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(54) SYSTEM FOR CONTROLLING HOT-ROLLED STEEL PLANT

(57) Provided is a system for controlling a hot-rolled
steel plant capable of accurately ascertaining tempera-
ture distribution inside a steel plate when a steel material
arrives at a delivery side of an induction heating appara-
tus. A system for controlling a hot-rolled steel plant is
provided with: an extraction temperature computation
unit for computing the temperature distribution inside the
steel material when the steel material is extracted from
a heating furnace; an entry-side temperature computa-
tion unit for computing, on the basis of the temperature
distribution inside the steel material computed by the ex-
traction temperature computation unit, the temperature
distribution inside the steel material when the steel ma-
terial arrives at an entry side of the induction heating ap-
paratus disposed on a delivery side of the heating fur-
nace; and a delivery-side temperature computation unit
for computing, on the basis of the temperature distribu-
tion inside the steel material computed by the entry-side
temperature computation unit, the temperature distribu-
tion inside the steel material when the steel material ar-
rives at a delivery side of the induction heating apparatus.
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Description

Field

[0001] The present invention relates to a system for
controlling a hot-rolled steel plant. Background
[0002] PTL 1 discloses an induction heating apparatus
for a hot-rolled steel plant. In the hot-rolled steel plant,
the induction heating apparatus is provided on an entry
side of a finishing mill. The induction heating apparatus
is able to reduce temperature variations inside a steel
material before the steel material arrives at the finishing
mill. At this time, the induction heating apparatus requires
settings based on computation results of temperature
distribution inside the steel material when the steel ma-
terial arrives at a delivery side of the induction heating
apparatus.

Citation List

Patent Literature

[0003] [PTL 1] JP 2014-175082 A

Summary

Technical Problem

[0004] However, PTL 1 does not disclose details of
temperature distribution inside the steel material when
the steel material arrives at the delivery side of the in-
duction heating apparatus. Therefore, there are some
cases in which the temperature variations inside the steel
material are not reduced before the steel material arrives
at the finishing mill.
[0005] The present invention has been made to solve
the above-described problem. An object of the present
invention is to provide a system for controlling a hot-rolled
steel plant capable of accurately ascertaining tempera-
ture distribution inside a steel material when the steel
material arrives at a delivery side of an induction heating
apparatus. Solution to Problem
[0006] A system for controlling a hot-rolled steel plant
according to the present invention includes: an extraction
temperature computation unit for computing temperature
distribution inside a steel material when the steel material
is extracted from a heating furnace; an entry-side tem-
perature computation unit for computing, based on the
temperature distribution inside the steel material com-
puted by the extraction temperature computation unit,
temperature distribution inside the steel material when
the steel material arrives at an entry side of an induction
heating apparatus disposed on a delivery side of the heat-
ing furnace; and a delivery-side temperature computa-
tion unit for computing, based on the temperature distri-
bution inside the steel material computed by the entry-
side temperature computation unit, temperature distribu-
tion inside the steel material when the steel material ar-

rives at a delivery side of the induction heating apparatus.

Advantageous Effects of Invention

[0007] According to the present invention, the temper-
ature distribution inside the steel material when the steel
material arrives at the delivery side of the induction heat-
ing apparatus is computed by taking over data of tem-
perature distribution inside the steel material when the
steel material is extracted from the heating furnace.
Therefore, it is possible to accurately ascertain the tem-
perature distribution inside the steel material when the
steel material arrives at the delivery side of the induction
heating apparatus. Brief Description of Drawings
[0008]

