EP 3 485 991 A1

Patent Office

s et (11) EP 3 485 991 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e "llmlmllHH||m||‘||Hm|‘||‘m”|m|‘l“”lm“ll“‘"H‘mll‘
Patentamt
0 European

(43) Date of publication: (51) IntCl.:
22.05.2019 Bulletin 2019/21 B21B 1/24 (2006.01) B21B 13102 (2006.01)
B21B 27/10(2006.9%) B21B 45/02 (2006.07)
(21) Application number: 17828009.5 B21B 38/00 (2006.07) B21B 37/00 (2006.01)
(22) Date of filing: 14.07.2017 (86) International application number:
PCT/KR2017/007607

(87) International publication number:
WO 2018/012939 (18.01.2018 Gazette 2018/03)

(84) Designated Contracting States: (72) Inventors:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB ¢ KANG, Hyun-Suk
GRHRHUIEISITLILTLULV MC MK MT NL NO Pohang-si
PL PT RO RS SE SI SK SM TR Gyeongsangbuk-do 37877 (KR)
Designated Extension States: * KUEON, Yeong-Seob
BA ME Pohang-si
Designated Validation States: Gyeongsangbuk-do 37877 (KR)
MA MD
(74) Representative: Potter Clarkson
(30) Priority: 14.07.2016 KR 20160089305 The Belgrave Centre
Talbot Street
(71) Applicant: Posco Nottingham NG1 5GG (GB)

Pohang-si, Gyeongsangbuk-do 37859 (KR)

(54) ROLLING FACILITY AND ROLLING METHOD OF STAINLESS STEEL PLATE

(67)  The present invention relates to a rolling facility
and arolling method of a stainless steel plate. The rolling
facility according to the present invention comprises: a
plurality of rolling roll sets which are composed of at least

[FIG.2]

500

a pair of rolls facing each other with a workpiece being 288
conveyed therebetween and are provided in a conveying =y
direction of the workpiece; a plurality of rolling oil supply N

means, provided corresponding to each of the rolling roll %% é
sets, for supplying a rolling oil to the rolling roll sets; a g
plurality of cooling means, provided corresponding to 6o o
each of the rolling roll sets, for supplying a gas to the gﬁﬁ

workpiece and the rolling roll sets; a gloss measurement
means, disposed between the rolling roll set most rear-
wardly disposed in the traveling direction of the work-
piece and a winder for winding the workpiece, for meas-
uring the surface gloss of the workpiece; and a control
means, connected to the gloss measurement means and

the plurality of cooling means, for controlling an amount g8y
of gas supplied by the plurality of cooling means accord- S &fﬁ
ing to the surface gloss measured by the gloss measure- 8
ment means.

TANK [
360a—"4" "

GAS SUPPLY
ROLLING OIL
SUPPLY TANK

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 485 991 A1 2

Description
[Technical Field]

[0001] The present disclosure relates to a rolling mill
and a method of rolling a stainless steel sheet.

[Background Art]

[0002] Continuous rolling, as a method for rolling a
workpiece to a target thickness by allowing the work-
piece, which becomes a rolled workpiece, to pass
through a plurality of working rolls, provided in a convey-
ing direction of a workpiece, once, is a rolling method
providing significantly excellent productivity.

[0003] A working roll, used for continuous rolling, has
a relatively large diameter as compared with a working
roll used for reversible rolling, and viscosity of rolling oil
is high. Moreover, since the number of rolling mills, ar-
ranged throughout an entire rolling line, is limited, a re-
duction rate per unit stand is high, which may be high
reduction rolling conditions.

[0004] Thus, when a workpiece with high deformation
resistance, such as stainless steel, is high-speed rolled
under high reduction rolling conditions, a temperature in
aroll bite isincreased, so viscosity of rolling oil is lowered.
Accordingly, lubrication performance of the rolling oil may
be deteriorated, such that a surface defect such as a heat
streak may occur.

[0005] A heat streak defect is a defect occurring when
a surface is damaged due to surface adhesion between
aroll and a workpiece, and is then transferred to a work-
piece. Moreover, a heat streak defect is a defect frequent-
ly occurring in high strength and high reduction rolling
conditions such as in rolling stainless steel.

[0006] Thus, in order to prevent such a defect from
occurring, a roll is cooled using a coolant. In this case,
as the roll is cooled, viscosity of an oil film of rolling oil is
increased, while surface gloss of a workpiece is lowered.
[0007] In other words, in order to prevent a surface
defect of a workpiece, it is necessary to maintain proper
viscosity of rolling oil. However, as viscosity of rolling oil
is increased, there may be a problem in which surface
gloss of a workpiece is lowered. In the case in which a
workpiece in which surface gloss is significantly impor-
tant, such as stainless steel, is rolled, the problem de-
scribed above may be a more sensitive issue.

