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Digital Twin of Steel-making Process Control in Nippon Steel Corporation
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Abstract

Overlooking of the changes in process control technology and the recent developments in Nippon
Steel Corporation, we reconfirm that the digital twin is not a concept that has suddenly emerged
today, but it is positioned as an extension of the technologies developed by our predecessors, and
its universal perspective, or its essential position is digital sharing of operation technology, facility
technology, and process control technology including human dynamics and man-machine
communication. The digital twin in our process control is built on the universal perspective and

the essential position.
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Overview of progress in system and measurement control technology in Nippon Steel

Item Before 1990s

After 1990s

1) System configuration

(H/W, S/W) system

Manufacturer-specific/Dedicated/Single-function

Open/General-purpose/Multifunctional system

2) Measurement/Control target | « Single process

* SISO control

¢ Individual measurement (Time series chart)

* Individual/Distribution measurement (Image information)
 Serialization of pre- and post-processes
¢ MIMO control

 Single process (Single facility)
3) Operator’s point of view
series chart monitoring)

¢ Individual monitoring (Batch monitoring, Time

* Multiple processes (Multiple facilities)
« Individual/Distribution/Feature value monitoring (Integrated
visualization monitoring, Image information monitoring)

4) Man-Machine interface

Control room (Single function dedicated screen)

* Control room (Integrated large screen)
* Tablet terminal, Wearable device (2020s and beyond)

5) Data transmission Wired

Wired + Wireless (2020s and beyond)

6) Data storage and analysis Individual (Local)

¢ Company-wide sharing
 Private cloud (2020s and beyond)
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Outline diagram of virtual test run system®) *2
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Configuration of real-time observation and operation con-
trolled system?® 9
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K3 RFID #RAWANIVLZAEFOEARR NS v XY
FMTOBE " 2

Outline of burden material tracking using RFID for direct

charge type'" *2
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a) When steam injected

b) When oxygen injected
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Taphole )

Flow direction

a) Example of thermal image of molten iron and slag stream

Iron peak
w
I Iron distribution
a
B A
5 Slag distribution
o
£
p=)
pd
70 100 130 160 190
Gray level

b) Histogram of the thermal image

M5 H#EROHEGREBEL X N T LOEMIHEO *2
Thermal image of tapped stream and analysis example of
brightness histogram 6 *2
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sure P [hPa]
Temperature T [°C]

Shaft Pres:

a) Shaft pressure, hearth wall (inside) and hearth temperature  b) Shaft pressure, stave,
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3-Dimensional image of blast furnace process data (#2BF
Oita Works, Nippon Steel)'® *2

. hearth wall (outside) and hearth temperature
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Model predictive controller /}“ﬂ disturbance ( ex. variation
y of material conditions)
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Feedback loop D
furnace heat index

T

1 Feedback loop @

; carbon solution loss,
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___________
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Outline of the control system in automated blast furnace
operation
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Hot stove simulator : Optimization of input heat amount and combustion pattern

1. Process model for hot stove

Blast main Blower thermometer
Gas I 1 v
Al [ Niving chamber Mixing chamber |
Combustion chamber Combustion chamber
Fcat storage chanib: [Fcat storage chanbel
Exhaugt gas *
H
1
H Blower 1
i '

2. Control model for hot stove

a) Outline of process model and control model for hot stove

Heat amount reduction period
s
—_
/_\/ \;
Accumulated|
heat amount
Required heat amount

Input
heat amount
time

the current

b) Example of optimization of input heat amount and combustion pattern

X8 #EIFREREEHIEHDOBE2
Outline of optimal combustion control for hot stove2?
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nonlinear model I
machine

estimation error
learning
model
+
process data process + coke temperature
model —>

+ adjacent coke-oven
chamber data
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Outline of gray box model for optimal combustion control

for coke oven??
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Run-out table (ROT)
cooling equipment

Advanced
sensor

Strip position sensor

Fountain pyrometer

*Feedforward control
*Cooling pattern control

*Symmetric and asymmetric
decomposition control

Control
Tech

*Model predictive control
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Digital sharing enabled by Digital Twin of Steel-making Process Control

[Real world]

» real facility (nonlinear distributed
parameter system, multi-time scale system)

+ production plan, customer specifications

« logistics (raw materials, fuel, products)

* continuous operation (24hours/365days)

+ seasonal variation, disturbance to
production plan

+ regular/non-regular facility maintenance

Digital
Twin

(=

[Virtual world] Digital/Cyber space

» virtual facility (high-resolution space-time
monitoring/control)

* cyber-physical system

(real time data/process data I/O, physical

model, analysis/knowledge algorithms such
as machine learning. control system.
visualization I/F, computer. database, etc.)

* optimization, model predictive control.
knowledge

* wireless transmission, private cloud

network

Digital sharing including human dynamics and man-machine communication

facility operator, operations manager. facility maintenance engineer. control engineer/system engineer

12 BAEGKOTOEXFECH TR TFI2ILY1 >
Digital twin of steel-making process control in Nippon Steel
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