the winding device 113 is unneccesitated.
[0186] Thus, the winding/unwinding devices 3, 4 and
6 can be restrained from being enlarged, the winding
devices 112 and 113 that are indispensable in the second
related art are unnecessitated, whereby equipment con-
figuration can be simplified, resulting in that initial cost
can be curtailed.

[0187] Furthermore, inthe presentembodiment, ajoin-
ing device of the mash seam welding system which is
comparatively inexpensive is used as the joining device
5. This makes it possible to cut down the initial cost.
[0188] As above-mentioned, itis possible to curtail the
initial cost and thereby enhance investment cost-effec-
tiveness while maintaining a high efficiency and a high
yield, in a small- to medium-scale plant with an annual
production of about 300,000 to 600,000 tons.

(Second Effect)

[0189] In addition, in the second related art, rolling is
stopped at the time of cutting the strip in the final pass
of the reversible rolling step. Therefore, at the surfaces
of the strip clamped between the work rolls, stop marks
are generated due to a change in the coefficient of friction
between the work roll and the strip. Besides, the stop
marks would be transferred also to the work rolls. Con-
sequently, the stop marks may be transferred onto the
strip surfaces at regular intervals corresponding to the
rotational pitch of the work rolls during the subsequent
rolling. When the stop marks are generated in the first
pass, continuation of rolling a plurality of times may
render the stop marks so inconspicuous that they are
visually imperceptible. If the stop marks are generated
inthe final pass, however, they spoil the quality of surface
gloss, thereby rendering the products defective in the
case of materials with rigorous quality requirements.
[0190] Inthe present embodiment, rolling is continued
(low-speed rolling) at the time of cutting a strip, whereby
stop marks of the work rolls can be prevented from being
formed on the strip.

(Third Effect)

[0191] The cold-rolled material equipment according
to the present embodiment can be realized by improving
the cold-rolled material equipment according to the first
related art. The cold-rolled material equipment according
to the first related art has the components (reversible
rolling line) necessary for the reversible rolling step. The
cold-rolled material equipment according to the present
embodiment has a configuration in which the compo-
nents (building-up line) necessary for the coil building-
up step and the like are added to the components of the
reversible rolling line.
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[0192] Specifically, the cold-rolled material equipment
according to the first related art includes the cold rolling
mill 1, the winding device 2, the winding/unwinding de-
vices 3 and 4, and the controller 20 for controlling them,
as main components. In the present embodiment, as
above-mentioned, the winding/unwinding devices 3 and
4 can be prevented from being enlarged, so thatthe wind-
ing/unwinding devices 3 and 4 in the first related art can
be utilized in the present embodiment. Furthermore, it
suffices to newly add the joining device 5, the winding/un-
winding device (for coil building-up) 6 and the cutting de-
vices 7a and 7b according to the present embodiment.

[0193] Thus, the cold-rolled material equipment ac-
cording to the present invention can be realized while
effectively utilizing the existing equipment (first related
art), and, therefore, initial cost thereof can be curtailed.

(Other Effects)

[0194] Now, description will be made of a system by
which a strip is wound around a mandrel (drum) of a
winding/unwinding device. In general, the winding sys-
tem is classified by the thickness of the strip to be wound,
as follows. When the strip thickness is not less than 4
mm, a gripper system s applied, and when the strip thick-
ness is less than 4 mm, a belt wrapper system is applied.
Both systems may be used in combination in the case
where the strip thickness varies in a wide range (below
and above 4 mm) . It is to be noted here, however, that
in a small-scale production facility with an annual pro-
duction of not more than 300,000 tons, the gripper system
may be applied even where the strip thickness is less
than 4 mm, from the viewpoint of initial cost-effective-
ness.

[0195] In the coil building-up step, preferably, a gripper
reel which is inexpensive is applied to the winding/un-
winding device (for coil building-up) 6. When the gripper
reel is applied to the winding/unwinding device 6, a bent
portion is generated at the strip tail end (in the first pass
direction) of the buildup coil 102. When the bent portion
is present, a problem would be generated in the step
(S2301) of gripping the strip end by the winding/unwind-
ing device 3 in the second pass of the reversible rolling
step. Specifically, the winding/unwinding device 3 cannot
grip (or belt-wrap) the strip end.

[0196] In order to solve this problem, when the strip
tail end of the buildup strip 102 reaches a position imme-
diately anterior to the cold rolling mill 1 and the cold rolling
mill 1 stops rolling (S1103) in the first pass of the revers-
ible rolling step, the bent portion generated at the strip
tail end of the buildup coil 102 is cut by the cutting device
7a. This ensures that the just-mentioned problem can be
solved.

<Configurations Concerning Strip Thickness Control and
Shape Control, and Effects Thereof>

[0197] In the present embodiment, low-speed rolling
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is conducted at the time of cutting. This, however, would
produce a new problem of a lowering in strip thickness
control accuracy or a lowering in shape control accuracy.
Specifically, while feedback control is applied to the strip
thickness control and shape control during rolling at a
steady rolling speed, such a control leads to a conspic-
uous time lag and, hence, to a lowered accuracy when
applied to rolling at a low speed.

[0198] The cold rolling mill 1 is, for example, a six-high
UC mill including top and bottom work rolls 11, 11 which
make direct contact with the work (material to be rolled)
and roll the work, top and bottom intermediate rolls 12,
12 which support the work rolls in the vertical direction,
and top and bottom back-up rolls 13, 13 which support
the intermediate rolls 12, 12 in the vertical direction. A
hydraulic rolling reduction device 14 is provided beneath
the bottom back-up roll 13. Based on a command from
the controller 20, the hydraulic rolling reduction device
14 moves a bearing for the bottom back-up roll 13 up or
down, whereby the strip is rolled in such a manner as to
obtain a predetermined rolling reduction. A load meter
15 is provided on the upper side of the top back-up roll
13, and information detected by the load meter 15 is out-
putted to the controller 20.

[0199] A strip thickness meter 16a, a strip velocity me-
ter 17a, a shape meter 18a are provided on the entry
side of the first pass of the cold rolling mill 1. A strip thick-
ness meter 16b, a strip velocity meter 17b and a shape
meter 18b are provided on the delivery side of the first
pass of the cold rolling mill 1. Pieces of information de-
tected respectively by these meters are outputted to the
controller 20. The strip thickness meters 16 may be laser
Doppler type velocimeters; or, alternatively, the strip ve-
locity may be detected from the rotational speed of a
deflector roller or the shape detector.

[0200] Strip thickness control during steady rolling will
be described. During the steady rolling, BISRA-AGC con-
trol and monitor AGC control are jointly used, when re-
quired.

[0201] The BISRA-AGC control is a control process in
which a variation in the strip thickness on the entry side
of the cold rolling mill 1 is detected as a variation in rolling
load by the load meter 15, and the rolling reduction of
therolls is controlled correspondingly to the load variation
detected.

[0202] The monitor AGC control is a control process
in which a variation in the strip thickness on the delivery
side of the cold rolling mill 1 is detected by the strip thick-
ness meter 16b on the delivery side, and the rolling re-
duction is controlled by proportional-plus-integral control
while feeding back the thickness variation detected.
[0203] The strip thickness meter 16b is provided at a
distance of several meters from the cold rolling mill 1, so
that a time lag is generated in the values detected by the
strip thickness meter 16b. During steady rolling (for ex-
ample, at 1000 mpm), however, the time lag produces
little influence. When this control is applied during low-
speed rolling (for example, at 2 mpm), on the other hand,
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the influence of the time lag makes itimpossible to obtain
appropriate information, so that strip thickness control
accuracy is lowered.

[0204] Strip thickness control during low-speed rolling
will be described. In the present embodiment, MF-AGC
control is applied to low-speed rolling.

[0205] The MF-AGC controlis a control as follows. The
values detected by the strip thickness meter 16a on the
entry side are put to tracking up to a position directly
under the rolling stand deemed as the object of control.
By use of the strip velocity meters 17a, 17b on the entry
side and the delivery side, the respective strip velocities
on both sides are detected. The controller 20 estimates
the delivery-side strip thickness by multiplying the entry-
side strip thickness by an entry-side-to-delivery-side strip
velocity ratio, and controls the rolling reduction so that
the deviation between the estimated value and a target
value of strip thickness is reduced to zero.

[0206] Since the value detected by the strip thickness
meter 16b is not used, a strip thickness control accuracy
comparable to that during steady rolling can be main-
tained even during the time of low-speed rolling.

[0207] Shape control during steady rolling will be de-
scribed. During the steady rolling, a feedback control is
applied in which the shape of the strip is measured by
the shape meter 18b on the delivery side, and correction
is conducted based on deviations between command val-
ues of shape and actual values of shape.

[0208] The shape meter 18b is provided at a distance
of several meters to ten and several meters from the cold
rolling mill 1, so that a time lag is generated in the values
detected at the shape meter 18b. The time lag produces
little influence during steady rolling (for example, at 1000
mpm). When this control is applied during low-speed roll-
ing (for example, at 2 mpm), however, the influence of
the time lag makes it impossible to obtain appropriate
information, and lowers the accuracy of shape control.
[0209] Description will be made of a shape control dur-
ing low-speed rolling. In the present embodiment, a roll
bender control or a coolant control or a combination of
both controls is used.

[0210] The roll bender control is a control as follows.
Fluctuations in the rolling load in the cold rolling mill 1
are detected by the load meter 15. The controller 20 com-
putes a roll deflection attendant on the fluctuations, and,
based on the result of computation, exerts a force on an
end portion of the work roll 11 or the intermediate roll 12
so as to forcibly bend the roll, thereby controlling the roll
deflection.