[Disclosure]
[Technical Problem]

[0008] An aspect of the present disclosure is to im-
prove quality while suppressing occurrence of a defect.
[0009] Anaspectofthe presentdisclosureisto perform
high-speed rolling at a constant quality, and to improve
productivity.
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[Technical Solution]

[0010] According to an aspect of the present disclo-
sure, arolling milland a method of rolling a stainless steel
sheet are provided.

[0011] The rolling mill according to the present disclo-
sure includes: a plurality of rolling roll sets, composed of
at least a pair of rolls opposing each other with a work-
piece being conveyed interposed therebetween, and pro-
vided in a conveying direction of the workpiece; a plurality
of rolling oil supply devices, provided corresponding to
each of the rolling roll sets, for supplying rolling oil to the
rolling roll sets; a plurality of cooling devices, provided
corresponding to each of the rolling roll sets, for supplying
a gas to the workpiece and the rolling roll sets; a gloss
measuring device, disposed between a rolling roll set
most rearwardly disposed in a moving direction of the
workpiece and a winder for winding the workpiece to
measure surface gloss of the workpiece; and a control
device, connected to the gloss measuring device and the
plurality of cooling devices to control an amount of gas
supplied by the plurality of cooling devices according to
surface gloss measured by the gloss measuring device.
[0012] The gloss measuring device may be provided
as a plurality of gloss measuring devices, the plurality of
gloss measuring devices being provided between an out-
let of a leading rolling roll set in the conveying direction
of the workpiece and an inlet of a trailing rolling roll set
and measuring surface gloss of the workpiece in real
time, and the control device may be connected to the
plurality of gloss measuring devices and the plurality of
cooling devices to control an amount of gas, supplied by
the cooling device followed by the gloss measuring de-
vice, based on an error between surface gloss measured
by the gloss measuring device, and target surface gloss
of the workpiece.

[0013] The gloss measuring device may measure sur-
face gloss of the workpiece in real time, and the control
device may receive the surface gloss, measured by the
gloss measuring device, to generate a measured surface
gloss value, and may control a supply amount of gas,
supplied by the plurality of cooling devices, based on an
error between a target surface gloss value of the work-
piece, and the measured surface gloss value.

[0014] The control device may generate a total supply
amountofgas based onan error between atarget surface
gloss value of the workpiece and the measured surface
gloss value, may control a total amount of gas, supplied
by the plurality of cooling devices, at least to be equal to
the total supply amount of gas, and may control the plu-
rality of cooling devices to supply different amounts of
gas.

[0015] The coolingdevice may include: a cooling hous-
ing, provided in aninlet and an outlet of each of the rolling
roll sets; a first supply pipe and a second supply pipe,
connected to a gas supply tank, and provided in the cool-
ing housing; a first nozzle, provided in the first supply
pipe, and supplying gas to the workpiece; a second noz-
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zle, provided in the second supply pipe, and supplying
gas to a gap between the rolls, through which the work-
piece passes; and a first flow control valve and a second
flow control valve, provided in the first supply pipe and
the second supply pipe and connected to the control de-
vice.

[0016] The control device may perform Pl control, and
may control at least one, of the first flow control valve
and the second flow control valve, to increase a flow rate
of at least one of the first supply pipe and the second
supply pipe when the measured surface gloss value is
greater than the target surface gloss value, and to reduce
a flow rate of at least one of the first supply pipe and the
second supply pipe when the measured surface gloss
value is less than the target surface gloss value.

[0017] The gloss measuring device may include: a
measuring housing, installed on a conveying path of the
workpiece; a measuring roll, provided to move in the
measuring housing and in a state of contact or non-con-
tact with the workpiece; a light emitting unit, provided in
the measuring roll, and allowing light to be incident on a
surface of the workpiece; and a light receiving unit, pro-
vided in the measuring roll, and measuring light reflected
from a surface of the workpiece.

[0018] Gas, stored in the gas supply tank, may be lig-
uefied nitrogen.

[0019] Another aspect of the present disclosure is to
provide arolling method of a stainless steel sheet, allow-
ing a surface of a stainless steel sheet to have a target
surface gloss value by including a plurality of rolling roll
sets, provided as a pair of rolls opposing each other, in
amovingdirection of the steel sheet, and the rolling meth-
od includes: fluid supplying, for supplying rolling oil and
gas for cooling to each of the rolling roll sets; surface
measuring, for measuring a surface gloss value of the
steel sheet in real time, between an outlet of a rolling roll
set mostrearwardly disposed in a moving direction of the
steel sheet and a front end of a winder of the steel sheet;
and flow rate controlling, for controlling an amount of gas,
supplied in the fluid supplying, according to a difference
between the measured surface gloss value, measured
in the surface measuring, and a target surface gloss val-
ue.