[Fig. 1]
Fig. 1 is a configuration diagram of a hot-rolled steel
plant to which a system for controlling a hot-rolled
steel plant in Embodiment 1 of the present invention
is applied.
[Fig. 2]
Fig. 2 is a perspective view of an induction heating
apparatus of the hot-rolled steel plant to which the
system for controlling a hot-rolled steel plant in Em-
bodiment 1 of the present invention is applied.
[Fig. 3]
Fig. 3 is a configuration diagram of the system for
controlling a hot-rolled steel plant in Embodiment 1
of the present invention.
[Fig. 4]
Fig. 4 is a diagram showing computation results of
temperature distribution inside a slab by the system
for controlling a hot-rolled steel plant in Embodiment
1 of the present invention.
[Fig. 5]
Fig. 5 is a diagram showing computation results of
temperature distribution inside a steel plate by the
system for controlling a hot-rolled steel plant in Em-
bodiment 1 of the present invention.
[Fig. 6]
Fig. 6 is a flowchart for illustrating operations of the
system for controlling a hot-rolled steel plant in Em-
bodiment 1 of the present invention.
[Fig. 7]
Fig. 7 is a flowchart for illustrating operations of the
system for controlling a hot-rolled steel plant in Em-
bodiment 1 of the present invention.
[Fig. 8]
Fig. 8 is a hardware configuration diagram of the
system for controlling a hot-rolled steel plant in Em-
bodiment 1 of the present invention.
[Fig. 9]
Fig. 9 is a perspective view of an induction heating
apparatus of the hot-rolled steel plant to which the
system for controlling a hot-rolled steel plant in Em-
bodiment 2 of the present invention is applied.
[Fig. 10]
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Fig. 10 is a diagram showing computation results of
temperature distribution inside a steel plate by the
system for controlling a hot-rolled steel plant in Em-
bodiment 2 of the present invention.

Description of Embodiments

[0009] Embodiments for practicing the present inven-
tion will be described in accordance with attached draw-
ings. Note that, in the figures, same or corresponding
parts are assigned with same reference signs. Redun-
dant descriptions in those parts will be appropriately sim-
plified or omitted.

Embodiment 1

[0010] Fig. 1 is a configuration diagram of a hot-rolled
steel plant to which a system for controlling a hot-rolled
steel plant in Embodiment 1 of the present invention is
applied.
[0011] In Fig. 1, the hot-rolled steel plant includes at
least one reheating furnace 1, at least one roughing mill
2, an induction heating apparatus 3, multiple finishing
mills 4, at least one cooling facility 5 and at least one
coiler 6.
[0012] The reheating furnace 1 is provided on an entry
side of the hot-rolled steel plant. The roughing mill 2 is
provided on a delivery side of the reheating furnace 1.
The induction heating apparatus 3 is provided on a de-
livery side of the roughing mill 2. The multiple finishing
mills 4 are provided on a delivery side of the induction
heating apparatus 3. For example, six finishing mills 4
are provided on the delivery side of the induction heating
apparatus 3 in line from the entry side to a delivery side
of the hot-rolled steel plant. The cooling facility 5 is pro-
vided on the delivery side of the finishing mills 4. The
coiler 6 is provided on a delivery side of the cooling facility
5.
[0013] Not-shown multiple thermocouples are provid-
ed inside the reheating furnace 1. For example, the mul-
tiple thermocouples are provided in line in a width direc-
tion of the reheating furnace 1.
[0014] A controlling system 7 includes an extraction
temperature computation unit 7a, an entry-side temper-
ature computation unit 7b, a delivery-side temperature
computation unit 7c, a controlling unit 7d, a temperature
distribution data collection unit 7e, a sampling data col-
lection unit 7f, a storage unit 7g and a parameter correc-
tion unit 7h.
[0015] The steel material is charged into the reheating
furnace 1 in a state of a slab 8. The slab 8 is heated up
to around 1200°C by the reheating furnace 1. Thereafter,
the slab 8 is extracted from the reheating furnace 1. Then,
the slab 8 is rolled to a steel plate 9 with a thickness of
several tens of millimeters by the roughing mill 2. At an
end portion of the steel plate 9, the temperature varies
significantly. Therefore, the end portion of the steel plate
9 is heated by the induction heating apparatus 3. There-