[0211] The coolant control is a control as follows. Sev-
eral blocks obtained by dividing the roll surface of the
work roll 11 or the intermediate roll 12 to predetermined
lengths are preliminarily set. Fluctuations in the rolling
load in the cold rolling mill 1 are detected by the load
meter 15. The controller 20 computes a roll deflection
attendant on the fluctuations, and, based on the result of
computation, varies the quantity of coolant jetted on a
block basis, thereby controlling the amount of expansion
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of the roll due to the working heating attendant on the
rolling.

[0212] In neither of the controls, the information ob-
tained at the shape meter 18b is used. Therefore, a strip
thickness control accuracy comparable to the shape con-
trol accuracy during steady rolling can be maintained
even during low-speed rolling.

[0213] Inthe presentembodiment, in forming the build-
up coil 102, the first input coil 101a and the second input
coil 101b which are uniform in thickness are joined to-
gether, and the second input coil 101b and the third input
coil 101¢c which are uniform in thickness are joined to-
gether. Therefore, itis assumed that there is no variation
in thickness of the buildup coil 102. In practice, however,
some differences in strip thickness may exist among the
input coils 101a to 101c due to production errors or the
like, so that the buildup coil 102 is not uniform in thick-
ness. Accordingly, it may be impossible to maintain a
sufficient strip thickness control accuracy, by only per-
forming a strip thickness control in which the BISRA-AGC
control and the monitor AGC control are used in combi-
nation when required.

[0214] Inthe presentembodiment, feedforward control
is jointly used, whereby the above-mentioned problem
can be solved. A strip thickness meter 16c¢ is provided
on the downstream side of the joining device 5 for joining
the strips of coils by welding in the coil building-up step,
and information detected by the strip thickness meter 16¢
is output to the controller 20.

[0215] The feedforward control is a control as follows.
Variations in strip thickness during coil building-up are
detected by the strip thickness meter 16c. The controller
20 computes a rolling reduction control amount on the
basis of the thus detected values, and computes an ex-
pected arrival time on the basis of the distance between
the winding/unwinding device 6 and the cold rolling mill
1 and the rolling speed. When the expected arrival time
has passed, the hydraulic rolling reduction device 14 of
the cold rolling mill 1 adjusts the rolling reduction control
amount.

[0216] With the feedforward control thus used jointly,
it is possible, even where the buildup coil 102 is not uni-
form in thickness, to maintain a strip thickness control
accuracy by predicting and adjusting the rolling reduction
control amount prior to the reversible rolling step.

<Configuration Relating to Coil Centering and Effect
Thereof>

[0217] There are cases where the coil 101 fed into the
unwinding device 2 has coil end faces being out of align-
ment. In other words, there are cases where the coil end
faces are in a telescope-like form (telescopic state). In
addition, while the winding/unwinding device 6 (for coil
building-up) winds and unwinds the buildup coil 102, the
coil end faces may get into the telescopic state due to
fluctuations in rolling speed or tension, in the process in
which winding and unwinding are repeated. When the
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strip of a coil in the telescopic state is unwound, there
arises a deviation between the center of the cold rolling
mill 1 and the center of the strip, making it impossible to
obtain a desired strip shape. In addition, the strip would
meander during rolling, with the result of uneven rolling;
thus, there is a risk of strip breakage. Especially, since
the buildup coil 102 has an enhanced ratio of coil outside
diameter to strip width, the problem relating to the tele-
scopic state becomes conspicuous.

[0218] Description will be made of the configuration of
a coil centering mechanism 22. The unwinding device 2
has the coil centering mechanism 22. Fig. 11 is a sche-
matic perspective view of the coil centering mechanism
22 applied to the unwinding device 2.

[0219] The coil centering mechanism 22 includes a de-
tector 24 (for example, photo-sensor) for detecting a
width-directional deviation of a strip, an actuator unit 25
(forexample, hydraulic cylinder) for actuating the unwind-
ing device 2in the width direction, and wheels 26 enabling
the unwinding device 2 to move in the width direction,
and is controlled by the controller 20. The controller 20
is supplied with a detected value from the detector 24,
executes predetermined computations, and outputs the
computation result to the actuator unit 25.

[0220] Description will be made of the operation and
effect of the coil centering mechanism 22.

[0221] Itis assumed that the coil 101 to be fed into the
unwinding device 2 is in a telescopic state. At the time
when the unwinding device 2 unwinds a strip of the input
coil 101, a strip-width-directional deviation of the strip
detected by the detector 24 is input to the controller 20
as a detected value (or image). Based on the detected
value, the controller 20 computes such a strip-width-di-
rectional moving amount for the unwinding device that
the width-directional deviation will be reduced to zero,
and the computation result is output to the actuator unit
25. Based on a command from the controller 20, the ac-
tuator unit 25 actuates the unwinding device 2 in the width
direction, whereby the width-directional deviation of the
strip can be reduced to zero.

[0222] By applying the coil centering mechanism 22
and thereby reducing the width-directional deviation of
the strip at the time of unwinding to zero, it is ensured
that the coil end faces are prevented from getting out of
alignment. Consequently, it is possible to solve the prob-
lem occurring in the case where the coil 101 to be fed
into the unwinding device 2 is in the telescopic state.
[0223] The winding/unwinding device 6 also has a coil
centering mechanism 23 configured in the same manner
as the coil centering mechanism 22. The coil centering
mechanism 23 is controlled by the controller 20.

[0224] The controller 20 executes a control such that
the coil centering mechanism 23 is operated at the time
of winding the buildup coil 102 by the winding/unwinding
device 6 (S0601 to S0608) and that the coil centering
mechanism 23 is operated at the time of unwinding the
buildup coil 102 by the winding/unwinding device 6
(S1601 to S1603).
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[0225] This ensures that the buildup coil 102 can be
prevented from being formed in a telescopic state in the
coil building-up step and that, even if the buildup coil 102
is formed in the telescopic state, the strip can be prevent-
ed from meandering during rolling.

[0226] With the coil centering mechanism 23 thus ap-
plied, the coil end faces are prevented from getting out
of alignment, and the problem relating to the telescopic
state of the buildup coil 102 can be solved.

<Configuration Relating to Joining and Effect Thereof>

[0227] In forming the buildup coil 102, it is assumed
that the first input coil 101a and the second input coil
101b being uniform in thickness are joined together, and
the second input coil 101b and the third input coil 101¢c
being uniform in thickness are joined together, so that
the buildup coil 102 is free of variations in thickness. In
practice, however, a step is generated at the joint portion
in the case where a difference in strip thickness exists
among the input coils 101a to 101¢c due to the order in
which the coils to be manufactured are rolled, or the like.
The joint portion is located in an inner layer portion of the
buildup coil 102, and, when a tension acts on the coil in
this state, the step at the joint portion is transferred to the
inside and the outside of each coil layer, leading to a
product defect that is dealt as a crack.

[0228] For example, when it is assumed that the first
input coil 101a has a strip thickness of 3.2 mm, the second
input coil 101b has a strip thickness of 2.0 mm and the
third input coil 101c has a strip thickness of 2.6 mm, a
step of 1.2 mm is generated at the joint portion between
the first input coil 101a and the second input coil 101b.
[0229] In this instance, a process computer 21 (see
Fig. 1) as a host computer for the controller 20 prelimi-
narily manages the strip thicknesses of the input coils
101, and executes, for example, such a control that the
order of feeding-in of the second input coil 101b and the
third input coil 101c is changed. After the change in the
feeding-in order, the step at the joint portion between the
first input coil 101a and the second input coil 101b is 0.6
mm, and the step at the joint portion between the second
input coil 101b and the third input coil 101c is 0.6 mm.
[0230] Thus, the order of the coils fed into the unwind-
ing device 2 is conditioned beforehand so that the abso-
lute values of strip thickness differences will be not more
than 1 mm, whereby it is possible to lower the possibility
that a step at a joint portion located in an inner layer
portion of the buildup coil might cause transfer of a crack
to the adjacent coil layers. Furthermore, it is desirable
that the absolute values of strip thickness differences will
be not more than 0.5 mm.

[0231] In the present embodiment, a joining device of
the mash seam welding system is used as the joining
device 5, for curtailing the initial cost.

[0232] Fig. 12 is a conceptual illustration of the mash
seam welding system.

[0233] On the other hand, when the joining device of
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the mash seam welding system is used, a problem relat-
ing to the joint portion is newly generated. A mash seam
welding machine adopts a system wherein materials to
be joined are laid on each other and clamped between
electrode wheels, and an electric currentis passed there-
through to cause contact resistance and internal resist-
ance heating of the materials, whereby a molten-solidi-
fied portion called nugget N is formed and the materials
are joined. This results in that the strip thickness of the
joint portion after the finish of the joining has anincreased
value of 1.2 to 1.5 times the original. The joint portion
increased in thickness constitutes a step, which applies
an excessive force to the rolls when passing the rolling
mill 1. Furthermore, the step may be transferred onto the
work rolls as marks. In addition, the step at the joint por-
tion may be transferred to the inside and the outside of
each coil layer. There has been a problem of causing
such a product defect.

[0234] In operation of the joining device 5, a cross
swaging treatment of inclining swaging rollers and rolling
the joint portion increased in thickness is carried out after
the mash seam welding. This ensures that the step can
be smoothened, and the problem concerning the joint
portion can be solved. Now, the configuration and oper-
ation of the joining device 5 will be described.