[0020] Inthe surface measuring, a surface gloss value
of the steel sheet may be measured in real time between
an outlet of a leading rolling roll set in a conveying direc-
tion of the steel sheet and an inlet of a trailing rolling roll
set, and, in the flow rate controlling, an amount of gas,
supplied to each of the rolling roll sets, may be controlled
according to a difference between each measured sur-
face gloss value, measured in the surface measuring,
and a target surface gloss value set for each of the rolling
roll sets.

[0021] In the flow rate controlling, when the measured
surface gloss value, measured in the surface measuring,
exceeds 110% or is less than 90%, of a target surface
gloss value for the rolling roll set, passing immediately
before reaching a position in which surface gloss of the
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steel sheet is measured, a supply amount of gas, sup-
plied in the fluid supplying, may be changed.

[0022] In the flow rate controlling, the supply amount
of gas may be controlled by Pl control, and the supply
amount (u(t)) of gas at random times may be determined

t

by u(t) = kpye(t) + kif e(r)dr  wherekpisapro-
0 4

portional control gain,

ki is an integral control gain, and

e (t) is a value of a difference between a measured sur-

face gloss value and a target surface gloss value at ran-

dom times.

[Advantageous Effects]

[0023] As set forth above, according to an exemplary
embodiment, during rolling, defect occurrence, in detail,
surface defect occurrence may be suppressed.

[0024] Moreover, while high-speed rolling may be per-
formed at a constant quality, productivity and quality may
be improved.

[Description of Drawings]
[0025]

FIG. 1 is a conceptual diagram of a rolling mill ac-
cording to an exemplary embodiment.

FIG. 2 is a conceptual diagram of a rolling mill ac-
cording to another exemplary embodiment.

FIG. 3 is a conceptual diagram of a cooling device
of the present disclosure.

FIG. 4 is a conceptual diagram of a gloss measuring
device of the present disclosure.

FIG. 5 is a conceptual diagram of a rolling method
of a stainless steel sheet according to the present
disclosure.

FIG. 6 illustrates a difference between a measured
surface gloss value, measured by a gloss measuring
device of the presentdisclosure, and a target surface
gloss value.

[Best Mode for Invention]

[0026] To help understand the description of embodi-
ments of the present disclosure, elements denoted by
the same reference numerals in the drawings are used
forthe same elements, and relevant components, among
components having the same function in each of embod-
iments, are denoted by the same or an extension number.
[0027] To clarify the gist of the present disclosure, de-
scription of elements and techniques known in the art will
be omitted, and the present disclosure will be described
in detail with reference to the accompanying drawings.

[0028] The spirit of the present disclosure is not limited
to the embodiments proposed, and may be suggested
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as other elements added, changed, and deleted by those
skilled in the art, which is also included within the scope
of the same concept as the present disclosure.

[0029] In FIG. 1, a rolling mill 1000 according to an
exemplary embodiment is illustrated. The rolling mill
1000 according to an exemplary embodiment may in-
clude a rolling roll set 100 including working rolls 110
opposing each other with a workpiece 10, being con-
veyed, interposed therebetween, an intermediate roll
120, and a backup roll 130.

[0030] The rolling roll set 100 may be provided as a
plurality of rolling roll sets in a conveying direction of the
workpiece 10, and is referred to as a first rolling roll set
100a, a second rolling roll set 100b, and a third rolling
roll set 100c for convenience of explanation. Each rolling
roll set may include at least a pair of working rolls 110, a
pair of intermediate rolls 120, and a pair of backup rolls
130.

[0031] However, the present disclosure is not limited
thereto, and the configuration and the number of rolling
roll sets may be appropriately changed and applied by
those skilled in the art.

[0032] Rolling oil is supplied to each rolling roll set by
a rolling oil supply device 200. The rolling oil supply de-
vice 200 may include a rolling oil supply tank 210 accom-
modating rolling ail, a rolling oil supply pipe 220 provided
as a moving path of the rolling oil accommodated in the
rolling oil supply tank, and a rolling oil supply housing
230 connected to the rolling oil supply pipe 220 and dis-
posed around the rolling roll set.

[0033] The rolling oil supply housing 230 is provided
in each of an inlet and an outlet of the working roll 110,
and may include a nozzle (not shown) injecting rolling oil
into a roll. Moreover, the rolling oil supply housing 230
may include a first housing 230a supplying rolling oil to
the first rolling roll set 100a, a second housing 230b sup-
plying rolling oil to the second rolling roll set 100b, and a
third housing 230c supplying rolling oil to the third rolling
roll set 100c.

[0034] Due to the configuration described above, roll-
ing oil, supplied by the rolling oil supply device 200, may
act between aroll and a workpiece to help smooth rolling.
However, as the working time continues and a temper-
ature of the roll rises, a temperature of the rolling oil may
also rise.

[0035] In this case, viscosity of rolling oil is lowered,
so a lubrication function may be lost, and a surface defect
such as a heat streak may occur in a workpiece. In order
to prevent a surface defect of a workpiece, described
above, it is necessary to cool the workpiece 10 and the
roll to a certain level.