after, the steel plate 9 is elongated to be much thinner
by the finishing mill 4. Then, the steel plate 9 is cooled
by the cooling facility 5. Thereafter, the steel plate 9 is
wound in a coil by the coiler 6.
[0016] The controlling system 7 controls the roughing
mill 2, the induction heating apparatus 3, the multiple
finishing mills 4, the cooling facility 5 and the coiler 6.
[0017] For example, the extraction temperature com-
putation unit 7a of the controlling system 7 computes, on
the basis of ambient temperature inside the reheating
furnace 1, the temperature distribution inside the slab 8
when the slab 8 is extracted from the reheating furnace
1. On this occasion, the ambient temperature inside the
reheating furnace 1 is measured by each of the multiple
thermocouples.
[0018] Specifically, the extraction temperature compu-
tation unit 7a substitutes a finitely-divided fine mesh for
time and space and computes the temperature distribu-
tion inside the slab 8 by the method of finite differences
or the finite element method. On this occasion, the ex-
traction temperature computation unit 7a computes, up-
on providing initial conditions when the slab 8 is charged
into the reheating furnace 1, the temperature distribution
inside the slab 8 by use of two-dimensional or three-di-
mensional heat equation.
[0019] The extraction temperature computation unit 7a
repeats computation of temperature rising in the slab 8
in a fixed cycle from several tens of seconds to several
minutes until the slab 8 is extracted from the reheating
furnace 1. On this occasion, the extraction temperature
computation unit 7a computes the temperature variation
inside the slab 8 in the next cycle based on the compu-
tation results of the last cycle as an input value.
[0020] The boundary conditions of the heat equation
are given by computation of heat flux. The computation
is performed based on the measured value in each of
the multiple thermocouples. In each cycle, the ambient
temperature inside the reheating furnace 1 varies. There-
fore, the measured values in the respective multiple ther-
mocouples are different. In this case, given heat fluxes
are different in the meshes in respective spaces. As a
result, the computed temperature distributions inside the
slab 8 are not uniform.
[0021] For example, when two-dimensional heat equa-
tion is used, the temperature distribution inside the slab
8 is computed in one of the width direction and the lon-
gitudinal direction in addition to the thickness direction
of the slab 8. For example, when three-dimensional heat
equation is used, the temperature distribution inside the
slab 8 is computed in both of the width direction and the
longitudinal direction in addition to the thickness direction
of the slab 8.
[0022] The entry-side temperature computation unit 7b
of the controlling system 7 computes, on the basis of the
temperature distribution inside the slab 8 when the slab
8 is extracted from the reheating furnace 1, the temper-
ature distribution inside the steel plate 9 when the slab
8 is formed into the steel plate 9 by the roughing mill 2
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and arrives at the entry side of the induction heating ap-
paratus 3.
[0023] Specifically, the entry-side temperature compu-
tation unit 7b substitutes a finitely-divided fine mesh for
time and space and computes the temperature distribu-
tion inside the steel plate 9 by the method of finite differ-
ences or the finite element method. On this occasion, the
entry-side temperature computation unit 7b repeats, with
the temperature distribution inside the slab 8 when the
slab 8 is extracted from the reheating furnace 1 as an
initial value, computation of the temperature distribution
inside the steel plate 9 by use of two-dimensional or
three-dimensional heat equation.
[0024] Until the slab 8 is formed into the steel plate 9
by the roughing mill 2 and arrives at the entry side of the
induction heating apparatus 3, conditions change se-
verely. Therefore, the entry-side temperature computa-
tion unit 7b sets the time mesh in response to changes
in the conditions. The entry-side temperature computa-
tion unit 7b adjusts the space mesh in conformity with
the time mesh in some cases.
[0025] For example, the boundary conditions of the
heat equation and the nodal conditions of the mesh are
set based on heat transfer by air cooling or water cooling
from extraction of the slab 8 from the reheating furnace
1 to arrival thereof at the roughing mill 2. For example,
the boundary conditions of the heat equation and the
nodal conditions of the mesh are set based on heat gen-
eration due to processing and friction when the slab 8 is
rolled by the roughing mill 2. For example, the boundary
conditions of the heat equation and the nodal conditions
of the mesh are set based on heat transfer due to the
slab 8 brought into contact with rolls of the roughing mill 2.
[0026] The delivery-side temperature computation unit
7c of the controlling system 7 computes, on the basis of
the temperature distribution inside the steel plate 9 when
the steel plate 9 arrives at the entry side of the induction
heating apparatus 3, the temperature distribution inside
the steel plate 9 when the steel plate 9 arrives at the
delivery side of the induction heating apparatus 3.
[0027] Specifically, the delivery-side temperature
computation unit 7c substitutes a finitely-divided fine
mesh for time and space and computes the temperature
distribution inside the steel plate 9 by the method of finite
differences or the finite element method. On this occa-
sion, the delivery-side temperature computation unit 7c
repeats, with the temperature distribution inside the steel
plate 9 when the steel plate 9 arrives at the entry side of
the induction heating apparatus 3 as an initial value, com-
putation of the temperature distribution inside the slab 8
by use of two-dimensional or three-dimensional heat
equation.
[0028] For example, the boundary conditions of the
heat equation are set on the basis of heat transfer by air
cooling. For example, the nodal conditions of the mesh
are set on the basis of applied current to the induction
heating apparatus 3.
[0029] The controlling unit 7d of the controlling system