[0235] Fig. 13 is a schematic view of the joining device
5. The joining device 5 includes a pair of upper and lower
electrode wheels 51, 52, a pair of upper and lower pres-
sure rollers 53, 54, entry-side and delivery-side clamp
devices 55, 56, a carriage frame 57, an electrode wheel
pressing device 58 and a pressure roller pressing device
59. The upper electrode wheel 51 and the upper pressure
roller 53 are supported on an upper horizontal frame of
the carriage frame 57 through the electrode wheel press-
ing device 58 and the pressure roller pressing device 59,
respectively, whereas the lower electrode wheel 52 and
the lower pressure roller 54 are supported on a lower
horizontal frame of the carriage frame 57 through mount
blocks, respectively. The pair of upper and lower pres-
sure rollers 53, 54 are disposed adjacently to the pair of
upper and lower electrode wheels 51, 52 in the carriage
frame 57.

[0236] At the time of joining, first, both end portions of
the strips are placed to overlap each other. In this con-
dition, the strips are gripped by clamp members of the
entry-side and delivery-side clamp devices 55, 56, to be
fixed in position. Next, the carriage frame 57 is moved in
a welding direction by a driving device, whereby the pair
of upper and lower electrode wheels 51, 52 and the pair
of upper and lower pressure rollers 53, 54 supported on
the carriage frame 57 are moved relative to the strips,
and joining and pressing are carried out in a continuous
manner. Inthis case, the overlapping portions of the strips
are clamped between the pair of upper and lower elec-
trode wheels 51, 52, the electrode wheels 51, 52 are
pressed against the overlapping portions of the strips by
the electrode wheel pressing device 58, and, while pos-
itively driving the electrode wheels 51, 52 to rotate by an
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electric motor, a welding current is passed to the elec-
trode wheels 51, 52 to cause resistance heating, whereby
welding (mash seam welding) is achieved. In addition,
immediately after the welding of the overlapping portions
by the electrode wheels 51, 52, the joint portion (welded
joint) J is clamped between the pair of upper and lower
pressure rollers 53, 54, the pressure rollers 53, 54 are
pressed against the joint portion by the pressure roller
pressing device 59, and, while positively driving the pres-
sure rollers 53, 54 to rotate by an electric motor, the joint
portion of the strip is pressed and rolled.

[0237] The pressure roller pressing device 59 is pro-
vided with an inclining mechanism 60 for controlling the
inclination angles of axes 61, 62 of the pressure rollers
53, 54. Incidentally, for avoiding complication of drawing,
the electric motor and a chain and a sprocket mechanism
for driving the pressure rollers to rotate are omitted in the
drawing.

[0238] Fig. 14isaschematicview of the inclining mech-
anism 60. By operating the inclining mechanism 60, the
inclination angle of the axis of the pressure roller 53 can
be set to an arbitrary angle in a horizontal plane. The
inclining mechanism 60 includes a rotating shaft 71 ro-
tatably inserted in the upper horizontal frame of the car-
riage frame 56, and an electric motor 74 for rotationally
driving the rotating shaft 71 through pinions 72, 73, and
the electric motor 74 is controlled by an inclination angle
controller 75. In addition, the inclining mechanism 60 has
an angle sensor 76 for detecting the inclination angle of
the pressure roller 53. Before the start of joining, the in-
clination angle controller 75 is supplied with angle infor-
mation according to the strip thickness of the strips from
a host controller 77, sets an angle, and controls driving
of the electric motor 74 by use of a signal from the angle
sensor 76, in such a manner that the inclination angle of
the pressure roller 53 will coincide with the set angle.
[0239] Details of an action wherein a plastic flow (metal
flow) in a direction perpendicular to a weld line is accel-
erated by inclination of the axes 61, 62 of the pair of upper
and lower pressure rollers 53, 54 will be described refer-
ring to Fig. 13.

[0240] Fig. 15is adiagram showing a metal flow within
an arc-of-contact length in the case of rolling a joint por-
tion J by inclining the axes 61, 62 of the pressure rollers
53, 54, and it shows the case of the upper pressure roller
53, as an example. In the figure, letter A denotes an arrow
indicating the moving direction (rolling direction) of the
pressure roller 53, letter X denotes a straight line virtually
indicating the weld line (joining line) of the joint portion J
present on the moving direction A, and letter Y denotes
a straight line orthogonal to the weld line X. In addition,
numeral 63 denotes a straight line passing through a
width-directionally central portion in a direction perpen-
dicular to the axis of the pressure roller 53, and letter o
denotes the inclination angle of the pressure roller 53
(the angle between the weld line X and the straight line
63 in the direction perpendicular to the axis of the upper
pressure roller 53). Furthermore, numeral 64 denotes an
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arc-of-contact length portion where the pressure roller
53 makes contact with the joint portion J, letter R denotes
a velocity vector of the pressure roller 53 in the arc-of-
contact length portion 64, letter R1 denotes that compo-
nent of the velocity vector R which is in the direction of
the weld line X, and letter R2 denotes that component of
the velocity vector R which is in a direction perpendicular
to the weld line X.)

[0241] When the pressure roller 53 is positively driven
to rotate while pressing the pressure roller 53 against the
joint portion J in the condition where the axis 61 of the
pressure roller 53 is inclined in a horizontal plane relative
to the straight line Y orthogonal to the weld line X, a fric-
tional force corresponding to the velocity vector compo-
nent R2 in the direction perpendicular to the weld line X
acts on the arc-of-contact length portion 64 in contact
with the joint portion J, due to a pressing force and the
coefficient of friction between the pressure roller 53 and
the joint portion J. In addition, a shearing force 82 (see
Figs. 16A to 17B) in a direction orthogonal to the weld
line X that corresponds to the frictional force acts on the
joint portion J. As a result, not only a metal flow in the
direction of the velocity vector component R1 (the direc-
tion parallel to the weld line X) but also a metal flow in
the direction of the velocity vector component R2 (the
direction perpendicular to the weld line X), that is a plastic
flow in the direction perpendicular to the weld line X due
to shearing deformation caused by the shearing force
82, is generated in the joint portion J. By this shearing
deformation or plastic flow in the direction perpendicular
to the weld line X, the step S at the joint portion J can be
smoothened.

[0242] Theangle o by whichthe pairof upperand lower
pressure rollers 53, 54 are inclined can be setin two kinds
of orientations. A first setting method corresponds to a
case where, as shown in Figs. 16A and 16B, the axes
61, 62 of the pair of pressure rollers 53, 54 are each
inclined relative to the straight line Y orthogonal to the
weld line X in such a manner that moving direction por-
tions 53A, 54A of the pair of pressure rollers 53, 54 are
oriented in the opposite directions to the directions where
the strip portions contacted first by the pressure rollers
53, 54 are present, in a horizontal plane. In other words,
the axes 61, 62 of the pressure rollers 53, 54 are inclined
in such a manner that the axial ends of the pressure roll-
ers 53, 54 located at those portions of the joint portion J
of the strip which are on the thicker side of the step S at
the joint portion J (those material portions of the joint
portion J which are contacted first by the pressure rollers
53, 54) are oriented in the rolling direction A of the joint
portion J. In this case, the shearing forces 82 correspond-
ing to the velocity vector component R2 act in the direc-
tions from the step S of the joint portion J of the strip
toward the strip portions contacted first by the pressure
rollers 53, 54, so that the step portion is rolled and
smoothened while a shearing deformation is imparted
thereto in the same direction perpendicular to the weld
line. Incidentally, in this case, forces in the opposite di-
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rections to the shearing forces 82 act on the pressure
rollers 53, 54 from the joint portion J as thrust forces 81.
In other words, the shearing forces 82 as reactional forc-
es of the thrust forces 81 act on the joint portion J.
[0243] A second setting method corresponds to a case
where, as shown in Figs. 17A and 17B, the pressure roll-
ers 53, 54 are inclined in the reverse directions to those
in the first setting method. Specifically, the axes 61, 62
of the pair of pressure rollers 53, 54 are each inclined
relative to the straight line Y orthogonal to the weld line
X in such a manner that the moving direction portions
53A, 54A of the pair of pressure rollers 53, 54 are oriented
in the directions where the strip portions contacted first
by the pressure rollers 53, 54 are present, in a horizontal
plane. In other words, the axes 61, 62 of the pressure
rollers 53, 54 are inclined in such a manner that the axial
ends of the pressure rollers 53, 54 located at those por-
tions of the joint portion J (mash seam-welded joint) of
the strip which are on the thinner side of the step S at
the joint portion J (those material portions of the joint
portion J which are not contacted first by the pressure
rollers 53, 54) are oriented in the rolling direction A of the
joint portion J. In this case, the shearing forces 82 cor-
responding to the velocity vector component R2 act in
the directions from the step S of the joint portion J of the
strip toward the strip portions relevant to the metallic ma-
terial contacted first by the pressure rollers 53, 54, so
that the step portion is rolled and smoothened while a
shearing deformation is imparted thereto in the same di-
rection perpendicular to the weld line. In this instance,
also, forces in the opposite directions to the shearing
forces 82 act on the pressure rollers 53, 54 from the joint
portion J as thrust forces 81.