[0036] To thisend, inorder to supply liquefied nitrogen
as gas for cooling to a workpiece and roll, a cooling hous-
ing 310 may be provided in one side of the rolling oil
supply housing 230. Moreover, the cooling housing 310
is also provided corresponding to the first rolling roll set
1003, the second rolling roll set 100b, and the third rolling
roll set 100c on a one-by-one basis, in a manner similar
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to the rolling oil supply housing 230.

[0037] However, a type of the gas for cooling is not
limited to the present disclosure, and the number of the
cooling housing 310 provided in the first rolling roll set
100ais also not limited to the present disclosure and may
be suitably modified and applied by those skilled in the
art.

[0038] The gas supply tank 600 and the cooling hous-
ing 310, accommodating gas for cooling, may be con-
nected by a pipe unit 350. Moreover, the pipe unit 350
may be provided with a valve unit 360 to control a flow
rate of gas.

[0039] The valve unit 360 may include a first valve unit
360a, a second valve unit 360b, and a third valve unit
360c, to control gas for cooling to be supplied to the first
rolling roll set, the second rolling roll set, and the third
rolling roll set.

[0040] Moreover, the first valve unit 360a, the second
valve unit 360b, and the third valve unit 360c are con-
nected to the control device 500, and the control device
500 may control the first valve unit 360a, the second valve
unit 360b, and the third valve unit 360c according to a
surface gloss value of a workpiece, measured by the
gloss measuring device 400, to control a flow rate of gas
for cooling.

[0041] Inthis case, since accurate and precise control
for each rolling operation of the workpiece 10 may be
performed to allow the rolling oil supply housing 230, the
cooling housing 310, and the valve unit 360 to correspond
to the first rolling roll set 100a, the second rolling roll set
100b, and the third rolling roll set 100c on a one-by-one
basis, quality may be improved.

[0042] Meanwhile, if a temperature of a workpiece and
aroll is decreased by gas for cooling in order to prevent
a surface defect such as heat streak during a rolling proc-
ess, a temperature of the rolling oil is also decreased.
Thus, viscosity of the rolling oil is gradually increased. In
this case, if the viscosity of the rolling oil is increased, a
problem in which surface gloss of the workpiece 10 is
reduced may occur. In the case of stainless steel, surface
gloss is more significant, so the problem described above
is required to be solved.

[0043] Thus, in the present disclosure, surface gloss
of the workpiece 10, which is to be a rolled workpiece, is
measured in real time, and the surface gloss is compared
with a target surface gloss value. Then, based on the
comparison, a supply amount of gas for cooling is con-
trolled.

[0044] To this end, the gloss measuring device 400
measures surface gloss of the workpiece 10 in real time
between the third rolling roll set 100c and the winder 800,
and the control device 500 receives the surface gloss,
measured by the gloss measuring device 400, to gener-
ate a measured surface gloss value, and may control an
amount of gas for cooling, supplied through the cooling
housing 310, based on an error between a target surface
gloss value of the workpiece, and the measured surface
gloss value, measured by the gloss measuring device
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400.

[0045] In this case, the target surface gloss value of
the workpiece 10 is a desired surface gloss value, and
the measured surface gloss value, measured by the
gloss measuring device 400, is at least equal to the target
surface gloss value to achieve a desired surface quality.
[0046] When the gloss measuring device 400 is dis-
posed between the third rolling roll set 100c and the wind-
er 800 to measure surface gloss of the workpiece, an
amount of gas for cooling, supplied by the third rolling
roll set 100c, may be more sensitively controlled as com-
pared with an amount of gas for cooling, supplied by the
first rolling roll set 100a and the second rolling roll set
100b.

[0047] However, it is not limited to the present disclo-
sure, and may be suitably modified and applied by those
skilled in the art.

[0048] Meanwhile, as illustrated in FIG. 2, it may be
configured to measure surface gloss of the workpiece 10
in an outlet of each rolling roll set. In other words, the
gloss measuring device 400 is provided between an out-
let of the first rolling roll set 100a and aninlet of the second
rolling roll set 100b, between an outlet of the second roll-
ing roll set and an inlet of the third rolling roll set, and
between an outlet of the third rolling roll set and the winder
800.

[0049] Thus, information on surface gloss, measured
by the gloss measuring device 400 provided between the
outlet of the first rolling roll set 100a and the inlet of the
second rolling roll set 100b may be information on the
workpiece 10, only passing through the first rolling roll
set 100a, and other gloss measuring devices also meas-
ure surface gloss in a similar manner.