7 controls the induction heating apparatus 3 so that, on
the basis of the temperature distribution inside the steel
plate 9 when the steel plate 9 arrives at the delivery side
of the induction heating apparatus 3, the temperature
distribution inside the steel plate 9 on the delivery side
of the induction heating apparatus 3 becomes a desired
temperature distribution.
[0030] In the controlling system 7, the temperature dis-
tribution data collection unit 7e collects data of temper-
ature distribution inside the steel plate 9 computed by
the delivery-side temperature computation unit 7c. The
sampling data collection unit 7f collects actual sampling
data in the hot-rolled steel plant. The storage unit 7g
stores the temperature distribution data collected by the
temperature distribution data collection unit 7e and the
sampling data collected by the sampling data collection
unit 7f in association with information of the steel material.
The parameter correction unit 7h corrects, on the basis
of the temperature distribution data and the sampling da-
ta associated with the information of the steel plate 9 in
the storage unit 7g, parameters when the delivery-side
temperature computation unit 7c computes the temper-
ature distribution inside the steel plate 9.
[0031] Next, by use of Fig. 2, the induction heating ap-
paratus 3 will be described.
[0032] Fig. 2 is a perspective view of the induction heat-
ing apparatus of the hot-rolled steel plant to which the
system for controlling the hot-rolled steel plant in Embod-
iment 1 of the present invention is applied.
[0033] The induction heating apparatus 3 in Fig. 2 is a
transverse-type induction heating apparatus. The induc-
tion heating apparatus 3 includes multiple inductors 3a.
Each of the multiple inductors 3a is movable in the width
direction of the steel plate 9.
[0034] Next, by use of Fig. 3, a configuration of the
controlling system 7 will be described.
[0035] Fig. 3 is a configuration diagram of the system
for controlling the hot-rolled steel plant in Embodiment 1
of the present invention.
[0036] In Fig. 3, the controlling system 7 includes an
on-line system 10, a user interface 11 and an integrated
plant data management solution 12.
[0037] The on-line system 10 includes a computer 10a,
an electric PLC 10b and an instrumentation PLC 10c.
[0038] The user interface 11 includes multiple user
PCs 11a.
[0039] The integrated plant data management solution
12 includes an RDB server 12a, a sampling data server
12b, a shared database 12c and a search engine server
12d.
[0040] In the integrated plant data management solu-
tion 12, the RDB server 12a collects product information
with an ID of a steel material as a key and parameters
used for control that are managed by the computer 10a.
The sampling data server 12b collects time-series sam-
pling data, in the on-line system 10, of the reheating fur-
nace 1, the roughing mill 2, the induction heating appa-
ratus 3, the finishing mills 4 and not-shown specific in-
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strumentation items, the sampling data being managed
by the electric PLC 10b and the instrumentation PLC 10c.
[0041] The shared database 12c stores all data col-
lected by the RDB server 12a and the sampling data serv-
er 12b. The shared database 12c stores the data for a
long period of time.
[0042] The search engine server 12d includes a search
function for the shared database 12c.
[0043] A user performs comparative evaluation, by use
of the user PC 11a, between a computation value of tem-
perature distribution of the steel plate 9 on the entry side
of the finishing mills 4 and an actual performance value
of temperature of the steel plate 9 measured by a ther-
mometer disposed on the entry side of the finishing mills
4. On this occasion, the user searches the shared data-
base 12c for all data associated with specific key infor-
mation by use of the search function of the search engine
server 12d. The user browses and extracts the data. The
user freely selects on-line data of each control system,
and organically associates the selected data pieces with
one another with an ID of a steel material as a key. The
user performs detailed investigation and analysis of data
by using a large amount of data stored for a long period
of time.
[0044] Next, by use of Fig. 4, description will be given
of temperature distribution inside the slab 8 obtained
when a mesh is cut in the thickness direction and the
width direction of the slab 8.
[0045] Fig. 4 is a diagram showing computation results
of temperature distribution inside the slab by the system
for controlling the hot-rolled steel plant in Embodiment 1
of the present invention.
[0046] In Fig. 4, for example, the mesh is divided into
five in the thickness direction of the slab 8. For example,
the mesh is divided into eleven in the width direction of
the slab 8. For example, the temperature of each mesh
is divided into five temperature zones. The first temper-
ature zone is set lower than 1200°C. The second tem-
perature zone is set at 1200°C or higher and lower than
1210°C. The third temperature zone is set at 1210°C or
higher and lower than 1220°C. The fourth temperature
zone is set at 1220°C or higher and lower than 1230°C.
The fifth temperature zone is set at 1230°C or higher.
[0047] Next, by use of Fig. 5, reheating of temperature
decreasing portion in the steel plate 9 will be described.
[0048] Fig. 5 is a diagram showing computation results
of temperature distribution inside the steel plate by the
system for controlling the hot-rolled steel plant in Embod-
iment 1 of the present invention.
[0049] In Fig. 5, for example, the mesh is divided into
five in the thickness direction of the steel plate 9. For
example, the mesh is divided into eleven in the width
direction of the steel plate 9. For example, the tempera-
ture of each mesh is divided into five temperature zones.
The first temperature zone is set lower than 850°C. The
second temperature zone is set at 850°C or higher and
lower than 860°C. The third temperature zone is set at
860°C or higher and lower than 870°C. The fourth tem-