[0244] In the present embodiment, the first setting
method is adopted. The reasonis as follows. Even when
the pair of upper and lower pressure rollers 53, 54 are
inclined by the second setting method, the step S can be
smoothened because it undergoes a plastic flow caused
by the shearing force 82. In this case, however, the por-
tion of the step Sis folded into the base material as shown
in Fig. 17B, so that a problem of embedding of the step
S into the base material in a crack-like form is newly gen-
erated. This does not matter in the case where the joint
portion J is required simply to have a smooth surface and
it is applied to a part which does not need strength. In
the case of application to a part on which a stress acts
and in a plastic-working use such as the case where the
strip is press molded like a tailored blank, however, the
leading end portion of the embedded step constitutes a
specific stress field, possibly causing breakage. There-
fore, the directions in which the pressure rollers 53, 54
are to be inclined are preferably as shown in Figs. 16A
and 16B, wherein the axes 61, 62 of the pair of pressure
rollers 53, 54 are each inclined relative to the straight line
Y orthogonal to the weld line X in such a manner that the
moving direction portions 53A, 54A of the pair of pressure
rollers 53, 54 are oriented in the opposite directions to
the directions where the strip portions contacted first by
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the pressure rollers 53, 54 are present, in a horizontal
plane. In this case, as shown in Fig. 16B, the step at the
joint portion can be smoothened while avoiding embed-
ding of the step S into the base material in a crack-like
form, so that the quality of the joint portion is enhanced.
[0245] Incidentally, although the problem relating to
the joint portion is solved as above-described, a product
coil may be required to have a further accuracy.

[0246] In the present embodiment, the coil cutting in
the final pass is conducted immediately posterior to the
passage of the joint portion through the cutting device.
In other words, the cutting position is posterior to the joint
portion. The cutting position is computed by the controller
20 from the respective coil outside diameters and reel
rotational speeds at the winding/unwinding devices 3 and
4.

[0247] This ensures that the joint portion can be dis-
posed at the outer surface of the output coil 103 and,
hence, the treatment of the joint portion can be easily
carried out after extraction of the output coil 103.
[0248] Furthermore, the coil cutting in the final pass
may be conducted immediately anterior to the passage
of the joint portion through the cutting device and imme-
diately posterior to the passage of the joint portion
through the cutting device. In other words, the joint por-
tion is cut off the output coil 103 by the cutting device 7a.
[0249] This ensures that the joint portion is not wound
around the output coil 103, so that an after-treatment of
the joint portion can be unnecessitated.

<Others>

[0250] In addition, before the start of the final-pass roll-
ing in the rolling step, the work rolls may be replaced by
dulled work rolls in a condition where a strip is threaded
the rolling mill, and then the final-pass rolling may be
conducted.

[0251] This makes it possible to enhance malleability
at the time of deep drawing conducted as a preparatory
step for the cold rolling step, or the adhesion and sharp-
ness relating to painting.

Second Embodiment

[0252] Now, a second embodiment of the present in-
vention will be described below referring to the drawing.
Fig. 18 is a schematic view of a cold-rolled material equip-
ment according to the second embodiment of the present
invention. While the cold rolling mill 1 in the first embod-
iment has been of a one-stand type, cold rolling mills 1a,
1bin the second embodiment constitute a two-stand type
mill.

[0253] In the cold-rolled material equipment according
to the first embodiment, the building-up line (the unwind-
ing device 2, the joining device 5 and the winding/un-
winding device 6) and the reversible rolling line (the cold
rolling mill 1, and the winding/unwinding devices 3, 4 and
6) are arranged juxtaposed, so that the coil building-up
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step and the reversible rolling step can be carried out
simultaneously and in parallel relationship, whereby pro-
duction amount can be increased. In other words, during
areversible rolling step after the finish of a coil building-
up step, a coil building-up step for the next buildup coil
102 can be carried out.

[0254] However, while the coil building-up step resides
in forming a buildup coil 102 through conducting joining
(S0501, S0502) twice, the reversible rolling step resides
in rolling a strip of a buildup coil 102 four times. As the
rolling is repeated, the strip length increases, so that the
rolling time becomes longer. In other words, the time re-
quired for the reversible rolling step becomes overwhelm-
ingly longer, as compared with the time required for the
coil building-up time, so that a production amount bal-
ance (tact balance) cannot be attained between these
two steps. To be more specific, while the reversible rolling
line is constantly operating during the reversible rolling
step, the coil building-up step is completed within the
reversible rolling step and, hence, the building-up line is
in a stand-by state until the next reversible rolling step is
started. Thus, the cold-rolled material equipment accord-
ing to the first embodiment is poor in tact balance be-
tween the coil building-up step and the reversible rolling
step, so that the production efficiency thereof cannot be
enhanced. Accordingly, there is a problem from the view-
point of investment cost-effectiveness.

[0255] Inthe presentembodiment, the cold rolling mills
1a, 1b are provided to constitute a two-stand type mill.
This makes it possible to shorten the time required for
the reversible rolling step, to improve the tact balance
between the coil building-up step and the reversible roll-
ing step, and thereby to enhance production efficiency.
[0256] In the other points of configuration, the present
embodiment is the same as the first embodiment; spe-
cifically, the two embodiments are the same in regard of
control, operation, and the effects obtained.

Third Embodiment

[0257] Now, a third embodiment of the present inven-
tion will be described below referring to the drawing. Fig.
19 is a schematic view of cold-rolled material equipment
according to the third embodiment of the present inven-
tion. While the case where a cold-rolled steel plate is
rolled as a material to be coldrolled in the first and second
embodiment, there are also cases where a magnetic
steel sheet or strip or a magnesium sheet with high quality
isrolled. The present embodiment takes a magnetic steel
sheet or strip or a magnesium sheet as an object.
[0258] The cold-rolled material equipment according
to the present embodiment is provided with electromag-
netic induction heaters 19, in addition to the cold-rolled
material equipment according to the first embodiment.
The electromagnetic induction heater 19 is a strip heater
for heating a strip, and is provided on the upstream side
and the downstream side of the joining device 5.

[0259] At the time of joining the tail end of a preceding
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strip and the leading end of a succeeding strip by the
joining device 5 in the coil building-up step, the electro-
magnetic induction heaters 19 heat the strips to a tem-
perature of not less than 100°C to not more than 400°C.
This ensures that the magnetic steel sheet or strip or
magnesium sheet with high quality can be rolled stably.
[0260] Incidentally, while the electromagnetic induc-
tion heater is applied as a strip heater, this is a non-re-
strictive example; thus, an oil bath type heater, a heating
furnace type heater and the like may also be applied.

Fourth Embodiment

[0261] Now, afourthembodiment of the presentinven-
tion will be described below referring to the drawing. Fig.
20 is a schematic view of cold-rolled material equipment
according to the fourth embodiment of the presentinven-
tion. While the cold rolling mill 1 in the third embodiment
has been of a one-stand type, cold rolling mills 1a, 1b in
the fourth embodiment constitute a two-stand type mill.
In other words, the present embodiment adopts a con-
figuration in which electromagnetic induction heaters 19
are added to the configuration of the cold-rolled material
equipment according to the second embodiment.
[0262] Inotherwords,the presentembodiment has the
characteristic configuration of the second embodiment
and the characteristic configuration of the third embodi-
ment, and, hence, has the effect of the second embodi-
ment and the effect of the third embodiment.

Description of Reference Numerals
[0263]

1, 1a, 1b Cold rolling mill

2 Unwinding device

3 Winding/unwinding device (first winding/unwinding
device)

3A Winding/unwinding device (first winding/unwind-
ing device, solid type)

4 Winding/unwinding device (second winding/un-
winding device

4A Winding/unwinding device (second winding/un-
winding device, solid type)

5 Joining device

6 Winding/unwinding device (coil-building-up wind-
ing/unwinding device)

7, 7a, 7b Cutting device

11 Work roll

10

15

20

25

30

35

40

45

50

55

25

12 Intermediate roll

13 Back-up roll

14 Hydraulic rolling reduction device
15 Load meter

16a, 16b, 16¢ Strip thickness meter
17a, 17b Strip velocity meter

18a, 18b Shape meter

19 Electromagnetic induction heater
20 Controller

21 Process computer

22 Coil centering mechanism

23 Coil centering mechanism

24 Detector

25 Actuator unit

26 Wheel

51, 52 Electrode wheel

53, 54 Pressure roller

55, 56 Clamp device

57 Carriage frame

58 Electrode wheel pressing device
59 Pressure roller pressing device
60 Inclining mechanism

61, 62 Axis

63 Straight line passing through width-directionally
central portion in a direction perpendicular to axes
of pressure rollers

64 Arc-of-contact length portion

71 Rotating shaft

72, 73 Pinion

74 Electric motor
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75 Inclination angle controller
76 Angle sensor

77 Host controller

81 Thrust force

82 Shearing force

101, 101a to 101c Input coil
102 Buildup coil

103, 103a to 103c Output coil

112, 113 Winding device

Claims

A reversible cold rolling method comprising: a coil
building-up step (S0201 to S0608) of sequentially
unwinding strips from a plurality of coils (101) to be
subjected to a rolling step and joining the strips to-
gether by welding to build up a coil; a reversible roll-
ing step (S1101 to S4407) of subjecting a strip un-
wound from the buildup coil (102) to reversible rolling
a predetermined number of times by a cold rolling
mill (1, 1a, 1b); and a cutting step (S4103, S4302 to
S4304, S4701, S4105, S4307 to S4309, S4702,
S4107, S4312 to S4314, and S4703) of cutting the
coil in a final pass of the reversible rolling step to
desired strip lengths to form a plurality of coils (103),
the steps being performed on a rolling pass line,
characterized in that the buildup coil (102) has a
coil outside diameter of not more than $3000 mm,
a rolling speed at the cold rolling mill (1, 1a, 1b) in
the cutting step (S4103, S4302 to S4304, S4701,
S4105, S4307 to S4309, S4702, S4107, S4312 to
S4314, and S4703) is more than 0 mpm and not
more than 50 mpm, and

in the final pass of the reversible rolling step and the
cutting step, the buildup coil (102) is wound and the
coils (103) after the cutting are carried out, by use
of one of the winding/unwinding devices (3, 4) used
in the reversible rolling step.’