[0050] Thus, the control device 500 may receive infor-
mation on surface gloss of the workpiece 10 for each
rolling operation, and may control a supply amount of
gas for cooling for each rolling operation. Thus, if surface
gloss of the workpiece 10, passing through the first rolling
roll set 1003, is significantly lower or higher than a target
value, a flow rate of gas for cooling is controlled through
the first valve unit 360a in the operation described above
to adjust viscosity of rolling oil to an appropriate level.
[0051] Thus, arolling state is checked at the beginning
of rolling of the workpiece 10 to significantly reduce a
defect rate, and an amount of gas for cooling, to be sup-
plied to the second rolling roll set 100b and the third rolling
roll set 100c, may be expected, based on a measured
surface gloss value by the first rolling roll set 100a.
[0052] Hereinafter, an exemplary embodiment of the
cooling device 300 of the present disclosure will be de-
scribed with reference to FIG. 3.

[0053] Thecoolingdevice 300 accordingto the present
disclosure may include a cooling housing 310, provided
in aninlet and an outlet of each of the first rolling roll set,
the second rolling roll set, and the third rolling roll set
(1004, 100b, and 100c of FIGS. 1 and 2), and the cooling
housing 310 may be provided as a plurality of cooling
housings as needed in a single rolling roll set.
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[0054] The cooling housing 310 is provided with a pipe
unit 350, connected to the gas supply tank 600 and pro-
vided as a moving path of gas for cooling, and the pipe
unit 350 may include afirst supply pipe 320 and a second
supply pipe 330, passing through one surface of the work-
piece 10.

[0055] The first supply pipe 320 is provided with a plu-
rality of first nozzles 321 in a longitudinal direction, and
the first nozzle 321 is provided to allow an injection hole
to oppose one surface of the workpiece 10 and may sup-
ply gas for cooling to the workpiece 10.

[0056] Moreover, the second supply pipe 330 is pro-
vided with a plurality of second nozzles 331 in a longitu-
dinal direction, and the second nozzle 331 is disposed
to allow an injection hole to oppose a gap between the
working rolls 110 and supply gas for cooling to the work-
ingroll 110 orto agap between workingrolls 110 vertically
opposing each other.

[0057] Due to the first supply pipe 320 and the second
supply pipe 330 configured as described above, gas for
cooling, supplied to a workpiece and a working roll, may
be individually controlled, so individual cooling control
may be performed according to a cooling state of a work-
piece and a working roll.

[0058] Moreover, on each of the first supply pipe 320
and the second supply pipe 330, a first flow control valve
322 and asecond flow control valve 332 may be provided.
The first flow control valve 322 and the second flow con-
trol valve 332 are connected to a control device 500, and
whether the first flow control valve and the second flow
control valve are open or closed is controlled by the con-
trol device 500, so a flow rate of gas for cooling, supplied
by the gas supply tank 600, may be controlled.

[0059] The control device 500 calculates a difference
between a measured surface gloss value and a target
surface gloss value, and thus may calculate a total supply
amount of gas for cooling according to a difference value
therbetween. Moreover, in order to achieve the total sup-
ply amount, as illustrated in FIG. 2 or FIG. 3, an amount
of gas for cooling, supplied by the first nozzle or the sec-
ond nozzle (321 or 331 of FIG. 3) installed in the cooling
housing 310, sequentially disposed in a conveying direc-
tion of the workpiece 10, may be the same or different
from each other.

[0060] In other words, as illustrated in FIG. 2, an
amount of gas supplied by the first nozzle or the second
nozzle installed in the cooling housing 310 supplying gas
for cooling to the first rolling roll set 100a, an amount of
gas supplied by the first nozzle or the second nozzle in-
stalled in the cooling housing 310 supplying gas for cool-
ing to the second rolling roll set 100b, and an amount of
gas supplied by the first nozzle or the second nozzle in-
stalled in the cooling housing 310 supplying gas for cool-
ing to the third rolling roll set 100c, may be the same or
different from each other.

[0061] In detail, when different gas for cooling is sup-
plied in each rolling operation, in consideration of char-
acteristics of the workpiece 10, rolling conditions, and
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the like, individual rolling process control may be per-
formed, and an error between a measured surface gloss
value and a target surface gloss value may be further
reduced. Thus, rolling productivity and surface quality
may be improved.

[0062] For example, gas is supplied to the first rolling
roll set 100a, the second rolling roll set 100b, and the
third rolling roll set 100c, to allow the sum of an amount
of gas for cooling, supplied through the first nozzle or the
second nozzle provided in the cooling housing 310 in-
stalled in the first rolling roll set 100a, the second rolling
roll set 100b, and the third rolling roll set 100c, to be at
least equal to a total amount of gas for cooling, having
been calculated. Meanwhile, an amount of gas for cool-
ing, supplied to the first rolling roll set 100a, among the
first rolling roll set 100a, the second rolling roll set 100b,
and the third rolling roll set 100c, is the smallest, while
an amount of gas for cooling, supplied to the third rolling
roll set 100c, may be the greatest.

[0063] Thus, considering that the workpiece 10 is air-
cooled while being transferred from the first rolling roll
set 100a to the third rolling roll set 100c, minimum cooling
may be performed in the first rolling roll set 100a. Thus,
the workpiece 10 may be prevented from being exces-
sively cooled before reaching the third rolling roll set
100c.