perature zone is set at 870°C or higher and lower than
880°C. The fifth temperature zone is set at 880°C or high-
er.
[0050] When apparent gradient in temperature is gen-
erated in the width direction of the steel plate 9 inside the
steel plate 9, there is a possibility that the steel plate 9
meanders while being finish-rolled. Therefore, the con-
trolling system 7 instructs the induction heating appara-
tus 3 to reheat the temperature decreasing portion of the
steel plate 9. Specifically, the controlling system 7 causes
the induction heating apparatus 3 to face the temperature
decreasing portion of the steel plate 9. The controlling
system 7 applies a necessary current to the induction
heating apparatus 3. As a result, the induction heating
apparatus 3 reheats the temperature decreasing portion
of the steel plate 9.
[0051] Next, by use of Figs. 6 and 7, operations of the
controlling system 7 will be described.
[0052] Figs. 6 and 7 are flowcharts for illustrating op-
erations of the system for controlling the hot-rolled steel
plant in Embodiment 1 of the present invention.
[0053] In step S1, the controlling system 7 collects
steel material information, such as a steel grade and size.
Thereafter, the process proceeds to step S2. In step S2,
the controlling system 7 collects actual performance data
of the reheating furnace 1. Thereafter, the process pro-
ceeds to step S3.
[0054] In step S3, the controlling system 7 updates the
temperature computation value of the slab 8 inside the
reheating furnace 1. Thereafter, the process proceeds
to step S4. In step S4, the controlling system 7 deter-
mines whether or not the slab 8 has been extracted from
the reheating furnace 1.
[0055] When the slab 8 has not been extracted from
the reheating furnace 1 in step S4, the process proceeds
to step S5. In step S5, the controlling system 7 sets a
timer of a fixed cycle from several tens of seconds to
several minutes. Thereafter, the process returns to step
S2.
[0056] When the slab 8 has been extracted from the
reheating furnace 1 in step S4, the process proceeds to
step S6. In step S6, the controlling system 7 sets the
temperature computation value of the slab 8 extracted
from the reheating furnace 1 at an initial value. Thereaf-
ter, the process proceeds to step S7.
[0057] In step S7, the controlling system 7 determines
temperature variation conditions, such as air cooling, wa-
ter cooling or rolling. Thereafter, the process proceeds
to step S8. In step S8, the controlling system 7 updates
the temperature computation value of the steel plate 9.
Thereafter, the process proceeds to step S9. In step S9,
the controlling system 7 determines whether or not steel
plate 9 has arrived at the entry side of the induction heat-
ing apparatus 3.
[0058] When the steel plate 9 has not arrived at the
entry side of the induction heating apparatus 3 in step
S9, the process proceeds to step S10. In step S10, the
controlling system 7 sets a timer of a fixed cycle of several
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seconds or less. Thereafter, the process returns to step
S7.
[0059] When the steel plate 9 has arrived at the entry
side of the induction heating apparatus 3 in step S9, the
process proceeds to step S11. In step S11, the controlling
system 7 computes the temperature distribution inside
the steel plate 9 on the delivery side of the induction heat-
ing apparatus 3. Thereafter, the process proceeds to step
S12. In step S12, the controlling system 7 performs, on
the basis of the heating capacity, frequency and conduc-
tivity of the induction heating apparatus 3, computation
and setting of heat amount necessary to make the tem-
perature distribution inside the steel plate 9 uniform.
[0060] According to the above-described Embodiment
1, the temperature distribution inside the steel plate 9
when the steel plate 9 arrives at the delivery side of the
induction heating apparatus 3 is computed multi-dimen-
sionally due to the slab 8 sequentially taking over data
of temperature distribution inside the slab 8 when the
slab 8 is extracted from the reheating furnace 1. There-
fore, it is possible to accurately ascertain the temperature
distribution inside the steel plate 9 when the steel plate
9 arrives at the delivery side of the induction heating ap-
paratus 3.
[0061] Moreover, the induction heating apparatus 3 is
controlled so that, on the basis of the computation value
of asymmetric temperature distribution inside the steel
plate 9 when the steel plate 9 arrives at the delivery side
of the induction heating apparatus 3, the temperature
distribution inside the steel plate 9 on the delivery side
of the induction heating apparatus 3 becomes a desired
temperature distribution. Therefore, it is possible to make
the temperature distribution inside the steel plate 9 more
uniform on the delivery side of the induction heating ap-
paratus 3. As a result, inconveniences in quality and op-
eration in finish rolling can be reduced.
[0062] Moreover, parameters on computing the tem-
perature distribution inside the steel plate 9 are corrected
on the basis of the temperature distribution data and the
sampling data associated with the information of the steel
plate 9. Therefore, it is possible to improve computation
accuracy of the temperature distribution inside the steel
plate 9.
[0063] Next, by use of Fig. 8, an example of the con-
trolling system 7 will be described.
[0064] Fig. 8 is a hardware configuration diagram of
the system for controlling the hot-rolled steel plant in Em-
bodiment 1 of the present invention.
[0065] Each function of the controlling system 7 can
be implemented by a configuration simpler than the con-
figuration in Fig. 3. For example, each function of the
controlling system 7 can be implemented by a processing
circuit. For example, the processing circuit includes at
least one processor 13a and at least one memory 13b.
For example, the processing circuit includes at least one
dedicated hardware 14.
[0066] When the processing circuit includes at least
one processor 13a and at least one memory 13b, each