The reversible cold rolling method according to claim
1,

wherein a tension on a strip when the outside diam-
eter of the buildup coil (102) is larger is set to be
gradually decreased as compared with a tension on
the strip when the outside diameter is smaller.

The reversible cold rolling method according to any
one of claims 1 and 2,
wherein a bent portion at a tail end of the strip un-
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wound from the buildup coil (102) is cut upon finish
of a first pass of the reversible rolling step (S1104).

The reversible cold rolling method according to any
one of claims 1 to 3,

wherein in the cutting step (S4103, S4302 to S4304,
S4701, S4105, S4307 to S4309, S4702, S4107,
S4312 to S4314, and S4703), entry-side rolling
speed and entry-side strip thickness and delivery-
side rolling speed at the cold rolling mill (1, 1a, 1b)
are measured, the strip thickness beneath work rolls
of the cold rolling mill (1, 1a, 1b) is computed based
onthe measured values, and a strip thickness control
such as to obtain a desired strip thickness is per-
formed by a hydraulic rolling reduction device (14)
possessed by the cold rolling mill (1, 1a, 1b).

The reversible cold rolling method according to any
one of claims 1 to 4,

wherein in the cutting step (S4103, S4302 to S4304,
S4701, S4105, S4307 to S4309, S4702, S4107,
S4312 to S4314, and S4703), strip shape is control-
led by a roll bender control or a coolant control or a
combination of both controls on the basis of the com-
putation result of roll deflection due to fluctuations in
rolling load at the cold rolling mill (1, 1a, 1b).

The reversible cold rolling method according to any
one of claims 1 to 5,

wherein a strip thickness meter (16c) is provided on
adownstream side of the joining device (5) for joining
by welding in the coil building-up step (S0201 to
S0608);

the strip thickness meter (16c) measures the strip
thickness after joining, in the coil building-up step
(S0201 to S0608); and

a feedforward strip thickness control is performed in
afirst pass (S1101 to S1603) of the reversible rolling
step.

The reversible cold rolling method according to any
one of claims 1 to 6,

wherein a coil-building-up winding/unwinding device
(6) is operative to winding and unwinding the buildup
coil (102) and has a coil centering mechanism (23);
the coil-building-up winding/unwinding device (6) op-
erates the coil centering mechanism (23) at the time
of winding the buildup coil, in the coil building-up step
(S0201 to S0608); and

the coil-building-up winding/unwinding device (6) op-
erates the coil centering mechanism (23) at the time
of unwinding the buildup coil (102), in a first pass
(S1101 to S1603) of the reversible rolling step.

The reversible cold rolling method according to any
one of claims 1 to 7,

wherein the order of feeding-in of coils (101) is pre-
liminarily controlled prior to the coil building-up step
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(S0201 to S0608) so that the absolute value of a strip
thickness difference between a preceding coil and a
succeeding coil will be not more than 1 mm.

The reversible cold rolling method according to any
one of claims 1 to 8,

wherein the joining in the coil building-up step
(S0201 to S0608) is by a mash seam welding sys-
tem.

The reversible cold rolling method according to claim
9,

wherein a cross swaging treatment is performed im-
mediately after the joining by the mash seam welding
system.

The reversible cold rolling method according to any
one of claims 1 to 10,

wherein a cutting device (7, 7a, 7b) is operative to
cuta coil in the cutting step (S4103, S4302 to S4304,
S4701, S4105, S4307 to S4309, S4702, S4107,
S4312 to S4314, and S4703); and

a part at which the coil is cut in the cutting step
(S4103, S4302 to S4304, S4701, S4105, S4307 to
S4309, S4702,S4107,S4312t0 S4314, and S4703)
is set at a partimmediately posterior to the passage
of a joint portion through the cutting device (7, 7a,
7b).

The reversible cold rolling method according to claim
11,

wherein a part at which the coil is cut in the cutting
step (S4103, S4302 to S4304,S4701,S4105, S4307
to S4309, S4702, S4107, S4312 to S4314, and
S4703) is set at a part immediately anterior to the
passage of the joint portion through the cutting de-
vice (7, 7a, 7b) and at a part immediately posterior
to the passage of the joint portion through the cutting
device (7, 7a, 7b).

The reversible cold rolling method according to any
one of claims 1 to 12,

wherein the joining device (5) is operative to join
strips together by welding and has a strip heater (19);
and

the strip heater (19) heats the strips to a temperature
of not less than 100°C to not more than 400°C in the
coil building-up step (S0201 to S0608).

The reversible cold rolling method according to any
one of claims 1 to 13,
wherein the cold rolling mill (1a, 1b) is of a two-stand

type.

The reversible cold rolling method according to any
one of claims 1 to 14,

wherein prior to start of a final pass (S4101) of the
reversible rolling step, work rolls are replaced by
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16.

17.

18.

19.

52

dulled work rolls in a condition where a stripis thread-
ed the rolling mill, and then rolling in the final pass
is performed.

Reversible cold rolling equipment for performing a
plurality of passes of cold rolling while changing a
rolling direction, by use of a unwinding device (2) for
sequentially unwinding strips from a plurality of input
coils (101), a coil-building-up winding/unwinding de-
vice (6) for joining the strips together by welding to
form a buildup coil (102) and winding and unwinding
a strip of the buildup coil (102), a joining device (5)
disposed between the unwinding device (2) and the
coil-building-up winding/unwinding device (6), at
least one reversible cold rolling mill (1, 1a, 1b), first
and second winding/unwinding devices (3, 4) dis-
posed respectively on an entry side and an delivery
side of a first pass of the cold rolling mill (1, 1a, 1b),
a cutting device (7, 7a, 7b) for cutting the strip of the
buildup coil (102), and a controller (20) by which the
unwinding device (2), the coil-building-up winding
/unwinding device (6), the joining device (5), the cold
rolling mill (1, 1a, 1b), the first and second wind-
ing/unwinding devices (3, 4) and the cutting device
(7, 7a, 7b) are controlled,

characterized in that the buildup coil (102) has a
coil outside diameter of not more than $3000 mm,
the controller (20) has a speed controlling function
by which a rolling speed of the cold rolling mill (1,
1a, 1b) during cutting of the buildup coil is controlled
to be more than 0 mpm and not more than 50 mpm,
and

either one of the first and second winding/unwinding
devices (3, 4)is awinding/unwinding device by which
the buildup coil (102) is wound in the final pass and
the output coils (103) are carried out.

The reversible cold rolling equipment according to
claim 16,

wherein the cutting device (7, 7a, 7b) has an swing
mechanism which swings in a rolling direction.

The reversible cold rolling equipment according to
any one of claims 16 and 17,

wherein the controller (20) has a tension controlling
function by which, during coil building-up and during
reversible rolling, a tension on a strip when the coil
outside diameter is larger is compared with, and is
set to be lower than, a tension on the strip when the
coil outside diameter is smaller.

The reversible cold rolling equipment according to
any one of claims 16 to 18,

wherein the controller (20) has a strip thickness con-
trolling function by which, during coil cutting by the
cutting device (7, 7a, 7b), entry-side rolling speed
and entry-side strip thickness and delivery-side roll-
ing speed at the cold rolling mill (1, 1a, 1b) are meas-
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ured, a strip thickness beneath work rolls of the cold
rolling mill (1, 1a, 1b) is computed based on the
measured values, and a strip thickness control such
as to obtain a desired strip thickness is performed
by a hydraulic rolling reduction device (14) pos-
sessed by the cold rolling mill (1, 1a, 1b).

The reversible cold rolling equipment according to
any one of claims 16 to 19,

wherein the controller (20) has a shape controlling
function by which, during cutting by the cutting device
(7, 7a, 7b), a strip shape is controlled by aroll bender
control or a coolant control or a combination of both
controls on the basis of a computation result of roll
deflection due to fluctuations in rolling load at the
cold rolling mill (1, 1a, 1b).

The reversible cold rolling equipment according to
any one of claims 16 to 20,

wherein the coil-building-up winding/unwinding de-
vice (6) has a coil centering mechanism (23); and
the controller (20)

has a coil centering function of controlling the coil-
building-up winding/unwinding device (6) so as to
operate the coil centering mechanism (23) at the time
of winding the buildup coil (102), and

to operate the coil centering mechanism (23) at the
time of unwinding the buildup coil (102).

The reversible cold rolling equipment according to
any one of claims 16 to 21,

wherein the joining device (5) is a mash seam weld-
ing machine.

The reversible cold rolling equipment according to
claim 22,

wherein the mash seam welding machine as the join-
ing device (5) has a swaging roller having a mech-
anism (60) for inclining an axis of the swaging roller
relative to a horizontal plane perpendicular to a weld
line.

The reversible cold rolling equipment according to
any one of claims 16 to 23,
wherein the cold rolling mill (1a, 1b) is of a two-stand

type.

Patentanspriiche

1.