[0064] However, it is not limited to the present disclo-
sure, and may be suitably modified and applied by those
skilled in the art.

[0065] Meanwhile, in FIG. 4, a gloss measuring device
400 according to an exemplary embodimentis illustrated.
[0066] The gloss measuring device 400 may include a
measuring housing 410 installed on a conveying path of
the workpiece 10, a measuring roll 420 provided to move
in a direction of the workpiece 10 in the measuring hous-
ing 410 and in a state of contact or non-contact with a
surface of the workpiece 10, a light emitting unit 430 pro-
vided in the measuring roll, and allowing light to be inci-
dent on a surface of the workpiece, and a light receiving
unit 440 provided in the measuring roll and measuring
light reflected from a surface of the workpiece.

[0067] In this case, a guide member 450 allowing the
measuring roll 420 to be lifted or lowered may be provided
on both sides of the measuring housing 410. The guide
member 450 is connected to a rotating shaft (not shown)
of the measuring roll 420, and may be connected by a
bearing member (not shown) to allow the measuring roll
420 to rotate.

[0068] The guide member 450 may allow the measur-
ing roll 420 to be in contact with or in non-contact with a
surface of the workpiece 10 by increasing or reducing its
own length, and may be provided as a rack and a pinion
gear, alinear guide, and the like, within the scope of such
technical ideas. However, a type thereof is not limited to
the present disclosure.

[0069] The measuringroll420 is provided with a meas-
uring groove 460 in one side opposing the workpiece 10.
The measuring groove 460 is a groove which is concave
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inwardly of a body of the measuring roll 420, and the light
emitting unit 430 to allow light to be incident on a surface
of the workpiece 10 and the light receiving unit440 meas-
uring light reflected from the surface of the workpiece 10
may be provided in the measuring groove 460.

[0070] As described above, gloss of a surface of the
workpiece 10 is measured through an intensity ratio of
incident light and reflected light, by the light emitting unit
430 and the light receiving unit 440. Moreover, as de-
scribed above, when the light emitting unit 430 and the
light receiving unit 440 are provided in the measuring
groove 460, light, reflected from an external source, may
be blocked, so accuracy of measurement may be further
improved.

[0071] Moreover, in order to prevent fine damage of a
surface of the workpiece 10 by a measuring roll 420, in
contact with the surface of the workpiece 10, a buffer
member (not shown), formed of a workpiece with high
ductility, may be provided in an outer circumference of
the measuring roll 420.

[0072] Meanwhile, another aspect of the present dis-
closure is to provide a rolling method for rolling to allow
a surface of a stainless steel sheet to have a target sur-
face gloss value by including a plurality of rolling roll sets,
provided as a pair of rolls opposing each other, in a mov-
ing direction of the steel sheet.

[0073] In this case, the rolling roll set may include a
pair of working rolls, directly pressing a surface of a steel
sheet, and may further include a pair of intermediate rolls,
pressing the working roll, and a pair of backup rolls. Here-
inafter, the pair of working rolls, the pair of intermediate
rolls, and the pair of backup rolls are referred to as a
rolling roll set.

[0074] Asillustratedin FIG. 5, arolling method accord-
ing to an exemplary embodiment may include: fluid sup-
plying (S910) for supplying rolling oil and gas for cooling
to each of the rolling roll sets; surface measuring (S920)
for measuring a surface gloss value of the steel sheet in
real time, between an outlet of a rolling roll set most rear-
wardly disposed in a moving direction of the steel sheet
and a front end of a winder of the steel sheet; and flow
rate controlling (S930) for controlling an amount of gas,
supplied in the fluid supplying, according to a difference
between a measured surface gloss value, measured in
the surface measuring, and a target surface gloss value.
[0075] Inthe surface measuring (S920), surface gloss
one time may be measured between arolling roll set most
rearwardly disposed in a conveying direction of a steel
sheet and a winder for winding the steel sheet, or surface
gloss multiple times may be measured in an outlet of
each of the rolling roll sets.

[0076] When the former is referred to as final surface
measurement and the latter is referred to as individual
surface measurement, in a method using the final surface
measurement, gas for cooling, supplied to a rolling roll
set most rearwardly disposed, may be most sensitively
controlled. In this regard, because the gas for cooling,
supplied by the rolling roll set most rearwardly disposed,
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has the greatest effect on surface gloss of the steel sheet.
[0077] Meanwhile,inamethod usingthe individual sur-
face measurement, surface gloss of a steel sheetforeach
rolling operation may be controlled. Thus, a surface de-
fect of a workpiece may be recognized at the beginning
of a process, and a surface of a steel sheet according to
each rolling operation may be controlled.