function of the controlling system 7 can be implemented
by software, firmware or a combination of software and
firmware. At least one of the software and the firmware
is described as a program. At least one of the software
and the firmware is stored in at least one memory 13b.
At least one processor 13a implements each function of
the controlling system 7 by reading programs stored in
at least one memory 13b and executing thereof. At least
one processor 13a is also referred to as a CPU (Central
Processing Unit), a processing device, a computing de-
vice, a microprocessor, a microcomputer or a DSP. For
example, at least one memory 13b is a nonvolatile or
volatile semiconductor memory, such as a RAM, a ROM,
a flash memory, an EPROM, or an EEPROM, a magnetic
disk, a flexible disk, an optical disk, a compact disk, a
mini disk or a DVD.
[0067] When the processing circuit includes at least
one dedicated hardware 14, the processing circuit is, for
example, a single circuit, a complex circuit, a pro-
grammed processor, a parallel-programmed processor,
an ASIC, an FPGA or a combination thereof. For exam-
ple, each function of the controlling system 7 can be im-
plemented by the processing circuit. For example, the
respective functions of the controlling system 7 can be
collectively implemented by the processing circuit.
[0068] Regarding the respective functions of the con-
trolling system 7, it may be possible that a part thereof
is implemented by the dedicated hardware 14 and an-
other part thereof is implemented by the software or the
firmware. For example, the function of the extraction tem-
perature computation unit 7a may be implemented by
the processing circuit as the dedicated hardware 14, and
functions other than those of the extraction temperature
computation unit 7a may be implemented by at least one
processor 13a reading the programs stored in at least
one memory 13b and executing thereof.
[0069] In this manner, the processing circuit imple-
ments each function of the controlling system 7 by the
hardware 14, the software, the firmware or a combination
thereof.