Verfahren zum reversiblen Kaltwalzen, welches Fol-
gendes umfasst: einen Coil-Auftragsschritt (S0201
bis S0608), in welchem die Bander einer Mehrzahl
von Coils (101) nacheinander abgewickelt werden,
um sie einem Walzschritt zu unterziehen, und in dem
die Bander durch Schweilten miteinander verbun-
den werden, um einen Coil aufzutragen; einen re-
versiblen Walzschritt (S1101 bis S4407), in dem ein
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Band, welches von dem Auftrags-Coil (102) abge-
wickelt wurde, einer vorgegebenen Anzahl von re-
versiblen Walzschritten durch ein Kaltwalzwerk (1,
1a, 1b) unterzogen wird; und einen Schneideschritt
(S4103, S4302 bis S4304, S4701, S4105, S4307 bis
S4309, S4702, S4107, S4312 bis S4314, und
S4703), in dem der Coil wahrend des letzten Durch-
tritts des reversiblen Walzschritts in Bander in der
gewinschten Lange geschnitten wird zum Bilden ei-
ner Mehrzahl von Coils (103), wobei die Schritte auf
einer Walzstralle ausgefiihrt werden, dadurch ge-
kennzeichnet, dass der Auftrags-Coil (102) einen
Coil-AuRendurchmesser von nicht mehr als g 3000
mm. besitzt, die Walzgeschwindigkeit an dem Kalt-
walzwerk (1, 1a, 1b) wahrend des Schneideschrittes
(S4103, S4302 bis S4304, S4701, S4105, S4307 bis
S4309,S4702,S4107,S4312 bis S4314 und S4703)
Uber 0 mpm und nicht mehr als 50 mpm betragt, und
dass wahrend des letzten Durchtritts des reversiblen
Walzschritts und des Schneideschritts der Auftrags-
Coil (102) aufgewickelt wird, und dass die Coils (103)
nach dem Schneiden unter Verwendung der
Auf-/oder Abwicklungsvorrichtungen (3, 4), welche
in dem reversiblen Walzschritt verwendet werden,
herausgefiihrt werden.

Das Verfahren zum reversiblen Kaltwalzen nach An-
spruch 1, wobei die Spannung an dem Band, wenn
der AuBendurchmesser des Auftrags-Coil (102) gro-
Rer ist, so eingestellt ist, dass sie schrittweise ab-
nimmt im Vergleich zu der Spannung, die auf das
Band wirkt, wenn der Auendurchmesser kleiner ist.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 und 2, wobei ein gebo-
gener Abschnitt am hinteren Ende des Bandes, wel-
ches von dem Auftrags-Coil (102) abgewickelt wur-
de, am Ende des ersten Stichs des reversiblen Walz-
schritts (S 1104) abgeschnitten wird.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 3, wobei in dem
Schneideschritt (S4103, S4302 bis S4304, S4701,
S4105, S4307 bis S4309, S4702, S4107, S4312 bis
S4314 und S4703) die Walzgeschwindigkeit auf der
Einlaufseite und die Banddicke auf der Einlaufseite
sowie die Walzgeschwindigkeit auf der Abgabeseite
an dem Kaltwalzwerk (1, 1a, 1b) gemessen werden,
und wobei die Banddicke unterhalb der Arbeitswal-
zen des Kaltwalzwerks (1, 1a, 1b) basierend aufden
gemessenen Werten berechnet wird und wobei
durch eine hydraulische Walzreduzierungs-Vorrich-
tung (14), tber welche das Kaltwalzwerk (1, 1a, 1b)
verflgt, eine Steuerung der Banddicke durchgeflhrt
wird, welche dazu dient, die gewiinschte Banddicke
zu erreichen.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
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gendeinem der Anspriiche 1 bis 4, wobei wahrend
des Schneideschritts (S4103, S4302 bis S4304,
S4701, S4105, S4307 bis S4309, S4702, S4107,
S4312 bis S4314 und S4703) die Form des Bandes
gesteuert wird durch eine Walzbiege-Steuerung
oder eine Kuhlmittelsteuerung oder eine Kombinati-
on von beiden Steuerungen auf Basis des Berech-
nungsergebnisses der Walzbiegung aufgrund von
wechselnden Walzlasten am Kaltwalzwerk (1, 1a,
1b).

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 5, wobei der Ver-
bindungsvorrichtung (5) fir das Verbinden durch
Schweillen in dem Coil-Auftragsschritt (S0201 bis
S0608) nachgeordnet ein Banddicken-Messgerat
(16c¢) vorgesehen ist; wobei das Banddicken-Mess-
gerat (16c) die Banddicke nach dem Verbinden in
dem Coil-Auftragsschritt (S0201 bis S0608) misst;
und wobei wahrend des ersten Stichs (S1101 bis
S1603) des reversiblen Walzschritts eine Vorsteue-
rung der Banddicke durchgefiihrt wird.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 6, wobei eine Coil-
Auftrags-Auf-/Abwicklungsvorrichtung (6) aktiv ist,
welche den Auftrags-Coil (102) auf- und abwickelt,
und welche Uber einen Coil-Zentrierungsmechanis-
mus (23) verfugt; und wobei die Coil-Auftrags-
Auf-/Abwicklungsvorrichtung (6) wahrend des Auf-
wickelns des aufgetragenen Coil in dem Coil-Auf-
tragsschritt (S0201 bis S0608) den Coil-Zentrie-
rungsmechanismus (23) betatigt; und

wobei die Coil-Auftrags-Auf-/Abwicklungsvorrich-
tung (6) wahrend des Abwickelns des Auftrags-Coil
(102) wahrend des ersten Stichs (S1101 bis S1603)
des reversiblen Walzschritts den Coil-Zentrierungs-
mechanismus (23) betatigt.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 7, wobei die Rei-
henfolge des Einziehens der Coils (101) vorab vor
dem Coil-Auftragsschritt (S0201 bis S0608) derart
gesteuert wird, dass der absolute Wert des Banddi-
ckenunterschieds zwischen einem vorangehenden
Coil und dem nachfolgenden Coil nicht mehr als 1
mm betragt.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 8, wobei das Ver-
binden in dem Coil-Auftragsschritt (S0201 bis
S0608) mittels eines Quetschnaht-Schweil3-Sys-
tems durchgefiihrt wird.

Das Verfahren zum reversiblen Kaltwalzen nach An-
spruch 9, wobei unmittelbar nach der Verbindung
durch das Quetschnaht-Schweil3-System eine Pra-
gungsbehandlung in Querrichtung durchgefihrt
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wird.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 10, wobei eine
Schneidevorrichtung (7, 7a, 7b) verwendet wird, um
in dem Schneideschritt (S4103, S4302 bis S4304,
S4701, S4105, S4307 bis S4309, S4702, S4107,
S4312 bis S4314 und S4703) einen Coil zu schnei-
den; und wobei der Bereich, an dem der Coil in dem
Schneideschritt (S4103, S4302 bis S4304, S4701,
S4105, S4307 bis S4309, S4702, S4107, S4312 bis
S4314 und S4703) durchschnitten wird, unmittelbar
nach dem Durchtritt eines verbundenen Abschnitts
durch die Schneidevorrichtung (7, 7a, 7b) festgelegt
wird.

Das Verfahren zum reversiblen Kaltwalzen nach An-
spruch 11, wobei ein Teil, an dem der Coil in dem
Schneideschritt (S4103, S4302 bis S4304, S4701,
S4105, S4307 bis S4309, S4702, S4107, S4312 bis
S4314,und S4703) geschnitten wird, unmittelbar vor
dem Durchtritt eines verbundenen Abschnitts durch
die Schneidevorrichtung (7, 7a, 7b) sowie unmittel-
bar nach dem Durchtritt eines verbundenen Ab-
schnitts durch die Schneidevorrichtung (7, 7a, 7b)
festgelegt wird.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 12, wobei die Ver-
bindungsvorrichtung (5) verwendet wird, um Bander
durch Schweilen zu verbinden, und wobei sie ein
Heizband (19) besitzt; und wobei das Heizband (19)
die Bander in dem Coil-Auftragsschritt (S0201 bis
S0608) auf eine Temperatur von nicht unter 100°C
und nicht tGber 400 °C erhitzt.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 13, wobei das Kalt-
walzwerk (1a, 1b) ein zweigerUstiges Kaltwalzwerk
ist.

Das Verfahren zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 1 bis 14, wobei vor dem
Beginn des letzten Walzstichs (S4101) des reversib-
len Walzschritts die Arbeitswalzen ersetzt werden
durch stumpfe Arbeitswalzen in einem Zustand, in
dem ein Band durch das Kaltwalzwerk gefuhrt wird,
und dann im finalen Stich das Walzen durchgefiihrt
wird.