[0078] The surface gloss value, measured in the sur-
face measuring (S920) as described above, may be used
for controlling an amount of gas for cooling in the flow
rate controlling (S930) . Here, in the case of the final sur-
face measurement in the surface measuring (S920), a
flow rate may be controlled according to final surface
glossin the flow rate controlling. Alternatively, in the case
of the individual surface measurement, a flow rate may
be controlled according to individual surface gloss in the
flow rate controlling.

[0079] Moreover,inthe flowrate controlling, an amount
of gas for cooling, supplied to each of the rolling roll sets,
may all be the same, or may all be different. However,
when an amount of gas for cooling, supplied to a rolling
roll set, is adjusted to be different for each rolling opera-
tion according to characteristics of a steel sheet and roll-
ing conditions, precise control in which process charac-
teristics are reflected may be performed, so quality may
be improved.

[0080] However, itis not limited to the present disclo-
sure, and may be suitably modified and applied by those
skilled in the art.

[0081] Meanwhile, an amount of gas for cooling, con-
trolled in the flow rate controlling, may be controlled by
a difference between a measured surface gloss value of
a steel sheet, and a target surface gloss value to be
achieved. The control described above, as illustrated in
FIG. 6, may be performed, when the measured surface
gloss value exceeds 110% of the target surface gloss
value, or is less than 90% thereof.

[0082] In other words, only when an error value, a dif-
ference between a measured surface gloss value and a
target surface gloss value, is outside of =10% of the tar-
get surface gloss value (greater than or less than), an
amount of gas for cooling to be supplied is changed. Al-
ternatively, when the error value is in a normal range (D),
that is, =10%, gas for cooling suitable for a correspond-
ing target surface gloss value is supplied as it is.
[0083] In this case, when the measured surface gloss
value exceeds 110% of the target surface gloss value, a
supply amount of gas for cooling is increased. Alterna-
tively, when the measured surface gloss value is less
than 90% of the target surface gloss value, a supply
amount of gas for cooling is reduced, so temperatures
of a steel sheet, a working roll, and rolling oil are control-
led. Thus, surface gloss of the steel sheet may be con-
trolled in a normal range.

[0084] However, when the measured surface gloss
value exceeds 110% of the target surface gloss value,
or is less than 90% thereof, the error value is out of the
normal range (D). In this case, an amount of gas for cool-
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ing may be controlled by Pl control.

[0085] In this regard, when a workpiece of a rolled
workpiece is stainless 304 steel white coil, a thickness
of an inlet workpiece is 3.0 to 4.0 mmt, a total reduction
rate is 50% to 60%, and rolling oil, having been used, is
mineral oil with viscosity of 12 to 18 cSt(@40°C) and a
saponification value (SV) of 40 to 45 mgKOH/g, as a re-
sult of measurement of surface gloss of a steel sheet, an
average value is 210 and a standard deviation is 20.
Here, there is a variation of about 10%. Thus, the case,
in which an error value is between =10%, indicates a
normal range, and a supply amount of gas for cooling is
not changed in the normal range.

[0086] Meanwhile, a supply amount of gas for cooling
at random times may be calculated according to [Equa-
tion 1].

[Equation 1]

¢
u(t) = kpe(t) + k!-f e(t)dr

Here,

u(t) = an injection amount of liquefied nitrogen at ran-
dom times,

e(t) = a value of a difference between a measured
surface gloss value and a target surface gloss value,
at random times,

kp = a proportional control gain, and

k; = an integral control gain.

[0087] Here, a proportional control gain, and an inte-
gral control gain are values determined by a steel type,
rolling conditions, and the like.

[0088] When an amountof gas for cooling is calculated
by [Equation 1], an error which may be accumulated as
a process is performed, so a surface quality of a steel
sheet may be improved.

Claims
1. A rolling mill, comprising:

a plurality of rolling roll sets, composed of atleast
a pair of rolls opposing each other with a work-
piece being conveyed interposed therebe-
tween, and provided in a conveying direction of
the workpiece;

a plurality of rolling oil supply devices, provided
corresponding to each of the rolling roll sets, for
supplying rolling oil to the rolling roll sets;

a plurality of cooling devices, provided corre-
sponding to each of the rolling roll sets, for sup-
plying a gas to the workpiece and the rolling roll
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sets;

a gloss measuring device, disposed between a
rolling roll set most rearwardly disposed in a
moving direction of the workpiece and a winder
for winding the workpiece to measure surface
gloss of the workpiece; and

a control device, connected to the gloss meas-
uring device and the plurality of cooling devices
to control an amount of gas supplied by the plu-
rality of cooling devices according to surface
gloss measured by the gloss measuring device.

The rolling mill of claim 1, wherein the gloss meas-
uring device is provided as a plurality of gloss meas-
uring devices, the plurality of gloss measuring de-
vices being provided between an outlet of a leading
rolling roll set in the conveying direction of the work-
piece and an inlet of a trailing rolling roll set and
measuring surface gloss of the workpiece in real
time, and

the control device is connected to the plurality of
gloss measuring devices and the plurality of cooling
devices to control an amount of gas, supplied by the
cooling device followed by the gloss measuring de-
vice, based on an error between surface gloss meas-
ured by the gloss measuring device, and target sur-
face gloss of the workpiece.