Embodiment 2

[0070] Fig. 9 is a perspective view of the induction heat-
ing apparatus of the hot-rolled steel plant to which the
system for controlling the hot-rolled steel plant in Embod-
iment 2 of the present invention is applied. Note that same
or corresponding parts as those in Embodiment 1 are
assigned with same reference signs. Description of the
parts will be omitted.
[0071] The induction heating apparatus 3 in Fig. 9 is a
solenoid-type induction heating apparatus 3. The induc-
tion heating apparatus 3 includes an inductor 3a. The
inductor 3a is fixed to cover a part of the steel plate 9.
The inductor 3a can heat the entire steel plate 9 in the
width direction of the steel plate 9.
[0072] Next, by use of Fig. 10, reheating of temperature
decreasing portion in the steel plate 9 will be described.
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[0073] Fig. 10 is a diagram showing computation re-
sults of temperature distribution inside the steel plate by
the system for controlling the hot-rolled steel plant in Em-
bodiment 2 of the present invention.
[0074] In Fig. 10, for example, the mesh is divided into
five in the thickness direction of the slab 8. For example,
the mesh is divided into twenty-one in the longitudinal
direction of the steel plate 9. For example, the tempera-
ture of each mesh is divided into five temperature zones.
The first temperature zone is set lower than 850°C. The
second temperature zone is set at 850°C or higher and
lower than 860°C. The third temperature zone is set at
860°C or higher and lower than 870°C. The fourth tem-
perature zone is set at 870°C or higher and lower than
880°C. The fifth temperature zone is set at 880°C or high-
er.
[0075] When partial temperature drop due to skid
marks is generated in the longitudinal direction of the
steel plate 9 inside the steel plate 9, there is a possibility
that variations in the plate thickness of the steel plate 9
and the roll force of the steel plate 9 are generated while
the steel plate 9 is subjected to finish rolling. Therefore,
the controlling system 7 applies a necessary current to
the induction heating apparatus 3 when the temperature
decreasing portion of the steel plate 9 passes through
the induction heating apparatus 3. As a result, the induc-
tion heating apparatus 3 reheats the temperature de-
creasing portion of the steel plate 9.
[0076] According to the above-described Embodiment
2, when the temperature decreasing portion of the steel
plate 9 passes through the induction heating apparatus
3, the induction heating apparatus 3 reheats the temper-
ature decreasing portion of the steel plate 9. Therefore,
it is possible to make the temperature of the temperature
decreasing portion of the steel plate 9 due to the skid
marks close to a temperature at the center portion of the
steel plate 9.
[0077] Note that the induction heating apparatus 3 of
Embodiment 1 and the induction heating apparatus 3 of
Embodiment 2 may be disposed in line in a conveying
direction of the steel plate 9. For example, the induction
heating apparatus 3 of Embodiment 2 may be disposed
on the delivery side of the induction heating apparatus 3
of Embodiment 1. For example, the induction heating ap-
paratus 3 of Embodiment 2 may be disposed on the entry
side of the induction heating apparatus 3 of Embodiment
1. In these cases, effects similar to the effects in Embod-
iment 1 and the effects in Embodiment 2 can be obtained.