Ausristung zum reversiblen Kaltwalzen fir die
Durchfiihrung einer Mehrzahl von Kaltwalzstichen
unter Anderung der Walzrichtung, unter Verwen-
dung einer Abwicklungsvorrichtung (2) fir das se-
quenzielle Abwickeln von Bandern von einer Mehr-
zahl von Eingangs-Coils (101), einer Coil-Auftrags-
Auf-Abwicklungsvorrichtung (6) fir das Verbinden
der Bander durch Schweil’en, um einen Auftrags-
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Coil (102) aufzubauen, sowie fiir das Auf- und Ab-
wickeln eines Bandes des Auftrags-Coil (102), einer
Verbindungsvorrichtung (5), welche zwischen der
Abwicklungsvorrichtung (2) und der Coil-Auftrags-
Auf- und Abwicklungsvorrichtung (6) angeordnet ist,
mindestens eines reversiblen Kaltwalzwerks (1, 1a,
1b), einer ersten und einer zweiten Auf-/oder Ab-
wicklungsvorrichtung (3, 4), welche jeweils auf einer
Einlaufseite und auf einer Abgabeseite eines ersten
Stichs des Kaltwalzwerks (1, 1a, 1b) angeordnet
sind, einer Schneidevorrichtung (7, 7a, 7b) fur das
Schneiden des Bandes des Auftrags-Coil (102), so-
wie einer Steuerung (20), mit der die Abwicklungs-
vorrichtung (2), die Coil-Auftrags-Auf-/Abwicklungs-
vorrichtung (6), die Verbindungsvorrichtung (5), das
Kaltwalzwerk (1, 1a, 1b), die erste und die zweite
Auf-/Abwicklungsvorrichtung (3, 4) sowie die
Schneidevorrichtung (7, 7a, 7b) gesteuert werden,
dadurch gekennzeichnet, dass der Auftrags-Coill
(102) einen AufRendurchmesser von nicht mehr als
@ 3000mm besitzt, dass die Steuerung (20) eine
Geschwindigkeitssteuerungsfunktion besitzt, mit
der die Walzgeschwindigkeit des Kaltwalzwerks (1,
1a, 1b) wahrend des Schneidens des Auftrags-Coil
derart gesteuert wird, dass sie mehr als 0 mpm und
nicht mehr als 50 mpm betragt, und

entweder die erste oder die zweite Auf-/Abwick-
lungsvorrichtung (3, 4) eine Auf-/Abwicklungsvor-
richtung darstellt, mit der der Auftrags-Coil (102)
wahrend des letzten Stichs aufgewickelt und die
Ausgabe-Coils (103) herausgefiihrt werden.

Die Ausristung zum reversiblen Kaltwalzen nach
Anspruch 16, wobei die Schneidevorrichtung (7, 7a,
7b) einen Schwenkmechanismus aufweist, welcher
in Walzrichtung schwenkt.

Die Ausriistung zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 16 und 17, wobei die
Steuerung (20) eine Spannungssteuerungsfunktion
aufweist, mit der wahrend des Coil-Auftragens und
wahrend des reversiblen Walzvorgangs die Band-
spannung bei groflerem Coil-AuRendurchmesser
mit der Bandspannung bei kleinerem Coil-Auf3en-
durchmesser verglichen und gegentiber der Band-
spannung bei kleinerem Coil-AuRendurchmesser
verringert wird.

Die Ausristung zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 16 bis 18, wobei die Steu-
erung (20) eine Banddicken-Steuerungsfunktion
aufweist, mit der wahrend des Coil-Schneidens
durch die Schneidevorrichtung (7, 7a, 7b) die Walz-
geschwindigkeit auf der Einlaufseite und die Band-
dicke auf der Einlaufseite, sowie die Walzgeschwin-
digkeit auf der Abgabeseite am Kaltwalzwerk (1, 1a,
1b) gemessen werden, wobei die Banddicke unter
den Arbeitswalzen des Kaltwalzwerks (1, 1a, 1b) ba-
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sierend auf den gemessenen Werten berechnet
wird, und wobei durch eine hydraulische Walzredu-
zierungs-Vorrichtung (14), Gber welche das Kalt-
walzwerk (1, 1a, 1b) verfiigt, eine Banddicken-Steu-
erung durchgefiihrt wird, mittels der die gewiinschte
Banddicke erreicht wird.

Die Ausriuistung zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 16 bis 19, wobei die Steu-
erung (20) eine Formsteuerfunktion besitzt, mit der
wahrend des Schneidens durch die Schneidevor-
richtung (7, 7a, 7b) die Bandform durch eine Walz-
biege-Steuerung oder eine KihImittelsteuerung
oder eine Kombination von beiden Steuerungen auf
Basis des Berechnungsergebnisses der Walzbie-
gung aufgrund von wechselnden Walzlasten am
Kaltwalzwerk (1, 1a, 1b) gesteuert wird.

Die Ausriustung zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 16 bis 20, wobei der Coil-
Auftrags-Auf-/Abwicklungsvorrichtung (6) Uber ei-
nen Coil-Zentrierungsmechanismus (23) verfugt;
und wobei die Steuerung (20) tber eine Coil-Zen-
trierungsfunktion verfugt, welche die Coil-Auftrags-
Auf-/Abwicklungsvorrichtung derart steuert, dass sie
den Coil-Zentrierungsmechanismus (23) wahrend
des Aufwickelns des Auftrags-Coil (102) betreibt,
und dass sie den Coil-Zentrierungsmechanismus
(23) wahrend des Abwickelns des Auftrags-Coil
(102) betreibt.

Die Ausriustung zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 16 bis 21, wobei die Ver-
bindungsvorrichtung (5) eine  Quetschnaht-
Schweil3-Maschine ist.

Die Ausriistung zum reversiblen Kaltwalzen nach
Anspruch 22, wobei die Quetschnaht-Schweil-Ma-
schine als Verbindungsvorrichtung (5) Uber eine
Rundknetrolle verfiigt, welche tber einen Mechanis-
mus (60) fir das schrége Fihren der Rundknetrol-
len-Achse relativ zu einer horizontalen Flache senk-
recht zu einer Verbindungslinie verflgt.

Die Ausriustung zum reversiblen Kaltwalzen nach ir-
gendeinem der Anspriiche 16 bis 23, wobeidas Kalt-
walzwerk (1a, 1b) ein zweigerUstiges Kaltwalzwerk
ist.

Revendications

Procédé de laminage a froid réversible comprenant :
une étape de constitution de bobine (S0201 a
S0608) pour dérouler séquentiellement des bandes
a partir d’'une pluralité de bobines (101) devant étre
soumises a une étape de laminage et joindre les
bandes ensemble par soudage pour constituer une



59 EP 2 514 534 B1 60

bobine ; une étape de laminage réversible (S1101 a
S4407) pour soumettre une bande déroulée a partir
de la bobine constituée (102) a un laminage réver-
sible un nombre prédéterminé de fois par un laminoir
a froid (1, 1a, 1b) ; et une étape de coupe (S4103,
S4302 a S4304, S4701, S4105, S4307 a S4309,
S4702,S4107,S4312 a S4314, et S4703) pour cou-
per la bobine dans une passe finale de I'étape de
laminage réversible a des longueurs de bande dé-
sirées pour former une pluralité de bobines (103),
les étapes étant mises en oeuvre sur une ligne de
passes de laminage,

caractérisé en ce que la bobine constituée (102) a
un diametre extérieur de bobine de pas plus de @ 3
000 mm,

une vitesse de laminage au niveau du laminoir a froid
(1, 1a, 1b) a I'étape de coupe (S4103, S4302 a
S4304, S4701, S4105, S4307 a S4309, S4702,
S4107, S4312 a S4314, et S4703) est supérieure a
0 m/min et non supérieure a 50 m/min, et

lors de la passe finale de I'étape de laminage réver-
sible et de I'étape de coupe, la bobine constituée
(102) est enroulée et les bobines (103) aprés la cou-
pe sontréalisées, en utilisant un des dispositifs d’en-
roulage/déroulage (3, 4) utilisés a I'étape de lamina-
ge réversible.

Procédé de laminage a froid réversible selon la re-
vendication 1,

dans lequel une tension sur une bande lorsque le
diameétre extérieur de la bobine constituée (102) est
plus grand est fixée pour étre graduellement dimi-
nuée par rapport a une tension sur la bande lorsque
le diamétre extérieur est plus petit.

Procédé de laminage a froid réversible selon I'une
quelconque des revendications 1 et 2,

dans lequel une partie courbée au niveau d’une ex-
trémité arriere de la bande déroulée de la bobine
constituée (102) est coupée a la fin d’'une premiére
passe de I'étape de laminage réversible (S1104).

Procédé de laminage a froid réversible selon I'une
quelconque des revendications 1 a 3,

dans lequel, a I'étape de coupe (S4103, S4302 a
S4304, S4701, S4105, S4307 a S4309, S4702,
S4107, S4312 a S4314, et S4703), une vitesse de
laminage de c6té entrée et une épaisseur de bande
de c6té entrée et une vitesse de laminage de cété
sortie au niveau du laminoir a froid (1, 1a, 1b) sont
mesurées, I'épaisseur de bande en-dessous des
rouleaux de travail du laminoir a froid (1, 1a, 1b) est
calculée sur la base des valeurs mesurées, et une
commande d’épaisseur de bande afin d’obtenir une
épaisseur de bande désirée est exécutée par un dis-
positif hydraulique (14) de réduction de laminage
posséde par le laminoir a froid (1, 1a, 1b).
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5. Procédé de laminage a froid réversible selon l'une

quelconque des revendications 1 a 4,

dans lequel, a I'étape de coupe (S4103, S4302 a
S4304, S4701, S4105, S4307 a S4309, S4702,
S4107, S4312 a S4314, et S4703), une forme de
bande est commandée par une commande de cin-
treuse a galets ou une commande de fluide de re-
froidissement ou une combinaison des deux com-
mandes sur la base du résultat de calcul de déflec-
tion de rouleau due a des fluctuations de la charge
de laminage au niveau du laminoir a froid (1, 1a, 1b).

Procédé de laminage a froid réversible selon l'une
quelconque des revendications 1 a 5,

dans lequel un appareil (16¢c) de mesure d’épaisseur
de bande est prévu sur un cété aval du dispositif (5)
de jonction pour jonction par soudage a I'étape de
constitution de bobine (S0201 a S0608) ;

I'appareil (16c) de mesure d’épaisseur de bande me-
sure I'épaisseur de bande aprés jonction, a I'étape
de constitution de bobine (S0201 a S0608) ; et
une commande prédictive d’épaisseur de bande est
exécutée lors d’'une premiére passe (S1101 a
S1603) de I'étape de laminage réversible.