The rolling mill of claim 1, wherein the gloss meas-
uring device measures surface gloss of the work-
piece in real time, and

the control device receives the surface gloss, meas-
ured by the gloss measuring device, to generate a
measured surface gloss value, and controls a supply
amount of gas, supplied by the plurality of cooling
devices, based on an error between a target surface
gloss value of the workpiece, and the measured sur-
face gloss value.

The rolling mill of claim 3, wherein the control device
generates a total supply amount of gas based on an
error between a target surface gloss value of the
workpiece and the measured surface gloss value,
controls a total amount of gas, supplied by the plu-
rality of cooling devices, at least to be equal to the
total supply amount of gas, and controls the plurality
of cooling devices to supply differentamounts of gas.

The rolling mill of any one of claims 2 to 4, wherein
the cooling device includes:

a cooling housing, provided in an inlet and an
outlet of each of the rolling roll sets;

a first supply pipe and a second supply pipe,
connected to a gas supply tank, and provided in
the cooling housing; a first nozzle, provided in
the first supply pipe, and supplying gas to the
workpiece;
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a second nozzle, provided in the second supply
pipe, and supplying gas to a gap between the
rolls, through which the workpiece passes; and
a first flow control valve and a second flow con-
trol valve, provided in the first supply pipe and
the second supply pipe and connected to the
control device.

The rolling mill of claim 5, wherein the control device
performs Pl control, and controls at least one, of the
first flow control valve and the second flow control
valve, to increase a flow rate of at least one of the
first supply pipe and the second supply pipe when
the measured surface gloss value is greater than the
target surface gloss value, and to reduce a flow rate
of at least one of the first supply pipe and the second
supply pipe when the measured surface gloss value
is less than the target surface gloss value.

The rolling mill of any one of claims 1 to 4, wherein
the gloss measuring device includes:

a measuring housing, installed on a conveying
path of the workpiece;

a measuring roll, provided to move in the meas-
uring housing and in a state of contact or non-
contact with the workpiece;

a light emitting unit, provided in the measuring
roll, and allowing light to be incident on a surface
of the workpiece; and

a light receiving unit, provided in the measuring
roll, and measuring light reflected from a surface
of the workpiece.

The rolling mill of claim 5, wherein gas, stored in the
gas supply tank, is liquefied nitrogen.

A rolling method of a stainless steel sheet, allowing
a surface of a stainless steel sheet to have a target
surface gloss value by including a plurality of rolling
roll sets, provided as a pair of rolls opposing each
other, in a moving direction of the steel sheet,

the rolling method, comprising:

fluid supplying, for supplying rolling oil and gas
for cooling to each of the rolling roll sets;
surface measuring, for measuring a surface
gloss value of the steel sheet in real time, be-
tween an outlet of a rolling roll set most rear-
wardly disposed in a moving direction of the
steel sheet and a front end of a winder of the
steel sheet; and

flow rate controlling, for controlling an amount
of gas, supplied in the fluid supplying, according
to a difference between the measured surface
gloss value, measured in the surface measur-
ing, and a target surface gloss value.
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The rolling method of a stainless steel sheet of claim
9, wherein, in the surface measuring, a surface gloss
value of the steel sheet is measured in real time be-
tween an outlet of a leading rolling roll set in a con-
veying direction of the steel sheet and an inlet of a
trailing rolling roll set, and

in the flow rate controlling, an amount of gas, sup-
plied to each of the rolling roll sets, is controlled ac-
cording to a difference between each measured sur-
face gloss value, measured in the surface measur-
ing, and a target surface gloss value set for each of
the rolling roll sets.

The rolling method of a stainless steel sheet of claim
9 or 10, wherein, in the flow rate controlling, when
the measured surface gloss value, measured in the
surface measuring, exceeds 110% or is less than
90%, of a target surface gloss value for the rolling
roll set, passing immediately before reaching a po-
sition in which surface gloss of the steel sheet is
measured, a supply amount of gas, supplied in the
fluid supplying, is changed.

The rolling method of a stainless steel sheet of claim
11, wherein, in the flow rate controlling, the supply
amount of gas is controlled by Pl control, and

the supply amount (u(t)) of the gas at random times
is determined by

t
u(t) = kye(t) + ki«f e(t)dr

v 4
where kp is a proportional control gain,
k; is an integral control gain, and

e (1) is a value of a difference between a measured
surface gloss value and a target surface gloss value,
at random times.

10

15

20

25

30

35

40

45

50

55

16



EP 3 485 991 A1

[FIG.1]
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[FIG.Z2]
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[FIG. 3]
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[FIG.4]
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