Industrial Applicability

[0078] As described above, the system for controlling
the hot-rolled steel plant according to the present inven-
tion can be used for a system capable of accurately as-
certaining temperature distribution inside a steel plate
when the steel material arrives at a delivery side of an
induction heating apparatus.

Reference Signs List

[0079] 1 reheating furnace, 2 roughing mill, 3 induction
heating apparatus, 3a inductor, 4 finishing mill, 5 cooling
facility, 6 coiler, 7 controlling system, 7a extraction tem-
perature computation unit, 7b entry-side temperature
computation unit, 7c delivery-side temperature compu-
tation unit, 7d controlling unit, 7e temperature distribution
data collection unit, 7f sampling data collection unit, 7g
storage unit, 7h parameter correction unit, 8 slab, 9 steel
plate, 10 on-line system, 10a computer, 10b electric PLC,
10c instrumentation PLC, 11 user interface, 11a user PC,
12 integrated plant data management solution, 12a RDB
server, 12b sampling data server, 12c shared database,
12d search engine server, 13a processor, 13b memory,
14 hardware

Claims

1. A system for controlling a hot-rolled steel plant com-
prising:

an extraction temperature computation unit for
computing temperature distribution inside a
steel material when the steel material is extract-
ed from a heating furnace;
an entry-side temperature computation unit for
computing, based on the temperature distribu-
tion inside the steel material computed by the
extraction temperature computation unit, tem-
perature distribution inside the steel material
when the steel material arrives at an entry side
of an induction heating apparatus disposed on
a delivery side of the heating furnace; and
a delivery-side temperature computation unit for
computing, based on the temperature distribu-
tion inside the steel material computed by the
entry-side temperature computation unit, tem-
perature distribution inside the steel material
when the steel material arrives at a delivery side
of the induction heating apparatus.

2. The system for controlling a hot-rolled steel plant ac-
cording to claim 1, further comprising:

a controlling unit for controlling, based on the
temperature distribution inside the steel material
computed by the delivery-side temperature
computation unit, the induction heating appara-
tus to make the temperature distribution inside
the steel material on the delivery side of the in-
duction heating apparatus be a desired temper-
ature distribution.

3. The system for controlling a hot-rolled steel plant ac-
cording to claim 1 or claim 2, further comprising:
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a temperature distribution data collection unit for
collecting data of temperature distribution inside
the steel material computed by the delivery-side
temperature computation unit;
a sampling data collection unit for collecting ac-
tual sampling data in the heating furnace and
the induction heating apparatus;
a storage unit for storing the data of temperature
distribution collected by the temperature distri-
bution data collection unit and the sampling data
collected by the sampling data collection unit in
association with information of the steel materi-
al; and
a parameter correction unit for correcting, based
on the data of temperature distribution and the
sampling data associated with the information
of the steel material in the storage unit, a param-
eter used when the delivery-side temperature
computation unit computes the temperature dis-
tribution inside the steel material.
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