Procédé de laminage a froid réversible selon l'une
quelconque des revendications 1 a 6,

dans lequel un dispositif (6) d’enroulage/déroulage
de constitution de bobine est utilisable pour enrouler
et dérouler la bobine constituée (102) et a un méca-
nisme (23) de centrage de bobine ;

le dispositif (6) d’enroulage/déroulage de constitu-
tion de bobine fait fonctionner le mécanisme (23) de
centrage de bobine au moment d’enrouler la bobine
constituée, a I'étape de constitution de bobine
(S0201 a S0608) ; et

le dispositif (6) d’enroulage/déroulage de constitu-
tion de bobine fait fonctionner le mécanisme (23) de
centrage de bobine au moment de dérouler la bobine
constituée (102), lors d’'une premiére passe (S1101
a S1603) de I'étape de laminage réversible.

Procédé de laminage a froid réversible selon l'une
quelconque des revendications 1 a 7,

dans lequel I'ordre d’alimentation des bobines (101)
est commandé de maniére préliminaire avant I'étape
de constitution de bobine (S0201 a S0608) de fagon
a ce que la valeur absolue d’'une différence d’épais-
seur de bande entre une bobine précédente et une
bobine suivante ne soit pas supérieure a 1 mm.

Procédé de laminage a froid réversible selon l'une
quelconque des revendications 1 a 8,

dans lequel la jonction a I'étape de constitution de
bobine (S0201 a S0608) est par un systeme de sou-
dage a la molette par écrasement.

10. Procédé de laminage a froid réversible selon la re-
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vendication 9,

dans lequel un traitement de sertissage transversal
est exécuté immédiatement aprés la jonction par le
systéme de soudage a la molette par écrasement.

Procédé de laminage a froid réversible selon I'une
quelconque des revendications 1 a 10,

dans lequel un dispositif (7, 7a, 7b) de coupe est
utilisable pour couper une bobine a I'étape de coupe
(S4103, S4302 a S4304, S4701, S4105, S4307 a
S4309, S4702, S4107, S4312 a S4314, et S4703) ;
et

une partie au niveau de laquelle la bobine est coupée
a I'étape de coupe (S4103, S4302 a S4304, S4701,
S4105, S4307 a S4309, S4702, S4107, S4312 a
S4314, et S4703) est fixée au niveau d’une partie
immeédiatement postérieure au passage d’une partie
de jonction atravers le dispositif (7, 7a, 7b) de coupe.

Procédé de laminage a froid réversible selon la re-
vendication 11,

dans lequel une partie au niveau de laquelle la bo-
bine est coupée a I'étape de coupe (S4103, S4302
a S4304, S4701, S4105, S4307 a S4309, S4702,
S4107, S4312 a S4314, et S4703) est fixée au ni-
veau d'une partie immédiatement antérieure au pas-
sage de la partie de jonction a travers le dispositif
(7, 7a, 7b) de coupe et au niveau d’une partie immé-
diatement postérieure au passage de la partie de
jonction a travers le dispositif (7, 7a, 7b) de coupe.

Procédé de laminage a froid réversible selon I'une
quelconque des revendications 1 a 12,

dans lequel le dispositif (5) de jonction est utilisable
pour joindre des bandes ensemble par soudage et
a un dispositif de chauffage (19) de bandes ; et

le dispositif de chauffage (19) de bandes chauffe les
bandes a une température de pas moins de 100°C
a pas plus de 400°C a I'étape de constitution de bo-
bine (S0201 a S0608).

Procédé de laminage a froid réversible selon I'une
quelconque des revendications 1 a 13,

dans lequel le laminoir a froid (1, 1a, 1b) est d’'un
type a deux cages.

Procédé de laminage a froid réversible selon I'une
quelconque des revendications 1 a 14,

dans lequel, avant le démarrage d’une passe finale
(S4101) de I'étape de laminage réversible, des rou-
leaux de travail sont remplacés par des rouleaux de
travail glacés dans une condition ou une bande est
introduite dans le laminoir, et ensuite le laminage
lors de la passe finale est exécuté.

Equipement de laminage & froid réversible pour exé-
cuter une pluralité de passes de laminage a froid tout
en changeant un sens de laminage, en utilisant un
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dispositif (2) de déroulage pour dérouler séquentiel-
lement des bandes a partir d’'une pluralité de bobines
(101) d’entrée, un dispositif (6) d’enroulage/dérou-
lage de constitution de bobine pour joindre les ban-
des ensemble par soudage pour former une bobine
constituée (102) et enrouler et dérouler une bande
de la bobine constituée (102), un dispositif (5) de
jonction disposé entre le dispositif (2) de déroulage
et le dispositif (6) d’enroulage/déroulage de consti-
tution de bobine, au moins un laminoir a froid (1, 1a,
1b) réversible, des premier et deuxiéme dispositifs
(3, 4) d’enroulage/déroulage disposés respective-
ment sur un c6té entrée et un coté sortie d’'une pre-
miéere passe du laminoir a froid (1, 1a, 1b), un dis-
positif (7, 7a, 7b) de coupe pour couper la bande de
la bobine constituée (102), et un contrdleur (20) par
lequel le dispositif (2) de déroulage, le dispositif (6)
d’enroulage/déroulage de constitution de bobine, le
dispositif (5) de jonction, le laminoir a froid (1, 1a,
1b), les premier et deuxieme dispositifs (3, 4) d’en-
roulage/déroulage etle dispositif (7, 7a, 7b) de coupe
sont commandés,

caractérisé en ce que la bobine constituée (102) la
bobine constituée (102) a un diametre extérieur de
bobine de pas plus de @ 3 000 mm,

le contréleur (20) a une fonction de commande de
vitesse par laquelle une vitesse de laminage du la-
minoir a froid (1, 1a, 1b) lors de la coupe de la bobine
constituée est commandée pour étre supérieure a 0
m/min et non supérieure a 50 m/min, et

I'un ou l'autre des premier et deuxiéme dispositifs
(3, 4) d’enroulage/déroulage est un dispositif d’en-
roulage/déroulage par lequel la bobine constituée
(102) est enroulée lors de la passe finale et les bo-
bines (103) de sortie sont réalisées.

Equipement de laminage a froid réversible selon la
revendication 16,

dans lequel le dispositif (7, 7a, 7b) de coupe a un
mécanisme d’oscillation qui oscille dans un sens de
laminage.

Equipement de laminage & froid réversible selon
I'une quelconque des revendications 16 et 17,
dans lequel le contréleur (20) a une fonction de com-
mande de tension par laquelle, lors de la constitution
de bobine etlors dulaminage réversible, une tension
sur une bande lorsque le diamétre extérieur de bo-
bine est plus grand est comparée avec, et est fixée
pour étre inférieure a, une tension sur la bande lors-
que le diamétre extérieur de bobine est plus petit.

Equipement de laminage & froid réversible selon
I'une quelconque des revendications 16 a 18,

dans lequel le contréleur (20) a une fonction de com-
mande d’épaisseur de bande par laquelle, lors de la
coupe de bobine parle dispositif (7, 7a, 7b) de coupe,
une vitesse de laminage de cbté entrée et une épais-
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seur de bande de c6té entrée et une vitesse de la-
minage de c6té sortie au niveau du laminoir a froid
(1, 1a, 1b) sont mesurées, une épaisseur de bande
en-dessous des rouleaux de travail du laminoir a
froid (1, 1a, 1b) est calculée sur la base des valeurs
mesurées, et une commande d’épaisseur de bande
afin d’obtenir une épaisseur de bande désirée est
exécutée par un dispositif hydraulique (14) de réduc-
tion de laminage possédé par le laminoir a froid (1,
1a, 1b).

Equipement de laminage & froid réversible selon
'une quelconque des revendications 16 a 19,

dans lequel le contrdéleur (20) a une fonction de com-
mande de forme par laquelle, lors de la coupe par
le dispositif (7, 7a, 7b) de coupe, une forme de bande
est commandée par une commande de cintreuse a
galets ou une commande de fluide de refroidisse-
ment ou une combinaison des deux commandes sur
la base d’un résultat de calcul de déflection de rou-
leau due a des fluctuations de la charge de laminage
au niveau du laminoir a froid (1, 1a, 1b).

Equipement de laminage & froid réversible selon
'une quelconque des revendications 16 a 20,

dans lequel le dispositif (6) d’enroulage/déroulage
de constitution de bobine a un mécanisme (23) de
centrage de bobine ; et

le contrdleur (20) a une fonction de centrage de bo-
bine pour commander le dispositif (6) d’enroula-
ge/déroulage de constitution de bobine de facon a
faire fonctionner le mécanisme (23) de centrage de
bobine au moment de I'enroulement de la bobine
constituée (102), et

de fagon a faire fonctionner le mécanisme (23) de
centrage de bobine au moment du déroulement de
la bobine constituée (102).

Equipement de laminage & froid réversible selon
'une quelconque des revendications 16 a 21,
danslequelle dispositif (5) de jonction aune machine
de soudage a la molette par écrasement.

Equipement de laminage & froid réversible selon la
revendication 22,

dans lequel la machine de soudage a la molette par
écrasement comme le dispositif (5) de jonction a un
rouleau d’emboutissage ayant un mécanisme (60)
pour incliner un axe du rouleau d’emboutissage par
rapport a un plan horizontal perpendiculaire a une
ligne de soudage.

Equipement de laminage & froid réversible selon
'une quelconque des revendications 16 a 23,

dans lequel le laminoir a froid (1, 1a, 1b) est d’'un
type a deux cages.
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